
 

Simulation of condensation in raw biogas containing H2S 
 

Terje Bråthen1 Lars Erik Øi1 Jon Hovland2  
1Department of and Process, Energy and Environmental Technology, University of South-Eastern Norway 

2SINTEF Tel-Tek, SINTEF Industry, Porsgrunn, Norway 

 

 
lars.oi@usn.no 

 

Abstract 
 

Condensation in raw biogas during compression is a 

problem because the CO2, water and H2S in the liquid 

phase is very corrosive.  Raw biogas typically contains 

60 mol-% methane, 40 mol-% CO2, is saturated with 

water and may contain contaminants as H2S.  In case of 

H2S, it is of interest whether it has influence on the dew 

point (condensation) temperature.  The aim of this work 

is to calculate the dew point under different conditions 

using different equilibrium models.  Phase envelopes 

showing the two-phase area are also calculated.  There 

is traditionally only one constant binary parameter for 

each component pair in standard models like Peng-

Robinson (PR) and Soave-Redlich-Kwong (SRK).  In 

the process simulation tools Aspen HYSYS and Aspen 

Plus, the binary parameter for water/CO2 and water/H2S 

can be made temperature dependent.  For dry mixtures 

of methane and CO2 with up to 1 mol-% H2S (a high 

value for biogas), the different models gave similar 

results.  When the H2S increased from 0 to 1 mol-%, the 

dew point temperature increased with typically 1.0 K.  

When water was included, the amount of calculated H2S 

dissolved in water varied considerably with the model 

and on the selected binary parameter for water/H2S.  For 

biogas simulation, it is recommended to select a binary 

parameter (fitted to -0.036 at 25 ºC for PR) that fits the 

experimental data for H2S solubility in water.    

 

Keywords: CO2, methane, water, biogas, phase 
envelope, Aspen HYSYS, Aspen Plus 

1 Introduction 

 

Condensation in biogas containing water and H2S 

during compression is a challenge because the CO2, 

water and H2S in the liquid phase is very corrosive.  Raw 

biogas typically contains 60 mol-% methane, 40 mol-% 

CO2, is saturated with water and may contain 

contaminants as H2S.  Under compression up to 300 bar, 

it is a question whether condensation (mostly water) will 

occur.  When the biogas contains H2S, it is of interest 

whether it has influence on the dew point temperature.  

It is also of interest how much H2S will condense in the 

liquid phase. 

This work is a continuation of the work from Øi and 

Hovland (2018) and Bråthen et al. (2019) which did not 

consider H2S. 

Traditionally, gas mixture properties of methane, 

CO2, H2S and water are calculated in a process 

simulation program with standard models like PR (Peng 

and Robinson, 1976) and SRK (Soave, 1972).  There is 

traditionally only one constant binary parameter for 

each component pair.  In the process simulation tools 

Aspen HYSYS and Aspen Plus, the binary parameter for 

water/CO2 and water/H2S can be made temperature 

dependent.  Other models are also available in Aspen 

HYSYS and Aspen Plus.  Properties of mixtures of the 

biogas components have been studied extensively in 

natural gas processing where the methane concentration 

is very high.  The same components have also been 

studied in the development of CO2 injection into 

different hydrocarbon reservoirs (Ziabakhsh-Ganji and 

Kooi, 2012).  There have been found few articles about 

process simulation of biogas (Tan et al., 2017; Pellegrini 

et al., 2015; Ahmad et al., 2018), but these are not 

considering H2S.  

When using fitted binary parameters (kij parameters) 

these models simulate the gas phase and the 

condensation point reasonably accurately (within a few 

degrees) at least below the critical point which is 46 bar 

for methane and 74 bar for CO2 (Øi and Hovland 2018;  

Bråthen et al., 2019).   

Studies of models for vapour/liquid equilibrium in 

the methane/CO2/water-system have been performed by 

Jarne (2004) Austegard et al. (2006), Privat and Jaubert 

(2014), Al Ghafri et al. (2014), Legoix et al. (2017) and  

Bråthen et al. (2019).  Only Privat and Jaubert (2014) 

included H2S in the study.  Austegard et al. (2006) 

concluded that a simple equation of state like SRK is 

satisfactory to describe the vapour phase, but more 

complex models are necessary to describe the liquid 

phase.  

Several authors have studied models for the system 

CO2/water (Spycher et al., 2003; Longhi, 2005; Aasen 

et al., 2017).  Bråthen et al. (2019) concluded that PR 

and SRK with a standard kij value were able to simulate 

this system satisfactory, at least for the vapour phase up 

to the critical point (40-70 bar). 

References for CH4/CO2/water including H2S are 
Søreide and Whitson (1992) and Li et al. (2014).  

Søreide and Whitson calculated kij values fitted to 
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measured vapour phase compositions and different 

values fitted to liquid phase compositions. 

There has been published work including H2S using 

more advanced thermodynamic models in e.g. 

predictive PR (Privat et al., 2008), SAFT-VR (Perez et 

al., 2017).  In this work, the emphasis is on the standard 

PR and SRK methods available in the process 

simulation programs Aspen HYSYS and Aspen Plus.    

The aim of this work is to calculate the dew point or 

condensation of biogas containing H2S under different 

conditions with varied temperature, pressure and gas 

composition and using different equilibrium models. 

 

2 Simulation Programs and Models  

 

Øi and Hovland (2018) and Bråthen et al. (2019) 

simulated dry biogas (CH4 and CO2) and mixtures also 

containing water using the process simulation programs 

Aspen HYSYS and Aspen Plus.  The equilibrium 

models SRK (Soave, 1972), PR (Peng and Robinson, 

1976) and also other models were used. 

The reason why the simple models PR and SRK are 

selected, is that the models and fitted binary parameters 

are usually available in different process simulation 

programs.  Other commercial process simulation 

programs are ProMax, ChemCad, and ProTreat. 

In Aspen HYSYS and Aspen Plus the PR and SRK 

models have only one adjustable parameter for each 

binary component pair, but for some components, and 

especially water/CO2 and water/H2S, this parameter 

may be temperature dependent. 

Equations for the SRK equation of state are shown 

in (1) to (8) from Aspen HYSYS Version 10.  Aspen 

HYSYS and Aspen Plus Version 10 were used in the 

simulations. More details are discussed in Bråthen et al. 

(2019). 

 

𝑝 =
𝑅𝑇

𝑣−𝑏
− 𝑎

𝑣(𝑣+𝑏)
                             (1) 

𝑏 = ∑ 𝑥𝑖𝑏𝑖                                                  
𝑁
𝑖=1 (2) 

 𝑏𝑖 =
0,08664𝑅𝑇𝐶

𝑝𝑐
                                               (3) 

𝑎 = ∑ ∑ 𝑥𝑖𝑥𝑗(𝑎𝑖𝑎𝑗)
0,5

(1 − 𝑘𝑖𝑗)   𝑁
𝑗=1   𝑁

𝑖=1 (4) 

                𝑎𝑖 = 𝑎𝑐𝑖𝛼𝑖                                                        (5) 

     𝑎𝑐𝑖 =
0,42748𝑅2𝑇𝑐

2

𝑝𝑐
                                            (6) 

𝛼𝑖 = [1 + 𝑚𝑖 (1 − 𝑇𝑟

1
2⁄

)]
2

                         (7) 

𝑚𝑖 = 0,48 + 1,574𝜔𝑖 − 0,176𝜔𝑖
2            (8) 

 

 

P, T, v and R are the pressure, temperature, molar 

volume and the universal gas constant. Tc is the critical 

temperature, ω is the acentric factor and Tr is the 

reduced temperature (the ratio between T and Tc).  The 

binary interaction parameter kij (= kji) is a constant for a 

binary component pair and xi is the mole fraction for 

component i.  In the PR equation, equation 1, 3, 6 and 8 

are replaced by equation 9, 10, 11 and 12.  

  

𝑝 =
𝑅𝑇

𝑣−𝑏
− 𝑎

𝑣(𝑣+𝑏)+𝑏(𝑣−𝑏)
                           (9) 

  𝑏𝑖 =
0,077796𝑅𝑇𝐶

𝑝𝑐
                                                        (10) 

                𝑎𝑐𝑖 =
0,457235𝑅2𝑇𝑐

2

𝑝𝑐
                                                    (11) 

 

𝑚𝑖 = 0,37464 + 1,54226𝜔𝑖 − 0,26992𝜔𝑖
2    (12) 

 

 

The binary parameter kij is normally a constant for 

each binary pair.  When utilizing the default kij values in 

Aspen HYSYS and Aspen Plus, the kij values are 

constant for all component pairs except for water/CO2 

and water/H2S where it is a temperature dependent 

function.  Different optimized values for the kij values 

can be found because the parameters may be optimized 

for different conditions, e.g., for accurate prediction of 

either the gas phase or the condensate phase.  For the 

calculation of dew points, it is reasonable to use binary 

interaction coefficients optimized for the gas phase 

(Bråthen et al., 2019).  

The PR and SRK versions used in Aspen Plus are 

equal to the Aspen HYSYS versions shown in (1) to 

(12), except that some of the numerical values are 

slightly different. Especially the coefficients in the mi 

expressions (8) and (12) are slightly different. 

The parameters in (1) to (12) may be slightly 

different in different process simulation programs.  The 

alfa (αi) parameter in equation (7) can be calculated 

differently.  In the PR-Twu and SRK-Twu models the αi 

parameter is calculated in a different way (Twu et al., 

1991). 

Some references to suggest a kij value for water/CO2 

close to 0.19 are Ziabakshsh-Ganji and Kooi (2012), Li 

et al. (2014) and Bråthen et al. (2019).  Some 

recommends different kij values dependent on emphasis 

on the vapour or liquid phase (Austegard et al., 2006). 

Some values for water/H2S from literature are 0.17 and 

-0.02 optimized for the liquid and vapour phase, 

respectively (Søreide and Whitson, 1992).  A value of 

0.105 has been fitted to the binary mixture of water and 

H2S (Li et al., 2014; Ziabakshsh-Ganji and Kooi, 2012). 
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3  Process Description and 

Simulation Specifications 

3.1 Process description of raw biogas 

compression  

 

Figure 1. A traditional raw biogas compression process 

 

The principle for a traditional raw biogas compression 

process is shown in Figure 1. 

The actual process is discussed in more detail in 

Hovland (2017), Øi and Hovland (2018) and Bråthen et 

al. (2019).  Hovland (2017) has suggested to compress 

the gas to a high pressure, typically above 100 bar, and 

transport it to a facility for upgrading to biomethane 

(almost pure methane).   

As mentioned in Øi and Hovland (2018) and Bråthen 

et al. (2019), condensation during compression is 

regarded to be a problem, and should be avoided.   

 

 

3.2 Simulation specifications 

 

In earlier work, process simulations have been 

performed for different conditions relevant for biogas 

production as in Øi and Hovland (2018) and Bråthen et 

al. (2019).  The models PR, SRK, TST, PR-Twu and 

SRK-Twu were used.  For all the conditions, 

calculations with the default parameters (especially the 

kij for water/CO2) were used.  Simulations with other kij 

values have also been performed.  Phase envelopes 

showing the dew and bubble point curve for a 

temperature and pressure range have been calculated.  In 

the dry gas cases, the HYSYS 2-phase option was 

selected for phase envelope calculations.  In the cases 

including water and H2S, the ComThermo 3-phase 

option was selected. 

As a verification, calculations with Aspen Plus and  

the Stryjek-Vera (1986) model were performed.  In 

Aspen Plus the Peng-Robinson and RKSoave models 

were selected.  The B and D cases are referring to Øi and 

Hovland (2018) and simulated in Bråthen et al. (2019). 

In earlier simulations (Case B) dry biogas with 40 

mol-% methane and 60 mol-% CO2 starts at 37 °C and 

1 bar, is cooled to 10 °C and is compressed to 64 bar.  In 

this work, 1 mol-% H2S is added, and the mol-% 

methane is reduced to 39. 

In earlier simulations (Case D), 59.9 kmol/h 

methane, 40 kmol/h CO2 and 0.1 kmol/h water is mixed 

at 37 ºC and 1 bar, cooled to 10 °C, and then compressed 

to 64 bar.  In this work, 1 mol-% H2S is added, and the 

mol-% methane is reduced to 58.9. 

 

 

4 Process Simulation, Results and 

Discussion 

4.1 Simulation of dry methane/CO2 mixture 

including H2S (Case B) 

 

An Aspen HYSYS flow-sheet model of the process for 

the base case simulation is presented in Figure 2. 

 

Figure 2. Aspen HYSYS flow-sheet for compression and 

cooling 

 

In earlier calculations without H2S, Case B was of 

interest because a 40 % methane and 60 % CO2 has a 

dew point close to 0 °C.  Earlier evaluations from Øi and 

Hovland (2018) and Bråthen et al. (2019) have shown 

that below 60 mol-% CO2, no condensation should 

appear if the temperature is kept above -3 °C. 

 

Table 1. Dew point at 64 bar, cricondenterm and 

cricondenbar for a mixture of 39 mol-% methane, 60 mol-

% CO2 and 1 mol-% H2S (Case B)  

Model TDEW TCRIC (ºC) PCRIC (bar) 

PR Hysys -4.4 -0.5 89.5 

SRK Hysys -4.3 -0.2 88.4 

TST Hysys -2,3 -1.3 82.6 

PR-Twu Hysys -5,3 -1.5 90.0 

SRK-Twu Hysys -4,8 -0,7 90.5 

PR Aspen Plus -4.3 -0.7 88.1 

SRK Aspen Plus -1.8 2.1 82.8 

 

The results in Table 1 are similar to the results from 

Øi and Hovland (2018) and Bråthen et al. (2019).  The 

results in Aspen HYSYS and Aspen Plus are not 

identical due to slightly different model parameters.  

The dew points are typically 1 K and for all the cases 

less than 3 K higher than the calculations for mixtures 

without H2S.  These deviations are slightly less than the 

deviation in calculated dew point between different 

models used. 
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Also when H2S is included, the calculated 

cricondenterms with different models have a maximum 

deviation of less than 2 K.  It is concluded that the results 

can be expected to be fairly accurate for all the models 

evaluated.  Even with 1 mol-% H2S, no condensation 

will appear above 0 °C in a dry biogas with more than 

40 mole-% CH4.  This was also the conclusion without 

H2S from Hovland (2017), Øi and Hovland (2018) and  

Bråthen et al. (2019). 

The phase envelope from Aspen HYSYS is shown in 

Figure 3.  The dew point curve is to the right.  The point 

with the highest temperature is the cricondenterm.  The 

point with the highest pressure is the cricondenbar.  In 

the critical point for the mixture, the compositions in 

both phases are equal. 

The phase envelope in Figure 3 is very close to the 

phase envelope in Bråthen et al. (2019) which was 

calculated without H2S.  This is the same comparison as 

the comparison of Table 1 which was also compared 

with simulations without H2S. Even in the region close 

to the critical point and at the maximum pressure, the 

deviation in temperature seems to be less than 2 K.   

These simulations indicate that the calculated dew 

points and phase envelopes for dry biogas including up 

to 1 mol-% H2S are reasonably accurate for all the 

models tested. 

 

 

Figure 3. Phase envelope, Peng-Robinson, CH4=0.39, 

CO2=0.6, H2S=0.01. PR with default kij values. 

 

4.2 Simulation of compression of a raw 

biogas including water and H2S, Case D 

The process (Case D) was simulated with water and H2S 

included.  The simulations are similar to the simulations 

in Bråthen et al. (2019) and in this work 1 mol-% H2S is 

added and the mole fraction of methane is reduced 

correspondingly.  The results are shown in Table 2. 

Table 2.  Dew point at 64 bar, cricondenterm and 

pressure at cricondenterm for a mixture of 58.9 mol% 

CH4, 40 mol% CO2, 1 mol% H2S, 0.1 mol% water, CaseD 

 

Model 

TDEW 

(ºC) 

TCRIC 

(°C) 

PCRIC 

(bar) 

XH2S 

PR 26.3 -21.1 83.9 0.00062 

SRK 26.7 -20.7 83.1 0.00058 

PR(kij=0.105) 26.4 -21.1 83.9 0.000067 

PR(kij=0.105) 

kH2O/CO2=0.19 
29.5 -21.1 83.9 0.000063 

PRSV 27.0 -22.0 83.5 0.000091 

TST+kij 28.6 -18.1 80.6 0.00062 

PRTwu+kij 28.4 -22.1 83.6 0.00061 

SRKTwu+kij 28.6 -21.5 84.2 0.00058 

 

 

In the work of Bråthen et al. (2019) other models 

were also used.  The deviation between the models were 

small.  The dew point temperatures in Table 2 were also 

calculated in Aspen Plus (Bråthen et al., 2019) in 

simulations without H2S with other models like PR and 

SRK.  The results were very close to the results using 

Aspen HYSYS. When using PR and SRK in Aspen Plus 

the results were identical in the two programs. There 

were deviations of up to 7 K between the dew point 

temperature dependent on kij values. 

The calculated cricondenterm values in Table 2 are 

very much lower than the values in Bråthen et al. (2019).  

This is probably because the values in this work were 

calculated without taking water into account. To 

evaluate the actual cricondenterm values, it is 

recommended to analyse the phase envelope in Figure 

4 with the similar phase envelope in Bråthen et al. 

(2019).  The dew point curves to the right in the figures 

are similar, and that is most relevant in this evaluation. 

  

 

4.3. Fitting of binary parameter for 

water/H2S based on literature data. 

 
In (Bråthen et al., 2019) the binary parameter (kij) for 

water/CO2 was varied to give a good fit to experimental 

dew point data for typical biogas compositions.  For 

mixtures with a methane/CO2 mole fraction ratio of 

50/50 and 70/30, an average value of 0.19 was 

calculated.  This was recommended (Bråthen et al., 

2019) to use for calculating dew points in biogas 

mixtures. 

When adding up to 1 mol-% H2S to a biogas mixture, 

the results in this work indicate that the dew point 

temperature is influenced to a low degree by varying the 

binary parameters (kij for water/H2S).  The solubility of 

H2S in water is however considerably influenced by the 

kij for water/H2S. 

SIMS 61

DOI: 10.3384/ecp20176300 Proceedings of SIMS 2020
Virtual, Finland, 22-24 September 2020

303



 

In Table 2, the models giving similar H2S solubility, 

gave a ratio of the partial pressure of H2S (= 0.64 bar) 

and mole fraction H2S between 1030 and 1100 bar.  This 

can be seen as a Henry’s constant, but at the pressure of 

64 bar, the gas is not ideal, so as a Henry’s constant, it 

is inaccurate.  In Chapoy et al. (2005) similar ratios at 

25 °C can be calculated to values between 540 and 550 

bar (approximately the H2S Henry’s constant) at total 

pressure between 5 and 7 bar in a water/H2S system.  

The Henrys constant at 25 °C from NIST (2020) is 560 

bar (0.10 mol/(kg.bar)).   

To compare calculated Henry’s constants with 

literature data, simulations with 1 mol-% H2S and 99 

mol-% water were performed.  At 25 ºC, the ratio was 

calculated to 670 bar with kij = -0.034 (default) and to 

6300 bar with kij = 0.106.  This indicates that the default 

kij give a Henry’s constant close to literature data at a 

low pressure.  Using a kij value of 0.106 which is cited 

in some literature sources (Chapoy et al., 2005; Li et al., 

2014) will give a wrong H2S solubility by an order of 

magnitude.   

 The kij for the water/H2S binary was adjusted to fit 

the Henry’s constant (547 bar) at 25 ºC and the result 

was –0.036.  When using the PR and SRK models in 

Aspen HYSYS and Aspen Plus, the default temperature 

dependent kij values give so reasonable results that it is 

not recommended to change the default kij values.   

 

4.4. Phase envelope calculations 

 
The phase envelope for PR, kij=0.19 for water/CO2 and 

default kij for water/H2S, is shown in Figure 4. 

Figure 4. Phase envelope for PR model, 58,9 mol% 

CH4, 40 mol% CO2, 1 mol% H2S, 0.1 mol% water: kij 
=0.19 for water/CO2, kij = default for water/H2S 

The phase envelope in Figure 4 can be compared to 

a similar phase envelope from Bråthen et al. (2019) 

without H2S included.  The dew point line to the right in 

the figure deviate with less than about 2 K for the whole 

pressure range, compared to the figure without H2S from 

2019. This gives the conclusion that the inclusion of H2S 

only slightly influence the dew point temperature 

calculations.  Figure 4 shows however that there are 

some additional curves to the left in the figure.  These 

are however at temperatures below 0 ºC.  In a raw biogas 

mixture, temperatures below 0 °C would give the risk of 

ice formation and hydrate formation.  The temperature 

range below 0 ºC is not evaluated in this work.   

In general, it is expected that the uncertainty in dew 

point calculations increases when the pressure increases 

and the mixture is close to the critical point which is 

about 70 bar (Øi and Hovland, 2018; Bråthen et al., 

2019).  The range with an uncertainty less than 4 K in 

calculated dew point with PR or SRK with one constant 

kij value (0.19) is for the range of temperatures 0-40 ºC, 

pressures up to 70 bar and CH4 concentration above 30 

mol-%.  This uncertainty is not significantly increased 

by a H2S content up to 1 mol-%. 

 

5  Conclusion 

Specified mixtures of raw biogas with and without water 

have been simulated at different temperatures and 

pressures.  The effect of adding up to 1 mol-% H2S to 

the mixtures have been evaluated.  Dew points have 

been calculated with different models and with different 

binary parameters.  For some conditions, phase 

envelopes have been calculated and different models 

have been compared.  

For mixtures of methane and CO2 with up to 1 mol-

% H2S (a high value for biogas), the different models 

gave similar results.  Under normal ambient 

temperatures (above 0 °C), a mixture with more than 40 

mol-% methane will not give any condensation.  When 

the H2S increased from 0 to 1 mol-%, the dew point 

temperature increased with typically 1.0 K.  A phase 

envelope for biogas with 1 mol-% H2S is only slightly 

different from an earlier calculated phase envelope for 

biogas without H2S. 

When raw biogas is cooled or compressed, water will 

condense first. Some H2S will dissolve in the water, and 

the amount of calculated H2S dissolved in water varied 

significantly with the model and on the selected binary 

parameter for water/H2S.  Using the Peng-Robinson 

model with binary coefficients fitted to H2S solubility 

either in the vapor or the liquid phase, gave results for 

the H2S solubility in water with a factor of 10 in 

difference.  For biogas simulation, it is recommended to 

select a binary parameter (fitted to -0.036 at 25 ºC for 

PR) that fits experimental data for H2S solubility in 

water. 
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