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ABSTRACT

A dynamic, non-equilibrium model of Monoethanolamine (MEA) absorption column
with operating pressure of about 15 bar was proposed. The MEA solution used in this
model to absorb CO, from the natural gas. As far as the oil and gas industry had been
developing in quite high pace, the method of absorption of CO; using MEA is still
widely used around the world. For the common fact among people in the oil and gas
industry that the high content of CO will cause problems to their operation, thus
removing CO; from the natural gas itself had become necessary to ensure smooth
operation of the oil and gas industry. Aside from that CO» gas, other important sour
gas exists in the natural gas is H>S but in this project, the gas that had been study is
only CO» because this is to make sure the project stay within the timeframe given and
also to shrink the scope of study as to get more accurate and precise result in the future.
To make the dynamic model successful, model in steady state need to be develop first
and 1n this project, the steady state model was develop using software, Aspen Plus and
all the data for completing the simulation had been acquired from the real pilot plant
that operate at 15bar and use FLEXIPAC 1Y type of absorber column. The thing that
need to be analyze in the dynamic simulation of the MEA absorption model is the
effect of changing the lean solvent flow rate and thermodynamic state on the MEA
absorption column behavior. Some other variable will also be analyze and studied
through the simulation model. Some effective controller had been put in the simulation
which is flow controller, temperature controller, pressure controller and level
controller. These controller is important to prevent from overflow of the column and
to make the process more efficient. The project main concern is that we get some
information from the study of previous research paper about MEA absorption column
and most of it use operating pressure of 1 bar and all of this will be put in use for the

actual absorption column in the future.
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CHAPTER1
INTRODUCTION

1.1 Background

Common process of removing acid gas from natural gas were called sweetening
process. This process is a very important process involving upstream oil and gas
industries. Mostly, it is because the concentration of acid gas in the natural gas can
cause corrosion to the pipeline during the transportation of natural gas. Besides, by
removing acid gases, gas volume to be transported can be reduced and calorific value

of solid gas stream can be increased.

Several process of removing CO; (along with H>S) from natural gas had been
developed using the basic action of various amines. Amines can be categorized by the
number of organic group bonded to the central nitrogen atom as primary, secondary or
tertiary. Primary amines form stronger bases than secondary amines, which form
stronger bases than tertiary amines. Most common amines process uses
Monoethanolamines (MEA) and Diethanolamines (DEA). Both processes remove CO»
and H>S to pipeline specification. However, primary amines had been widely used as
gas sweetening agent compared to secondary amines this is because this process is well
proven, can meet pipeline specifications and has more design/operating data available
than any other system. MEA is a stable compound and in the absence of other chemicals
suffer no degradation or decomposition at temperatures up to its normal boiling point.
This project study the operation of sweetening process to the natural gas using dynamic
modelling and simulation and also to develop a simple decentralized control
configuration that maintains the CO2 absorbed and other variable such as temperature,
pressure, flowrate and level that needed to be control as to make sure smooth operation

of a plants.



1.2 Problem Statement

In most upstream oil and gas industry, CO2 content in the natural gas is
normally high and did not meet the specific requirement by buyer. Thus, the sweetening
process of gas is important to make sure the CO2 content in the natural gas meet the
requirement set by the buyer. Apart from meeting the requirements set by the buyer,
the important facts about CO2 content in the natural gas is it can cause corrosion to the
pipeline. CO2 will combine with water to form carbonic acid and this carbonic acid can
cause corrosion, reduces heating value and thus sales value. CO2 usually has to be lower
than 2vol% in the sales gas. Most common sweetening process used is amine absorption

and the primary amines is the popular one for this process.

Absorption process plants usually come with many problems that may cause the
main objective of that plant was not achieve. Some of the problem that can happen
inside the plant is the thermal degradation of the MEA and this is cause by high
temperature of the reboiler. However, if the temperature of the reboiler is too low, the
absorption process efficiency is become low too. This is the main problem that always
arises inside an absorption process plant. Another problem that will occur inside the
absorption plant is, liquid overflow from the absorber column and common cause of
this problem is uncontrolled flow of the liquid solvent. Aside from that, concentration
of MEA also play an important roles in the absorption process. This is because high
concentration of MEA can cause great effect to the absorption process. Lastly, the
operating pressure of the absorption column is also critical factor that can cause large
difference in CO2 absorption rate and to maintain or to control this pressure at optimum

condition is one of the problem that may happen.

Some matter that arises is when water makeup increases or decreases and
slightly effect the concentration of MEA and also when stripper is relinquished. This is
the important factors or problem involving dynamic studies that need to analyze
properly. Furthermore, when disturbances variable such as inlet gas flow rate is

introduced to the process, what happen or what problem may arises to the process or in
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dynamic term what change with time. Some of the studies indicate that with increasing
of inlet gas flow rate, the reboiler temperature will be affected and in spite of that, the
reboiler heat duty also will be affected. That type of scenario is a problem if it cause
the process to be not economically. All of this problem will be try to be solve by this
studies by focusing on dynamic and control studies using simulation (ASPEN

SOFTWARE).



1.3 Objective and Scope of Study

The main objective of this studies is to solve the problem that may arises in the CO»
absorption process from natural gas by focusing on dynamic and control studies. The
objective is to investigate:

1. Important control variable in the absorption plant.

2. Manipulating and disturbances variable that affect the efficiency of the plant.

3. Dynamic behavior in CO> capture process.

4. Applying all study that had been made into the pilot plant of Absorption column

that run with high pressure, 15 bar.

To complete this study, the scope of study need to be state clearly which is:

1. Simulation of dynamic MEA absorption process model.

2. Type of control and how to manipulate the control variables.

3. Focusing on the dynamic behavior only in CO; capture process from natural
gas. (This is to make the project feasible within the timeframe and could be

completed within the allocated timeframe).



CHAPTER 2
LITERATURE REVIEW

This study show that by using dynamic simulation, the plantwide control of an
absorption of CO; capture process using monoethanolemines (MEA) was investigated.
In this process, operating variable such as lean solvent rate and lean solvent loading
will influenced the removal ratio of CO», which is in turn determined by reboiler heat
duty in the stripper. The long term of stability cannot be achieved unless the water
balanced is properly maintained. Hence, the following control structure was proposed.
In this scheme, by using the lean solvent feed rate to the top of absorber column, CO;
removal target is guaranteed. The temperature of the bottom of stripper is controlled by
reboiler heat duty in order to operate process with appropriate lean solvent loading.
Also, by controlling liquid level in the reboiler stripping column by using water
makeup, the overall inventory can be maintained. Optimizing control can be carried out
by adjusting the setpoint of reboiler temperature to ensure minimum energy

consumption (Lin et al. 2013).

Peters et al (2011) stated that a gas sweetening processes for natural gas with
amine absorption process had been analyzed with technical and economic analysis. The
process of natural gas sweetening process is a very important issues for many reasons
such as corrosion caused by the acid gas concentration in the natural gas. Also, the
increases in calorific value of sold gas stream and the removal of acid gases can reduces
the gas volume to be transported. To reduces the atmospheric pollution by emission of
greenhouse gases as CO», the captured acid gases is pumped back in the reservoir. So
far, the largest gas separation application worldwide is processing of natural gas. This

is because almost all crude natural gas streams require treatment to remove impurities



and reduce higher hydrocarbon to meet the pipelines specification. CO; usually has to
be lower than 2vol% in sale gas, thus it is the requirement that generally makes CO>

removal necessary.

To predict the dynamic behavior of CO» capture process, a dynamic rate-based
amine absorption process model has been developed. The proposed mathematical
model, comprised of coupled sets of partial differential algebraic equations, includes
the nonlinear behavior, and was solved using gPROMS. The model was validate using
steady state simulations from Aspen and data available in the literature for this process

(Harun et al. 2011).

Bedelbayev et al. (2007) stated that Emission of carbon dioxide and its possible
negative effect on the climate has gained much interest lately. Although carbon dioxide
has the lowest global warming potential among the greenhouse gases, the emitted
amount into the atmosphere is large and continuously increasing. A large amount of the
emitted carbon dioxide belongs to the energy sector (power plant etc) where the fossil
fuel and natural gas are use. The capturing of carbon dioxide to reduce its release into
the atmosphere is thus of great interest. Several methods exists to capture carbon

dioxide, e.g. the post-combustion, pre-combustion, and oxyfuel methods.

With an increasing demand on load flexibility in power supply networks.
Advanced control systems for plants with carbon capture units gain in significance.
Minimizing the energy demand for carbon dioxide removal under these circumstances
is a major task of such a control strategy. In this work a dynamic model in Modelica of
a chemical absorption process run with an aqueous monoethanolamine (MEA) is
developed. Starting from a rather detailed dynamic model of the process, model
reduction is performed based on physical insight. The reduced model computes
distinctly faster, shows similar transient behavior and reflects trends for optimal steady-
state operations reported in the literature. The model is intended to be used in the
framework of JModelica.org, a platform supporting non-linear dynamic optimization

(Prolb et al. 2011).



CHAPTER 3
METHODOLOGY OF THE PROJECT

3.1 Project Flow Chart

Problem statement and Objective
Identifying the purpose of this study

¥

Literature review
Reading, analyze and collecting information
regarding this project

A

Experiment methodology and
Design
Deciding the SIMULATION tocls, methods and
material and procedure needed to conduct
this project

¥

Data gathering and Analysis
The data of the experiment is collected and
interpreted critically then the result will be

analyze and discuss

> 4

Documentation and Reporting
All the findings in this report will ke
documented and reported. Conclusion and
recommendation will be made at the end of

Figure 3.1 Project Flowchart
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33 Simulation of Steady State model using Aspen Plus

NG flow rate (slpm]) €02 flow rate (slpm) Total gas inlet (g/min) Liguid flow rate (kg/min) CO2 (%) CH4(%) LTO0L(%) PTO03 (barG)
50.23 49.2 103.13 0.53 48.75 52.78 1.85 10.62

Figure 3.2 Feed Data

\Structured packing  20wt% MEA, 0.85 |/min

Tsolvent ="40deg C

\Condition of pcked column : Flexipac 1Y, diameter is 145 mm, height is 1 meter
MEA

Figure 3.3 Column Data

The first step to make the model is to acquire the data from the figure 3.2 for the feed
stream and also the data from figure 3.3 for the absorber column. The data for the
absorber column and feed data had been acquired from the pilot plant with operating

pressure of 15 bar in Universiti Teknologi PETRONAS (UTP).

SWEETGAS

ABSORBER

Figure 3.4 Simulation of Steady State



From the figure 3.2, the feed data acquired has about 50% of Methane

composition and also about 50% composition of CO,.

To make this simulation of steady state successful, some assumption need to be
made. The composition of CO> in the natural gas stream is assume to be about 0.03
mole fraction for the composition and the remaining composition of the natural gas

stream is Methane, 0.97 mole fraction.

The flow rate for the natural gas stream is about 50.24 slpm and the flow rate
for the carbon dioxide stream is about 49.2 slpm and the total inlet will be 103.3 g/min.

The liquid Monoethanolamine (MEA) flow rate is 0.93 kg/min.

The absorption column used is FLEXIPAC 1Y with diameter of 145mm and
height about 1m, the packed structure inside the column consist of three part and the

total height of all the three is about Im.

The figure 3.4 shows the steady state simulation of MEA absorption column

using Aspen Plus software.
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3.4 FLEXIPAC1Y COLUMN

FLEXIPAC structured packing provides a lower pressure drop per theoretical
stage and increased capacity compared to trays and conventional random packings.
Available in multiple materials from traditional stainless steel to high alloys, modern
duplex steel and exotic materials such as titanium and zirconium for customers to

acquire.

FLEXIPAC structured packing is available in two configurations: Y and X, and
the one in the UTP is Y configuration. The ‘Y’ designated packings have a nominal
inclination angle of 45°. They are the most widely used in new installations. While the
‘X’ packings have a nominal inclination angle of 60° from horizontal and are used
where high capacity and low pressure drop are the foremost requirements for a specific
application. The ‘X’ packings provide a lower pressure drop per theoretical stage

compared to the same size ‘Y’ packing.

Efficiency Efficiency

FLEXIPAC® Structured Packing FLEXIPAC® Structured Packing
Size HETP* Size HETP*
700Y 6.31n [160 mm] 1% 13.4 in [340 mm]
5007 9.1 in [230 mm] 350X 14.2 in [360 mm]

1Y 8.3in [210 mm] 1.6X 16.9 in [430 mm]
350y 8.9 in [225 mm] 250X 20.1in [510 mm]
1.6Y 10.0 in [255 mm] 2% 22.4in [570 mm]
250Y 12.4in [315 mm] 2.5% 32.3 in [820 mm]

2Y 13.8in [350 mm] 3x 45.3in [1150 mm]
2.5Y 22.4in [570 mm] 3.5% 61.9 in [1570 mm]

3Y 31.5 in [800 mm] 4X 89.4in [2270 mm]
35Y | 433in[100mm] B S e

ay 62.6in [1590 mm] o

Figure 3.5 Flexipac Column Data

11



Figure 3.6 Flexipac Column Sample

The pilot plant in UTP use FLEXIPAC 1Y, thus it will have HETP of about 8.3
inch. This data will be needed in other to fully complete the dynamic simulation of the

MEA absorption column later.

From the figure 3.5 and 3.6, it can be shown that, it is the structured packings
in the column tower and it consists of three part or compartment with that structure.
That is the structure needed in other to fully enhance the process of absorption of CO;
into MEA solvent.

12



3.5 Result for Steady State Simulation Model

Table 3.3 Steady State Result Data
SOLVE | SOURG | SWEET | USEDS
Substream CO2 MEA NG NT AS GAS oLV
0.1819 0.18195 | 0.14972 | 0.0322
Ch4 0 0 593 0 93 65 328
0.06646 5.63E- 0.01754 | 0.0545
CO» 9 0 o3 0 007208 |~ o
1.5128 1.5128 8.42E- | 1.5119
H20 0 5 0 ; 0 o -
0.3782 0.3782 2.60E- | 0.3782
MEA 0 075 0 075 0 06 049
Total Flow | 0.06646 | 1.8910 | 0.1875 | 1.8910 | 0.25404 | 0.16811 | 1.9769
kmol/hr 24 37 87 37 94 62 71
Total Flow 50.356 50.356 53.258
a/hr 2.925 e | 3.1668 i 6.0918 | 3.1895 .
TotalFlow | 2.78275 | .. | 7.8541 | 0.8508 | 9.75866 | 6.64720 | 0.9076
I/min 6 ' 87 501 3 4 552
40.974 40.7173 | 39.670
Temperature C 29 40 29 05 29 6 64
Pressure bar 10 1 10 11 10.9 11 11
Vapor Frac 1 0 1 0 1 1 0
Liquid Frac 0 1 0 1 0 0 1
Solid Frac 0 0 0 0 0 0 0
Ecr;tli/‘s:g?’ 93952.5 | 67457. | 20050. | 67435. | 39384.0 | 25814.9 | 67370.
7 78 28 99 3 9 53
Enthalpy - - ) - - ) .
alfem Ji3agy | 25332 | 1187.6 | 25324 | 164245 | 1360.68 | 2500.8
& : 48 88 3 2 9 05
E::Dzzy 173453 | 35434. | 1044.7 | 35423. | 2779.30 | 1205.53 | 36997.
3 77 69 33 3 3 1
CE?;;OO‘?}'K 27386y | 53270 | 22816 | 53.200 | 17.0100 | 20.6929 | 51241
' 3 99 75 6 4 45
;T;“::L 008494 | 2.0004 | 13515 | 1.9978 | 070937 | | ° | 1.9020
& 97 64 75 53 91 ' 91
Density 3.08E- | 0.0370 | 3.98E- | 0.0370 | 4.34E- | 4.22E- | 0.0363
mol/cc 04 791 04 421 04 04 017
Density 0.01751 | 0.9873 | 6.72E- | 0.9863 | 0.01040 | 8.00E- | 0.9779
gm/cc 86 799 03 934 4 03 535
26.628 | 16.881 | 26.628 26.939
Average MW 44.0098 97 77 97 23.9788 18.972 54
Liq Vol 60F | 0.05932 | 0.8334 | 0.1674 | 0.8334 | 0.22677 | 0.14956 | 0.9106
I/min 63 186 457 186 21 73 235
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After completing the steady state simulation model, the model had been run and

the result had been obtain as the table 3.3.

From the table 3.3, it can be seen that the composition of CO> in the sweet gas
stream had been decrease to about 0.017 means 1.7% of composition of CO; exists in
the sweet gas. This amount of composition of CO» is acceptable as usually buyer of
natural gas, most of them wants their natural gas have the composition of CO; less than

2% to ensure and to control their quality of natural gas.

Most of the CO; that originally exists in the natural gas had been absorb by
MEA solvent and there from the table 3.3 it can be shown that the content of CO> from
the MEA stream increase from 0 to 0.05 in the used solvent stream. This proved that
the MEA successfully absorb the CO; that exists originally in the natural gas. However
this is just only the steady state model of the absorption column, a dynamic simulation
model will be develop next to make the study and investigation more precise and
accurate as in the real situation of the industry, as most of the process is not in steady

state.

14



3.6 Entering Dynamic Simulation

i
SOLVENT )

e MEA | ’

> :
O a
= —] ;
GC

ABSORBER

Figure 3.7 Simulation of Dynamic State

Before entering dynamic state from steady state, several steps need to be taken to

properly entering Aspen Dynamic from Aspen Plus.

Assumption need to make in other to enter dynamic environment:
1. Major component of the liquid stream is inert and does not absorb into the gas.
2. Major component of the gas stream is inert and does not absorb into the liquid
stream.
3. Each stage is in equilibrium stage, the vapor leaving a stage is in the

thermodynamic equilibrium with the liquid on the stage.

The absorber column need to be sizing and rating, the packing geometry need to be
properly stated in the simulation.

Then, it is in good practice to add control valve before entering dynamic state in Aspen
plus.

After all steps had been taken, then the dynamic simulation can be enter from the steady

state.

15



CHAPTER 4
RESULT AND DISCUSSION

4.1 Dynamic Behavior: MEA Liquid Stream

4.1.1 MEA Liquid Flow rate

o 0 INLET MASS FLOW
) o
sol =&
= &
; O
Oo ég
IS Lot
2 o
)
N )
2 | <
< 8r 0%
w o
2 O
Go| 7
O_ 1 1 1 1 1
< 0.0 0.2 0.4 0.6 0.8 1.0
Time Hours

Figure 4.1 Dynamic Behavior of MEA Inlet Mass Flowrate

Figure 4.1 shows the dynamic behavior of the MEA absorption process when
the MEA inlet solvent had been varied. The experiment performed was varying the
effect of increasing the flowrate of the MEA inlet solvent. It was observed that when
the mass flowrate of MEA inlet solvent is being increased from 50 kg/hr to about 75
kg/hr at time of 0.2 hours, the mass fraction of CO; in the used solvent stream had been
decreased. The possible reasons for this is because when the mass flowrate of MEA
increased, the concentration of MEA also had been affected, as the concentration of
MEA in the inlet stream is already low enough, thus when the flowrate had been
increased, the effect of the absorption process also decreased. Then, to get the best
efficiency for this process, make sure that the concentration of MEA is sufficient when

the mass flowrate is being increase.
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4.1.2 MEA Liquid Temperature

o INLET TEMPERATURE
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Figure 4.2 Dynamic Behavior of MEA Inlet Temperature

From the figure 4.2, the temperature of the inlet solvent stream had been
increased from 30°C to about 50°C. When the temperature had been increased,
the dynamic behavior for the process can be seen where the mass fraction of
CO; absorbed in the used solvent also start decreasing. This shown that by
increasing the temperature of the MEA inlet solvent, the efficiency for the
absorption process will be decreased. The main reasons for this is because when
the temperature of the MEA solvent increased, MEA will start to degrade, thus
decreasing the efficiency of the process. However, it is important to know that

MEA also function better at temperature range from 30°C to 40°C.
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4.1.3 MEA Liquid Composition

0 INLET MEA COMPOSITION
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Figure 4.3 Dynamic behavior MEA Inlet Solvent MEA Composition

The composition of MEA is being manipulated in the MEA solvent stream
by varying the mole fraction at certain time from 0.2 to 0.4 mass fraction,
it can be shown in the figure 4.3 that the mass fraction of the CO absorbed in the
solvent had been slightly decreased before increasing back when the composition of
MEA increased from about 0.2wt% to about 0.45wt%. The reasons for the slightly
decrease is because of sudden increase of the MEA composition in the inlet solvent, the
simulation need to stabilize the process back, however the true dynamic behavior can
be seen at time 0.4 hours when the mass fraction of CO; is increasing. The efficiency
of this process depended on the amount of composition of MEA in the inlet solvent,

while the efficiency will be increased when the composition also increased.
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4.2 Control Structure
4.2.1 Flow Controller
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Figure 4.4 Flow Controller

From the figure 4.4, the function of the controller is being investigated by
introducing the step disturbance into the system. For this case, the sudden increasing of
the mass flowrate from 50kg/hr to 75kg/hr had been used as the step disturbance. From
the figure 10, it can be seen that when the mass flowrate is increasing, the controller do
their role by decreasing (green line) the opening of the valve after the stream, this is to
to maintain the flow at 50kg/hr at all time. The main reason for maintaining the flowrate
is to prevent disturbance to the process as the efficiency of the process will be affected
and problem may arises so, it better to fix the flowrate at certain value for the ease of

operation.
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4.2.2 Temperature Controller

s Temperature Controller
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Figure 4.5 Temperature Controller

From the figure 4.5 the function of the controller is being investigated by
introducing the step disturbance into the system. For this case, the sudden increasing of
the mass flowrate from 50kg/hr to 75kg/hr had been used as the step disturbance. From
the figure 11, it can be seen that when the temperature increased due to increase in mass
flowrate, the temperature of the column also increased, then the controller will decrease
(green line) the value of reboiler duty in the column as to maintain the temperature of
the column. The main reason to maintain the temperature of the column is to prevent
the MEA solvent degrade due to high temperature thus disturbing the efficiency of the

overall processed.
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4.2.3 Level Controller

Q < Level Controller
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Figure 4.6 Level Controller

From the figure 4.6 the function of the controller is being investigated by
introducing the step disturbance into the system. For this case, the sudden increasing of
the mass flowrate from 50kg/hr to 75kg/hr had been used as the step disturbance. From
the figure 11, it can be seen that when the level increased due to increase in mass
flowrate, the controller will increase (green line) the opening of the valve at the bottom
product of the column so that the excess liquid will exit more and the level inside the
column will be maintain. This type of controller is important because with this level
controller, spillage from the column or backflow can be prevent thus the efficiency and

safety of the process will increase.
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4.2.4 Pressure Controller
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Figure 4.7 Pressure Controller

From the figure 4.7 the function of the controller is being investigated by
introducing the step disturbance into the system. For this case, the sudden increasing of
the mass flowrate from 50kg/hr to 75kg/hr had been used as the step disturbance. From
the figure 11, it can be seen that when the level increased due to increase in mass
flowrate, the controller will increase (green line) the opening of the valve at the top
product of the column so that the excess gas will exit more and the pressure inside the
column will be maintain. This type of controller is important because with this pressure
controller, fix pressure of the system can be maintain thus maintaining the quality of

the product.
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CHAPTER S
CONCLUSION AND RECOMMENDATION

As conclusion, this study had been carried out to determine how dynamic
behavior occur in the CO2 absorption from natural gas and also to find the correct type
of control uses in the absorption process in order to optimize the system. The step
disturbance that had been introduced to the system when doing the dynamic behavior
study had caused some change in the absorption process, thus several controller had
been installed in other to maintain the efficiency of the process. Furthermore, this
project can be consider feasible to the time frame because students are in final year and
already undergo experience in real industry and in spite of that, students also will

receive minimal guidance from supervisor that is already expert in this project category.

For recommendation, any study that involve the use of simulation software need
to be conduct properly and also strong basic understanding about the software in use
will be needed. So, it is highly recommended that students need to properly learn the

software before starting any of the project.
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