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Abstract: Natural gas in Republic of Croatia is being produced from three main regions: Sjeverni Jadran, Duboka Podravina and
Medimurje. The natural gas produced from Medimurje region has been taken as an example for modelling the dehydration process
because, compared to natural gas from Duboka Podravina region, it contains higher amount of acid gases. The associated gas with
much smaller content of acid gases, currently being flared at region site called Istocna Hrvatska, has been taken as a second example.
The comparison of these two cases has shown the effect of acid gases to the dehydration process efficiency. In both cases, absorption by
triethylene glycol is chosen. Due to a large discrepancy in acid gas content, water content difference observation is much easier.

Modelling of the dehydration process has been made in Aspen Hysys software.
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1. Introduction

In general, natural gas is a mixture of hydrocarbons with
minimum amount of inorganic compounds, such as water, carbon
dioxide and hydrogen sulfide (Mokhatab and Poe, 2012.).
Croatia’s natural gas is being produced from three regions. Gas
from Sjeverni Jadran region is dry gas, while the gas from
Duboka Podravina and Medimurje region is gas with high content
of impurities and water (Kuresi¢, 2016.). Such gas needs to be
treated so that it could meet the quality requirements for
transportation.

In this paper, only the process of dehydration was considered.
Two examples of gas were taken. The first one is gas with high
amount of acid gases (gas from Medimurje region) and the
second one is associated gas with much smaller amount of acid
gases currently being flared at site. The main idea was to show
what effect do acid gases have on the dehydration process
efficiency. Due to large difference in acid gas amount, it’s easier
to observe water content difference.

2. Gas treatment

When the gas is produced, it needs to be treated so it could
satisfy requirements for transportation. The two examples, shown
in this paper, are natural gases with impurities. The first example
is sour gas with high amount of acid gases (composition shown in
Table 1.).

Table 1. Sour natural gas (modified from Kuresic, 2016.)

Compound Mol %
Methane 26,10
Ethane 2,50
Propane 1,22
i-butane 0,78
n-butane 0,68

CO, 68,70
H,S (ppm) 200

Usually, when natural gas contains a higher amount of acid
gases and doesn’t meet requirements for transportation, it has to
be cleaned before entering the dehydration process. But for the
purpose of this paper, sour gas directly enters the dehydration
process. The second given example is associated gas with much
smaller amount of acid gases in its stream. Composition of this
gas is given in table 2.

Table 2. Associated gas (modified from Preklushaj, 2019.)

Compound Mol %
Methane 87,87
Ethane 3,58
Propane 4,05
i-butane 1,89
n-butane 1,85

CO, 0,40
Nitrogen 0,36
H,S (ppm) 11,79

The modelling of dehydration process has been conducted in
Aspen Hysys process modelling software, and glycol used for the
process is TEG (triethylene glycol).

The first step in process modelling is to define all components
that will be included in dehydration process (such as TEG and
water). After defining the components, the fluid package needs to
be selected, and for this type of process, Glycol package is
necessary (Figure 1. and Figure 2.).

Figure 1. Component list
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Figure 2. Selected fluid package
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The next step is to enter the simulation environment and to
design the complete gas treatment process.

Primarily, the gas and TEG streams compositions and
conditions are defined. In first case — sour gas is directly saturated
with water, when in second case, the Gas stream is mixed with
pure H,S stream, to get the pointed amount of H,S in ppm. Then
— associated gas stream (composition shown in table 2) is
ultimately saturated with water (Figure 3 and Figure 4).
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Figure 3. Defining of sour gas composition
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Figure 4. Defining of associated gas composition

Obtained raw gases streams then enter the bottom stage of
dehydration column, with TEG entering the top stage of the same
column. Inside the column design window, all process conditions
are defined so column can be converged. After the convergence,
the dry gases exit the column on the top stage, and rich TEG on
the bottom — which then circulates towards further treatment
(Figure 5).
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Figure 5. Dehydration column design window

TEG stream is depressurized and preheated in heat exchanger
before it enters the regeneration column. Column is defined and
converged in design window, where all streams entering and
leaving are shown (Figure 6).
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Figure 6. Regeneration column design window

Regenerated TEG is precooled in heat exchanger and mixed
with makeup TEG. Mixture is then pumped back to the beginning
of process — dehydration column. Complete process scheme is
shown in Figure 7.

Figure 7. Dehydration process scheme

3. Results

Conditions of inlet gas streams in both cases have been the
same, and can be seen in table 3.

Table 3. Gas stream conditions

Associated gas/ Sour gas
Temperature 32,00 | °C
Pressure 70,00 | bar
Molar flow 250000 | m%d

As mentioned earlier, the difference between two gas inlets is
the acid gas content, at the same TEG stream conditions (shown
in table 4.) for dehydration process.

Table 4. TEG stream conditions

TEG
Temperature 35,00 | °C
Pressure 70,00 | bar
Std Ideal Lig Vol Flow 1000 | I/h

For the purpose of this paper, only dry gas streams (gas outlet
from dehydration column) have been observed and compared.
Two variables of interest have been water dew point and water
content of dry gas stream. These variables are shown in table 5.
and table 6.

Table 5. Dry gas stream after dehydration of sour gas
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Dry gas
Temperature 32,84 | °C
Pressure 69,00 | Bar
Molar flow 248700 | m%d
Water content 58,36 | mg/Nm?
Water dew 17,67 | °C
point

Table 6. Dry gas stream after dehydration of associated gas

Dry gas
Temperature 32,56 | °C
Pressure 69,00 | Bar
Molar flow 249800 | m%d
Water content 32,30 | mg/Nm?
We_lter dew 0,1167 | °C
point

As it can be seen, there is a rather big discrepancy of targeted
values. Reason for this is better water saturation in sour gas due
to higher amount of acid gases (Terrigeol et al., 2015.). Also,
dehydration process of sour gas generate higher TEG solution
losses than the dehydration process of associated gas. In the first
case, the loss of TEG solution is 0,0748 I/h, and for the second
case the loss is 0,0377 I/h, which is a significant difference.

4, Conclusion

After the dehydration process, dry gas streams have different
water content and water dew points. It can be concluded that high
amount of acid gases has a significant effect on these variables.
Also, dehydration process of sour gas would result in more
expenses regarding to requirement of more TEG makeup. Due to
the higher water content in the dry gas stream after sour gas
dehydration, the process itself is less efficient.

Another issue is of technical nature, since system corrosion
velocity increases more in acid than in sweet environment. In
addition, there is a problem with hydrate formation and acid gas
content has a negative impact on the temperature of their
formation.
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