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Abstract

Acid gas removal from the natural gas using alkanolamine processes is the most
common technology used for sweetening of natural gas. Based on the sour and sweet gas
specifications, several alkanolamine solutions can be used for acid gas removal, all of which
are well developed processes. However, one of the remaining issues is the costs associated
with the processes. In this study, DEA, DGA and mixed (MDEA+DEA) processes are designed
for sweetening the natural gas produced in one of the gas fields having high CO,/H.S ratio.
For each process, seven scenarios are designed to investigate the effects of the cooler’s
operating parameters on the performance of the process. For each scenario, the duty of the
cooler is varied in order to have a specific lean amine temperature entering the absorber.
Each scenario is simulated using Aspen HYSYS and economically evaluated using Aspen
economic evaluation. Based on the results of this study, the required solution circulation
rates slightly increases when the lean amine temperature increases. However, Lower
process capital costs and lower cooler’s duty were obtained by operating the DEA and DGA
processes at higher values of lean amine temperature. Also, operating at lower lean amine
temperatures resulted in lower hydrocarbon pick up in case of MDEA+DEA process.
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Introduction

The processes using Alkanolamine solutions for acid gas removal from natural gas are
the most common processes used for the removal of acid gases from natural gas. The
alkanolamine processes are well developed processes, each of which is suitable for
sweetening the natural gas with certain sour and sweet gas specifications [1-9]. However,
one of the main issues is the large costs associated with these processes [10-12]. Numerous
studies have been carried out to reduce the costs associated with these processes.

Polasek et al studied alternative flow schemes for natural gas sweetening [11], Bae et
al studied split flow configuration for the process [13], Warudkar et al studied the effects
of stripper operating parameters [10], Cousins et al studied modifications on the process
flow sheet [14], Sohbi et al and Fouad et al studied effects of using mixed alakanolamines
[6, 7], Kazemi et al and Ghanbarabadi et al performed comparative studies between
different processes [15, 16], Nuchitprasitichai et al, @i et aland Mores et al used optimization
techniques [12, 17, 18] Freeman et al proposed using concentrated piperazine mixtures [8]
and Banat et al used energy analysis method [19] for reducing costs and energy
requirements of the sweetening processes.

For the sweetening of the natural gas with certain specifications, several processes
might be applicable. One of the questions which arise in these situations is that which
process is the most economical process to be used for sweetening of the natural gas with
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these specifications? Also, one of important parameters which
affect the costs associated with a sweetening process is the lean
solution temperature entering the absorber. Changing the lean
amine temperature might have an impact on the solution flow
rate needed in order to reach the wanted specifications of sweet
natural gas which strongly affects the costs associated with the
natural gas sweetening processes. On the other hand, the
choice of lean amine temperature, affects the duty that is
needed to be applied on the cooler. Another question is that at
what temperature, should the lean solution enter the absorber
in order to have the best economic performance? In this study |
tried to answer these two questions for the case of the natural
gas produced in a gas field having high CO,/H,S ratio, which has
relatively high CO, and low H,S contents and has low pressure.

In this study, the effects of cooler's operating parameters are
investigated. The DEA, DGA and mixed(MDEA+DEA) processes
are designed for sweetening of the natural gas produced in a
gas field having high CO,/H_S ratio. Seven scenarios are designed
to investigate the effects of cooler's operating parameters on the
performance of the processes. Each scenario is simulated using
Aspen HYSYS and economically evaluated using Aspen economic
evaluation. The results of simulation and economic evaluation
are then studied to select the optimum operating conditions for
the process's cooler. Although there have been some studies on
the effects of lean amine parameters on the performance of the
sweetening processes [20], | couldn't find a comprehensive
research, studying the suggested target parameters for the
selected processes.

Feed gas specifications

All the three processes are designed for sweetening the
natural gas produced in a gas field having high CO,/H,S ratio.
The sour gas produced in this field has the specifications. It
can be seen from the data presented that the natural gas
produced in this gas field has high CO,/H,S ratio, high CO,
content, low H,S content and low pressure. Thus, it is expected
that the results of this study would be applicable for
sweetening of the natural gas produced in similar gas fields.

In this study, the desirable sweet gas specifications are
supposed to be concentrations lower than Tmol% CO, and
lower than 4ppm H_S.

An overview of the three processes

Alkalonomines are widely used for acid gas removal from
natural gas [1, 15, 21-26], they are classified to primary
amines, secondary amines and tertiary amines based on the
number of alkyl groups having bonds with the N atom in the
structure of amino group. The most common alkanolamines
used are Monoethanolamine (primary), Diethanolamine
(secondaray) and methyldiethanolamine (tertiary) [15, 25-29].
Selection of an alkanolamine process for sweetening of
natural gas affects the capital and operating costs, energy
requirements, sizing of the equipment and in some cases the
type of equipment needed for sweetening [25, 27]. The
alkanolamines absorb the acid gases from natural gas via
reactions (1-2) [17, 30].

Secondary amines: CO,+ R,NH « R,NH*COO~ (M
Tertiary amines: CO, + RN + H,O & RNH* + HCO," )
DEA

Diethanolamine, abbreviated as DEA is a secondary
amine, aqueous solutions of which are used to absorb
hydrogen sulfide and carbon dioxide from natural gas [25, 26,
31]. Many products such as COS, CS,, SO, and SO, can catalyze
degradation or deactivation of alkanolamine solutions [2, 32].
Due to low reaction rate with CS, and COS, when considerable
amounts of CS, and COS are present in the sour gas, DEA and
other secondary amines are the better choice for natural gas
sweetening [25, 26]. DEA solutions are rather unselective and
could be used for absorption of either H,S or CO, from the
natural gas [26]. DEA solutions are industrially used with
concentrations between 25-40wt% [27, 33]. The DEA
sweetening process is simulated using Aspen HYSYS simulator
and the different cases of simulation are economically
evaluated using aspen economic evaluation (Icarous), the
results are compared to that of DGA and MDEA+DEA
processes. For simulation of this process, the DBR-Amine
property package has been used. The simulation flow sheet is
shown in Figure 1. A tray absorber with 20 theoretical stages
was used. Also, a tray column with 18 theoretical stages was
used for modeling the regenerator column. The pressure of
the regenerator varies between 27.5 psia (condenser) to 31.5
psia (reboiler). The rich DEA pressure is reduced to 90 psia in
the valve and no pressure drop was assumed in the two phase
separator.

2

-

Regenerated

Figure 1. The simulation flow sheet for the DEA sweetening process

DGA

Diglycolamine is a primary amine used for natural gas
sweetening. The low vapor pressure of DGA allows using
aqueous solutions of this amine in rather high concentrations
(40-70 wt%) for natural gas sweetening which results in low
amine circulation rates needed for the natural gas sweetening
[25, 33]. DGA solutions are particularly effective for treatment
of low pressure natural gas. DGA has a tendency to selectively
absorb CO, in presence of H,S [33], however DGA absorbs
aromatic compounds which causes the sulfur recovery unit to
be more complicated [34], thus, DGA is a good choice for
sweetening of natural gas with relatively high CO,
concentration. Based on these statements, DGA is selected as
one of the alternatives for sweetening of natural gas with the
specifications. In this study a 65wt% aqueous solution of DGA
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is used for sweetening of the natural gas. Aspen Hysys and
Aspen economic evaluation have been used for simulation
and economical evaluation of this process. The DBR-Amine
property package was used for simulation of this process. The
simulation flow sheet for this process is shown in Figure 2. A
tray absorber with 20 theoretical stages was used. Also, a tray
column with 20 theoretical stages was used for modeling the
regenerator column. The pressure of the regenerator is set to
24 psia. The rich DEA pressure is reduced to 25 psia in the
valve and no pressure drop was assumed in the two phase
separator.
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Figure 2. Simulation flow sheet for the DGA sweetening process

MDEA+DEA

Methyldiethanolamine (MDEA) is a tertiary amine known
to have higher selectivity in absorbing H.,S in presence of CO,
[27]. The reaction of MDEA with H.,S is almost instantaneous
while its reaction with CO, is occurs at lower rates. However,
numerous studies show that addition of small amounts of
primary or secondary amines to a tertiary amine causes the
overall CO, absorption rate of the process to increase [6, 25,
27, 33, 35-37]. For sweetening of the natural gas, because of
relatively high CO, content in the sour gas, | decided to add
10wt% percent of a secondary amine (DEA) to the solution to
increase the CO, absorption rate of the MDEA process which
can make this process a promising process for sweetening of
the natural gas described in section 2. The other reason for
mixing the suggested amine solutions is to combine the
reactivity of the secondary amine and relatively low
regeneration energy requirements of tertiary the amine.
MDEA’s typical concentration in aqueous solutions is 30-
50wt% in industrial applications. In this study an aqueous
solution of 40wt% MDEA and 10wt%DEA is selected for
sweetening the natural gas introduced in section 2 which is
one the cases with the best performance regarding absorption
of CO, [6]. Aspen HYSYS is used for simulation of this process
and Aspen economic evaluation is used for economically
evaluating this process. The DBR-Amine property package is
used for simulation of this process. The simulation flow sheet
is shown in Figure 3. A tray absorber with 20 theoretical stages
was used. Also, a tray column with 20 theoretical stages was
used for modeling the regenerator column. The pressure of
the regenerator is set to 24 psia. The rich DEA pressure is
reduced to 25 psia in the valve and no pressure drop was
assumed in the two phase separator.

P=lidpia  MiedAmieAdd  pad
T=307C GasAbsober  amine

Figure 3. Simulation flow sheet for the mixed (MDEA+DEA)
sweetening process

Results and discussion
Simulation results and operating conditions

For each of the three processes, seven different scenarios
have been designed for studying the effects of cooler's
operating parameters on the performance of the three
sweetening processes. Each of these scenarios, shows the
characteristics of the system at a certain operating condition
of the cooler. The cooler’s duty in each scenario is varied until
the lean solution temperature reached the designed value. In
each scenario, the process's parameters are changed in such
a way to reach concentrations lower than 1mol% CO, and
lower than 4ppm H_S for the sweet natural gas.

In simulation of these processes, the minimum temperature
approach for all of the heat exchangers has been assumed to
be 10°C and the pump's adiabatic efficiency was set at 75%.

After completing the simulation of three processes, for each
process these seven scenarios are applied and the process is
economically evaluated using aspen economic evaluation v7.3.

One of the most important characteristics of a sweetening
process is the circulation rate (gpm) of the solution [15, 38].
Increasing the solution flow rate causes the capital and
operating costs, sizing of equipment and energy requirements
of the process to increase [15, 25, 39]. The results of solution
flow rate of the processes in different scenarios are shown in
Figure 4. It is clear from the data presented in Figure 4 that
the amine circulation rate for the mixed amine process is
higher than that of DGA and DEA in seven scenarios. It is also
shown in Figure 4 that when the lean amine temperature
increases, the solution flow rate needed for each process
slightly increases and the minimum required solution
circulation rate is observed at the lowest lean amine
temperature. As mentioned earlier, increasing the solution
flow rate in a sweetening plant causes the plant’s capital and
operating costs along with the energy requirements and
sizing of the equipment to increase. On the other hand,
reducing the temperature of the lean solution requires larger
duty of the cooler. This larger duty could be obtained by
increasing the contact area of heat exchanger or changing the
cooling material, in either way, this change will cause the
plant's operation to be more expensive. Based on these
statements, it seems that there should be an optimum point
of operation for the cooler of a sweetening plant. In this study
| tried to find this point for three different sweetening
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processes. As shown in Figure 4, the solution circulation rate
for the mixed process is significantly higher than solution
circulation rate of the DEA process. This observation is
attributed to be due to the fact that methyldiethanolamine
selectively absorbs H,S and has lower capacities for absorption
of CO, [25, 26, 40].
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Figure 4. Effects of the lean amine temperature on the required
solution circulation rates

Another important aspect of operation of sweetening
processes is the fraction of hydrocarbons absorbed into the
solution in the contactor. Based on previous studies, the
hydrocarbon co-absorption is mainly a disadvantage of physical
and physical-chemical solutions [9, 25, 27, 41, 42], however, |
examined this parameter on the three chemical absorption
systems to verify the simulation results. As shown in Figure 5,
although for the mixed amine process at lower temperatures
hydrocarbon pick up is enhanced, the hydrocarbon pick up by
the solution remains at a very low rate for different cooler’s
operating conditions in the three processes. The maximum
hydrocarbon pick up by the solution in the 21 simulation
scenarios was 0.0004 for the mixed amine process. It is also
observed in Figure 5 that at temperatures higher than 45°C, the
hydrocarbon pick up by the MDEA+DEA process decreases.
However the hydrocarbon pick up by the DEA and DGA
processes is not affected by lean amine temperature.
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Figure 5. Effects of the lean amine temperature on the rich amine
hydrocarbon pick up

Hydrocarbon fraction absorbed in amine solution

Since the chemical reactions leading to absorption of acid
gases into the alkanolamine solutions are exothermic [25, 43-
45], it is expected that the temperature of rich amine be higher
than that of the lean amine entering the contactor and the
temperature difference between these streams can be a
parameter showing the intensity of absorption process in the
contactor. In Figure 6 and Figure 7 the temperature difference
between rich and lean amine streams, and the rich amine
temperatures are shown. Based on the data shown in Figure 7,
the temperature of reach amine increases when the lean amine
temperature entering the contactor is increased. However, for
the three processes the temperature difference between the
two streams decreases with increasing the lean amine
temperature. For the DEA process, the rich amine temperature
is even lower than the temperature of leanamine at lean amine
temperatures higher than 35°C. This observation is attributed
to be due to higher heat transfer between the cold feed gas (at
21°C) and the lean amine due to increase in temperature
difference between feed gas and the lean amine streams.

Another important issue that must be addressed here, is that
therichaminetemperature directly affects the energy requirements
of the system because the rich amine at the bottom of contactor
needs to be regenerated at high temperatures. Thus, when the
rich amine temperature is increased, the system's energy
requirements (or heat exchanger's contact area) will decrease.
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Another important characteristic of the sweetening
processes is the energy requirements. The lean amine
temperature directly affects the duty that needs to be applied in
the cooler. Lean amine temperature also affects the stripper’s
energy requirements and the heat exchanger duty. Figure 8
shows that when the lean solution temperature decreases, the
cooler's duty increases for the three processes which is an
expected observation because the temperature difference
around the coolerincreases by decreasing the outlet temperature.
The minimum cooler duty is observed at the highest lean amine
temperature which is in accordance to the expected trend. It is
also shown in Figure 9 that the heat exchanger duty follows a
reducing trend by increasing the lean amine temperature.
Another important observation in Figure 9 is considerably lower
heat exchanger duty for the DGA process compared to DEA and
MDEA+DEA processes. This observation is because of the fact
that the temperature of the rich amine in the DGA process is
considerably higher than that of the other two processes. Low
cooler and heat exchanger duty of the DEA process are also
attributed to be due to lower solution circulation rate of this
process compared to the DGA and MDEA+DEA processes.
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Figure 8. Effects of the lean amine temperature on the cooler's duty
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Figure 9. Effects of the lean amine temperature on the heat
exchanger’s duty
After completing simulation of seven scenarios for each of
the processes, each scenario is economically evaluated using
aspen economic evaluation. It has been assumed that the

projects are about be constructed in 2014. The results are
obtained in US$ or US$/year for different scenarios. Parameters
such as complexity of the processes, start date and level of
instrumentation are taken into account for estimation capital
and operating costs of the processes. As shown in Figure 10,
based on the results of economic evaluation, the capital costs
of the MDEA+DEA process passes through a minimum when
the lean amine temperature reaches 40 °C. Also it is clear that
with increasing the lean amine temperature from 30 °C to
60°C, the capital costs of the DEA and DGA processes follow a
decreasing trend. The lowest process capital cost is obtained
when the DEA process is used and the lean amine temperature
of this process is the maximum examined temperature and the
capital costs of the DGA process are slightly higher than capital
costs of the DEA process.
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Figure 10. Effects of the lean amine temperature on the capital
costs of the processes

The annual operating cost results of the seven scenarios
simulated for each of the processes are shown in Figure 11.
According to the data shown in Figure 11, the annual
operating costs of the three processes are not strong functions
of the lean amine temperature. These observations can be
justified by undermining the data shown in Figure 8 and
Figure 9. It was mentioned earlier that the stripper’s reboiler
duty doesn't vary with changing the lean amine temperature,
also, it was mentioned that decreasing the lean amine
temperature has a positive effect on the heat exchanger’s
duty and a negative effect on the cooler's duty. Based on
these information it is concluded that the negative and
positive effects of this change are not very steep or that these
effects neutralize each other and this the reason that no
discernable change in utility costs and subsequently annual
operating costs of the system is reported. It is also clear from
Figure 11that the annual operating costs and utility costs of
the DEA process are lower than that of the DGA and the
MDEA+DEA processes.

Considering a life cycle of 25 years for operating the three
processes, the dominant costs associated with the processes
are the annual operating costs and utility costs. From the data
shown in Figure 11 it is observed that the annual operating
costs and utility costs of the DGA and DEA processes are not
affected by the choice of lean amine temperature, so for these
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two processes, the lean amine temperature doesn't play a
crucial part in the costs of the processes. However, for the
MDEA+DEA process, the results are more complicated and
the annual operating costs of the process don't follow a
simple trend and the minimum annual operating costs are
observed at lean amine temperature of 30°C. Considering a
life cycle of 25 years, this temperature shows the best
economic performance for this process.
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Figure 11. Effects of the lean amine temperature on the annual
operating costs of the processes

Based on the fore mentioned discussions, there are
several advantages in operating the DGA, DEA and MDEA+DEA
sweetening processes with higher lean amine temperatures.
Lower process's capital costs, lower rich amine hydrocarbon
pick up in case of MDEA+DEA process and lower cooler’s
duty are obtained by operating the process at higher lean
amine temperatures.

An improvement to the results of this research can be
investigation of cost and energy requirements of other
suitable sweetening processes. Investigating costs and energy
requirements of other suitable processes for the sweetening
of natural gas with specifications close to the natural gas that
i have considered, can be the topic of future studies.

Conclusion

Effects of cooler's operating parameters on the
performance of three sweetening processes designed for
sweetening the natural gas produced in a gas field having
high CO,/H,S ratio (with the specifications described in
section 2) have been investigated. DEA, DGA and MDEA+DEA
processes have been selected for sweetening the natural gas
produced in this gas field. Each of these processes was
designed in such a way to reach concentrations lower than
1mol% CO, and lower than 4ppm H,S for the sweet gas.

Based on the results of this study, for DEA and DGA
processes, in the range of lean amine temperature between
30 °C - 60 °C, operating the processes with higher lean amine
temperature exhibit several advantages. Lower process’s
capital costs, lower rich amine hydrocarbon pick up in case of
MDEA+DEA process and lower cooler's duty were obtained
by operating the processes at higher values of lean amine

temperature. Although the circulation rate of the solution
needed to reach concentrations lower than 1mol% CO, and
lower than 4ppm H,S for the sweet gas slightly increased
whenthe leanaminetemperatureincreased, itisrecommended
to operate the DGA and DEA sweetening processes at higher
lean amine temperatures.

An improvement to the results of this research can be
investigation of cost and energy requirements of other
suitable sweetening processes. Investigating costs and energy
requirements of other suitable processes for the sweetening
of natural gas with specifications close to the natural gas that
| have considered, can be the topic of future studies.
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