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N2O Mass Transfer Coefficient Calculation from Aeration Field Size and Air Flow 

In the aerated reactor the size of the total aeration field (m2) and the total air flow QA (NOTE the unit! m3s-1) 

for the aerated reactor is known. The total aeration field (m2) is measured as the reactor surface where 

leaving air bubbles are detected visually by on-site inspection.  

The superficial gas velocity of the aerated reactor is calculated by dividing the total air flow with the 

aeration field size:  

𝑔 20℃ ≅  
𝑄𝐴 20℃

𝐴𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑓𝑖𝑒𝑙𝑑 𝑠𝑖𝑧𝑒
       (𝟏. 𝟏) 

From the superficial gas velocity of the aerated reactor the N2O mass transfer coefficient kLaN2O can be 

calculated using the empirical formula 3.2 based on laboratory experiments at 20C in mixed WWTP liquori: 

𝑘𝐿𝑎𝑁2𝑂 20𝐶 =  {
𝐷𝑅

𝐷𝐿

}
−0.49

×  34500 × (𝑔 20℃)
0.86

       (𝟏. 𝟐) 

𝑘𝐿𝑎𝑁2𝑂 20𝐶 =  {
𝐷𝑅

0.815 𝑚
}

−0.49

×  34500 ×  (𝑔 20℃)
0.86

       (𝟏. 𝟑) 

g: Superficial gas velocity of the reactor (m3m-2s-1)  
DR: Depth over the diffuser of the reactor (m)  

DL: Depth of the laboratory reactor (0.815 m)  
kLaN2O: N2O mass transfer coefficient (d-1) 

 

Finally the kLaN2O calculated above is temperature corrected to the process temperature TProcess: 

𝑘𝐿𝑎𝑁2𝑂 𝑇𝑃𝑟𝑜𝑐𝑒𝑠𝑠
=  𝑘𝐿𝑎𝑁2𝑂 20𝐶  × (1.024)(𝑇𝑃𝑟𝑜𝑐𝑒𝑠𝑠− 20𝐶)      (𝟏. 𝟒) 

N2O Emission Formula 

The dissolved N2O concentration and mixed liquor temperature are measured with the N2O Wastewater 

System and values used to calculate the temperature compensated N2O concentration in the aerated 

reactor (g-N/m3). From the input of the air flow QA in the aerated reactor the temperature compensated 

N2O mass transfer coefficient 𝑘𝐿𝑎𝑁2𝑂 is calculated using equations 1.1- 1.4.  

With the values 𝑘𝐿𝑎𝑁2𝑂 and QA known the N2O emission rate per reactor volume can be calculated using 

the formula belowii,iii (NOTE the QA unit! m3d-1): 

𝐴𝑒𝑟𝑎𝑡𝑒𝑑 𝑧𝑜𝑛𝑒𝑠:   𝑟𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠
= 𝐻𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠

× 𝑆𝑁2𝑂  [1 − 𝑒
− 

𝑘𝐿𝑎𝑁2𝑂 

𝐻𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠
 ∙ 

𝑉𝑅
𝑄𝐴,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠 ]  ×  

𝑄𝐴,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠

𝑉𝑅

     (𝟐) 

 

𝑁𝑜𝑛 − 𝑎𝑒𝑟𝑎𝑡𝑒𝑑 𝑧𝑜𝑛𝑒𝑠:                     𝑟𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠
= 𝑘𝐿𝑎𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠

𝑁𝑜𝑛−𝑎𝑒𝑟𝑎𝑡𝑒𝑑  ×  [𝑆𝑁2𝑂 − 
𝐶𝑁2𝑂,𝑎𝑖𝑟

𝐻𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠

] (𝟑) 

𝐫𝐍𝟐𝐎,𝐓𝐩𝐫𝐨𝐜𝐞𝐬𝐬
: N2O emission rate (g-N N2O m-3d-1) 

𝐇𝐍𝟐𝐎,𝐓𝐩𝐫𝐨𝐜𝐞𝐬𝐬
: Henrys constant (dimensionless)  

𝐒𝐍𝟐𝐎: N2O concentration (g-N N2O m-3) 

𝐐𝐀,𝐓𝐩𝐫𝐨𝐜𝐞𝐬𝐬
: Total air flow through reactor per day (m3d-1)  

VR: Volume of aerated part of reactor (m3)  

𝐤𝐋𝐚𝐍𝟐𝐎: N2O mass transfer coefficient (d-1) 

𝐂𝐍𝟐𝐎,𝐚𝐢𝐫 : N2O concentration in air equilibrium (g-N/m3) 
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The dimensionless Henrys constant 𝐻𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠
 is like the N2O Wastewater sensor signal dependent on the 

process temperature and the temperature correction is calculated using equations 4.1- 4.2. 

 

𝐻𝑁2𝑂,𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠
=  

1

kH ∙ R ∙ (Tprocess +  273.15) ∙ 103 L
m3

(𝟒. 𝟏) 

 

kH = kH
θ ×  e

(
−∆solnH

R
∙(

1
Tprocess+ 273.15

−
1

Tθ+273.15
))

(𝟒. 𝟐) 

 

kH
: Henrys constant at the std. temp. (mol·L−1·bar−1) 

T: Standard temperature = 25C 

Tprocess: Mixed liquor temperature (C) 

-∆solnH/R: The enthalpy of the solution (K) 

 

From literature the N2O mean values for kH
, -∆solnH/R and supporting constant numbers are given in the 

below table: 
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kH
 (mol·L-1·bar-1) 

−∆solnH

R
 (K) 𝐶𝑁2𝑂,𝑎𝑖𝑟  (g-N/m3) R (m3·bar·mol−1·K−1) 𝑘𝐿𝑎𝑁2𝑂 𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠

𝑁𝑜𝑛−𝑎𝑒𝑟𝑎𝑡𝑒𝑑(𝑑−1) 

0.0247 2675 0.0003 8.314 x 10-5 2 – 4  


