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1. Estimation of the volume of digestate evaporated 

The calculation of the performance of the ammonium removal took into account the liquid 
evaporated during the process. 

Based on the temperatures monitored in the reactors and the amount of insufflated air (20% in 
the pre-stripping reactor and 80% in the stripping reactor), the performance was calculated by taking 
into account the reduction in volume in the reactors due to the partial evaporation of the liquid phase 
(assuming that the gaseous flow exiting the reactors was saturated with water). Under these 
conditions, the Antoine formula was applied, to determine the vapour-pressure (6), to then calculate 
the water vapour of air (7, 8) in the pre-stripping, stripping, and external air.  𝑃 = 10ି஺ା ஻஼ା் 

 
(6) 

where   P is the vapour-pressure of the substance [mmHg] 
A, B and C are coefficients depending on the nature of the substance; they were assumed as 
those of water, with A = 7.94917; B = 1657.642; C = 227.02 [41] 
T is the temperature of the digestate in the reactors or of the external air measured during the 
tests [°C] 
 𝑝 =  𝑃 ∗ 𝑈100  

 
(7) 

where  p is the pressure of the saturated vapour [mmHg] 
U is the relative humidity in the reactors (hypothesis 100%) or in the external air
(measured) [%] 

 

 

𝐻 =  𝑀𝑀௩௔௣௢௥ ∗ 𝑝(𝑀𝑀௔௜௥ ∗ (𝑝௔௧௠ − 𝑝))  (8) 

where  H is the water vapour in the air [kgwater/kgdry air] 
              MMair is the average molecular mass of dry air [assumed as 29 g/mol] 

MMvapour is the average molecular mass of vapour [assumed as 18 g/mol] 
              p atm is the atmospheric pressure at sea level [equal to 760 mmHg] 

 
The difference between the water vapour in the air inside the reactors (pre-stripping and stripping) 
and outside (external air), multiplying the insufflated air, gave the evaporated volume. 
 𝑉௘௩௔௣௢௥௔௧௜௢௡ = (𝐻௥௘௔௖௧௢௥   − 𝐻௘௫௧௘௥௡௔௟ ௔௜௥) ∗ 𝑄 ∗ 𝑥 ∗ 𝜌 ∗ 𝑡 (9) 

where  Vevaporation is the volume of liquid evaporated [m3] 
Hreactor is the water vapour of the air in the reactor [kgwater/kgdry air] 
Hexternal air is the water vapour of the external air [kgwater/kgdry air] 
x is the amount of insufflated air [20% in the pre-stripping and 80% in the stripping] 
Q is the total airflow from the blower [1050 Nm3/h] 
ρ is the density of dry air [1.2 kgdry air/Nm3] 
t is the time of pre-stripping or stripping [8 or 16 hours] 



 

 
The volume of manure in the reactors at the end of the process, considering the evaporation (Vout) 
was calculated as the difference between the initial volume and the evaporated volume. 
  
2. Consumption of thermal energy 

The consumption of thermal energy was calculated as the sum of the four following contributions:  

- the heating of the digestate mass in the stripping and/or pre-stripping reactor, and to a 
minimum, in the weighting tanks, (Hm), calculated as: 𝐻௠ = ∆𝑇 ∗ 𝑚𝑎𝑠𝑠௠௔௡௨௥௘ ∗ 𝑐௪௔௧௘௥  

 
(10) 

where ΔT is the difference between the minimum and maximum temperature in the reactors 
(∆𝑇 = 𝑇௠௔௫ − 𝑇௠௜௡ ) 

  massmanure is the weight in kg of the liquid manure in input in the reactors 
  cwater is the specific heat of digestate (assumed as water, and equal to 4186 J/(kg °C)) 

- the compensation of heat dissipation from stripping and pre-stripping reactors to the external 
environment (Hd), calculated as: 𝐻ௗ = (∆𝑇ଵ,௣௦ ∗ 𝐴௥௘௔௖௧௢௥ ∗ 𝛷௥௘௔௖௧௢௥ ∗ 𝑡௣௦) + (∆𝑇ଵ,௦ ∗ 𝐴௥௘௔௖௧௢௥ ∗ 𝛷௥௘௔௖௧௢௥ ∗ 𝑡௦) (11) 

where  ΔT1 is the difference between the weighted average of the temperature in the pre-
stripping (∆𝑇ଵ,௣௦) or stripping (∆𝑇ଵ,௦) reactors and the average external temperature (∆𝑇ଵ =  𝑇௥௘௔௖௧௢௥௦,௪௘௜௚௛௧௘ௗ ௔௩௘௥௔௚௘ − 𝑇௘௫௧௘௥௡௔௟,௔௩௘௥௔௚௘) 

 Areactors is the area of external walls of the reactors 
Φreactors is the transmittance of the walls of the reactors (assumed equal to 1 W/(m2 K)) 
t is the duration of the pre-stripping (tps) and stripping (ts) 

 
- the compensation of the latent heat of phase transition of the evaporating water (Hl), calculated 

as: 

𝐻௟ =  (ℎ௣௦ ∗ 𝐿௣௦ ) + (ℎ௦ ∗ 𝐿௦ ) 
(12) 

where h is the mass of evaporated water in the pre-stripping (hps) and stripping (hs) reactors 
L is the latent heat of water  in the pre-stripping (Lps) and stripping (Ls) reactors at 
the average weighted temperatures calculated during the tests 

 

- the heating of the air entering the blower (Ha); it was included in favor of safety, as the air is 
heated with the heat dissipated by the engine, which would not be transferred to the water 
recovery circuit. It was calculated as: 
 𝐻௔ =  𝑐௔௜௥ ∗ ∆𝑇ଶ ∗ 𝑚𝑎𝑠𝑠௔௜௥  (13) 

where ΔT2 is the difference between the temperature of the air in inlet at the blower and the 
average external temperature ( ∆𝑇ଶ= 𝑇௜௡௧௘௥௡௔௟,௕௟௢௪௘௥ − 𝑇௘௫௧௘௥௡௔௟,௔௩௘௥௔௚௘ ) 

 massair is the weight of air transferred at the inlet temperature 
  cair is the specific heat of air assumed equal to 1007 J/(kg °C) 

  



 

3. Graphical elaborations of the results for the identification of time intervals for the 
model for ammonium residual fraction decrease 

In the following graphs, the dashed line indicates the temperature, the dotted line the pH. The 
considered intervals are highligheted in red. 
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