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ABSTRACT

The transportation of natural gas through pipeline is an important aspect in the world.
However the combination of hydrocarbon and water under suitable condition form
hydrates in pipeline. These hydrates will cause blockage of pipeline. Gas dehydration is
the method used to remove water from the hydrocarbon for the smooth transfer of
natural gas in pipeline around the world. This research describes the effectiveness
parameters on gas dehydration plant. The parameters studies are gas flow rate, absorber
pressure and number of equilibrium stages of an absorber in liquid triethylene glycol
(TEG) dehydration units. ASPEN HYSYS is used for steady state simulation, design,
performance monitoring and optimization of oil and gas production, gas processing and
petroleum refining industries. Peng-Robinson equation of state and MESH equation are
chosen in the system. In conclusion, the results showed that increasing gas flow rate
decreases the dehydration efficiency. While, dehydration efficiency decreases with
increasing of operating pressure. Increasing of equilibrium stages increases the
dehydration efficiency.
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ABSTRAK

Penghantaran gas asli melalui saluran paip adalah satu aspek yang penting di dunia .
Tetapi kombinasi hidrokarbon dan air dalam keadaan yang sesuai menghasilkan hidrat
di talian paip. Hidrat ini akan menyebabkan penyumbatan saluran paip . Gas dehidrasi
adalah kaedah yang digunakan untuk mengeluarkan air dari hidrokarbon supaya
penghantaran gas asli melalui saluran paip menjadi lancar di seluruh dunia. Kajian ini
menerangkan keberkesanan parameter untuk kilang dehidrasi gas. Parameter yang dikaji
adalah kadar aliran gas , tekanan mesin penyerap dan beberapa peringkat keseimbangan
mesin penyerap dalam cecair Trietilena glikol (TEG) unit dehidrasi. ASPEN HYSYS
digunakan untuk simulasi keadaan mantap , reka bentuk, pemantauan prestasi dan
pengoptimuman pengeluaran minyak dan gas , pemprosesan gas dan industri penapisan
petroleum. Persamaan Peng —Robinson dan persamaan MESH diguna untuk simulasi
kajian ini. Kesimpulannya , semakin tinggi kadar aliran gas semakin menurun
kecekapan dehidrasi . Selain itu, kecekapan dehidrasi berkurangan dengan peningkatan
tekanan mesin penyerap. Meningkatkan peringkat keseimbangan meningkatkan

kecekapan dehidrasi .
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CHAPTER 1

INTRODUCTION

1.1 Motivation and statement of problem

The combination of hydrocarbon and water under appropriate condition crystallize to
form solid called hydrates in pipeline. It causes problem in the transfer of hydrocarbon
gases in the piping system. These hydrates block the piping system from flowing
smoothly and cause imbalance pressure in the pipe. Hydrates form at high pressure and
temperature far above water freezing point. Gas hydrate has a cage like structure
containing a molecule from the hydrocarbon. This cage is formed by water through
hydrogen bonding (Christensen, L,. 2009). Besides that, when water have contact with
acid gas from the natural gas, corrosion of pipeline will occur. Hence, water must be
remove from hydrocarbon gases in the piping system. In order to do that, Gas
Dehydration is a common process used to remove water (H,O) from natural gas

hydrocarbons.



Figure 1-2: Hydrates in a pipe

This study focused on studying the effectiveness parameters on absorber of a gas
dehydration plant. The parameters were gas flow rate, absorber pressure, absorber
temperature and number of equilibrium stages of an absorber in liquid triethylene glycol
(TEG) dehydration units.

According to Mohamadbeigy K. (2007) study, he studied the effective parameters of
glycol flow rate, reboiler condition and number of equilibrium stages of absorber. The
number of equilibrium stages, glycol flow rate and lean glycol are interrelated. The

higher the number of equilibrium stages the lower the glycol flow rate or lean glycol



concentration is needed. From his study result, he found out that increasing the
equilibrium stages allows the gas to reach equilibrium with the lean glycol at lower
glycol flow rate. Besides that, the reboiler temperature influences the overhead water

content by changing the purity of the lean glycol.

As for Kazemi P. and Hamidi R. (2010) research, they divided the gas dehydration
process to two parts, gas dehydration and solvent regeneration. The parameters they
study was number of equilibrium stages, reboiler temperature, stripping gas,
temperature of inlet gas to absorption column CO; and H,S content of inlet gas and
TEG flow rate. They found the same result as Mohamadbeigy K. (2007), which the
reboiler temperature affect water content of inlet gas with modifying of regenerated
TEG. Furthermore, increasing the equilibrium stages lead to equilibrium the water
content of wet gas and inlet TEG to the absorber at low TEG flow rates. Besides that,
the used of scrubber to remove liquid decreases the amount of water that has to remove
in the absorber. This action decreases the column size and even decrease the TEG

needed in the process.

The previous researchers were more focused on the overall effectiveness parameters of
the gas dehydration plant. As this study is more focus on the effectiveness parameters in
absorption column. This study is done to get the most efficient absorber parameters and

with these parameters we can generalize the whole dehydration plant.

1.2 Objectives

The objective of this research is to evaluate the effectiveness parameters on natural gas

dehydration plant using Aspen HYSYS.

1.3 Scope of this research

The scope of this study was to identify the effectiveness parameters such as gas flow
rate, absorber pressure, absorber temperature and number of equilibrium stages of an

absorber in liquid triethylene glycol dehydration units.

In the HYSYS glycol package, the temperatures, pressures and gas compositions
normally come across in a glycol plant. This applies for contactor for temperatures from
15 to 50 <C and pressures between 10 and 100 bars (Christensen, L,. 2009).



CHAPTER 2

LITERATURE REVIEW

2.1 Overview

This paper presents the experimental studies of natural gas dehydration using absorption
method. TEG as the absorbent used in gas dehydration. There were many previous
studies done by other researcher. The commonly parameters they study were theoretical
stages of absorber, glycol circulation rate and regeneration condition. Glycol was more
of their focus. As for this study was focus on the overall efficiency of the absorber
parameters. Hence, more study on absorber parameters were taken out and discuss in

subchapter below.

2.2 Introduction of Dehydration

Eventually, there are four methods used in gas dehydration process. The methods are
absorption, adsorption, membrane processes and refrigeration. In absorption, it uses a
liquid with high affinity for water to absorb water. The glycol is the commonly used
liquid in absorption. As for adsorption, it uses adsorbents like silica gel to adsorb water.
Next, membrane processes using membrane to separate water when the gas passes the
membrane. Lastly, refrigeration cools the gas and makes the water condense. Then the

condense water is remove in a separator (Christensen, L,. 2009).



The comparison of these four methods, the best and most commonly used in gas
dehydration plant is absorption method. In membrane processes, it require higher
amount of cost and it less efficient compare to absorption and adsorption methods.
While for refrigeration, although it operate at low cost but it is not efficient. As for
absorption and adsorption methods, these two are the most efficient method in gas
dehydration plants. However, absorption is chosen because it is more economical and
less energy is required to operate it (Kidnay, A., and William, R., 2006; Christensen, L,.
2009).

As | mention earlier, glycols are commonly used absorbents in dehydration plants. This
Is because it has high affinity for water. This can increase the absorption efficiency. The
most generally used glycol in dehydration plants is triethylene glycol (TEG). It has
higher boiling point and lower vapor pressure compare to monoethylene glycol (MEG)
and diethylene glycol (DEG). Besides that, it is more economical when compare to
tetraethylene glycol (TREG). The higher polymers than TREG have higher viscosities
which are usually not used for dehydration (Christensen, L,. 2009).

Table 2-1: Properties for MEG, DEG, TEG, TREG and water. (Christensen, L,. 2009)

MEG DEG TEG TREG Water

Formula CoHsO,  C4H1003 CgHi140s4 CgHi05  H,O
Molar mass (kg/kmol) 62.07 106.12 150.17 194.23 18.015
Normal boiling point (<C) 197.1 245.3 288.0 329.7 100.0
Vapor pressure @ 25<C (Pa) 12.24 0.27 0.05 0.007 3170
Density @ 25<C (kg/m°) 1110 1115 1122 1122 55.56
Viscosity @ 25T (cP) 17.71 30.21 36.73 42.71 0.894
Viscosity @ 60<TC (cP) 5.22 7.87 9.89 10.63 0.469
Maximum recommended 163 177 204 224 -

regeneration temperature (<C)
Onset of decomposition (C) - 240 240 240 -

There are several equipment is commonly used in a gas dehydration plant. There are
absorber, boiler, flash separator, heat exchanger, regenerator, stripper and pump.
Generally glycol dehydration is a continuous process. The used glycol is recycled to use

back as absorbent. The general process flow is shown at Figure 2-1 below. The wet gas



and glycol flow counter currently through the absorber. Wet gas enters from the bottom
while glycol enters from the top of the absorber. Glycol will absorb water from the wet
gas when they in contact in the absorber. Dry gas will exit at the top of the absorber and
it is use to cool the incoming lean glycol while rich glycol exits at the bottom of the
absorber. This rich glycol flows to a flash separator to separate the hydrocarbon gases
which remain in it. Next, it flows towards regenerator or stripper to get rid of the water

in the rich glycol stream. Finally the lean glycol is recycled back to the absorber.

Absorber Stripper

Flash Drum

Figure 2-1: General process flow of a glycol dehydration unit (Mohamadbeigy, K.,
2007).

2.3 Previous work on Absorption of Gas Dehydration

According to Engineering Data Book (2004b), gas hydrate will form at higher
temperature than sub cooled water. Hence at lower temperature, the true equilibrium
condensed phase is gas hydrate. This is also means the hydrate formation will occur at
15 to 20 F (8 to 10<C) higher than the dew point seen from Figure 2-2 below. Moreover,
Engineering Data Book (2004b) mention the actual error depends on temperature, gas
composition and pressure but pressure effect is not much. Figure 2-2 below from
Engineering Data Book (2004b) shows that dehydration increase with lower absorption
temperature. The range of typical operating absorber inlet temperature is 16 to 38<C and

operating pressure is below 140bar (Engineering Data Book, 2004b). It also mentions



that lower temperature improves absorption efficiency but will cause hydrate formation
at high pressure.

Refer to both Engineering Data Book (2004b) and Manning F. and Thompson R. (1991),
absorber temperature can be as high as 66<C but above 38<C will cause unacceptably
vaporization losses for glycol solutions while temperature lower than 10<C will cause
high viscosity on glycol solution and reduce column efficiency. In order to reduce the
hydrocarbon condensation into the glycol, the glycol inlet temperature in absorber must
be 3 to 11<C higher than the inlet gas temperature (Manning, F., and Thompson, R.,
1991; Kidnay, A., and William, R., 2006).
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Figure 2-2: Equlibrium water dew point as a function of contactor temperature and
TEG concentration wt% (Engineering Data book, 2004b).



Kazemi P. and Hamidi R. (2010) found that inlet gas temperature is important
parameter which will affect the TEG flow rate and decrease gas density. This cause inlet
gas has higher volumetric flow rate. They said all these happen because higher
temperature of inlet gas increases its water content exponentially. This can be seen from
Figure 2-3 below (Kazemi, P., and Hamidi, R., 2010).

o Impact Of Inlet Gas Temp (36 °c,40 °c,44 °c)
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Figure 2-3: Effect of inlet gas temperature on water removal efficiency (Kazemi, P.,
and Hamidi, R., 2010).

Other than that, Kazemi P. and Hamidi R. (2010) researched that higher equilibrium
stages result to equilibrium the water content of wet gas and inlet TEG to the absorption
column at low TEG flow rate. Figure 2-4 below was the result taken from Kazemi P.
and Hamidi R. (2010) study. It showed that for three and four equilibrium stages, the
TEG flow rates were 20 (kg TEG/ kg (water absorbed)) and 18 (kg TEG/ kg (water
absorbed)) respectively. As for two equilibrium stages, it need higher TEG flow rate to

reach equilibrium.



Effect of Number of Equilibrium Stages in Absorber
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Figure 2-4: Effect of equilibrium stages of absorption column on water removal
efficiency (Kazemi, P., and Hamidi, R., 2010).

Mohamadbeigy K. (2007) have a same result as Kazemi P. and Hamidi R. (2010) study
on effect of the number of equilibrium absorber stages on residual water content. The
result was higher number of equilibrium stages in absorber allows the gas to reach
equilibrium at lower TEG flow rate. In another words, higher TEG flow rate is prefer
when only one ideal stage is used. The result can be seen from Figure 2-5 below
(Mohamadbeigy, K., 2007). Higher flow rate is preferred because it increases the

contact between the inlet gas and TEG.

100

90

80

Water removal (%)

70

60
0 1 2 3 4 5

Number of equilibrium stages in Absorber

Figure 2-5: Water removal versus number of equilibrium stages in the absorber
(Mohamadbeigy, K., 2007).

According to Mohamadbeigy K. (2007), percentage of water removal of the inlet gas

decreases with increasing pressure of the absorber and higher number of equilibrium



stages in absorber have higher percentage of water removal. This is done at constant
temperature with variable number of equilibrium stages in absorber. The result can be
seen from Figure 2-6 below (Mohamadbeigy, K., 2007). Furthermore, he mentions that
absorber required less wall thickness to contain the pressure as the absorber operate at

low pressure condition. Hence, it can save cost by adjusting the operating condition and
contactor thickness.
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Figure 2-6: Effect of pressure in the contactor on the water content of gas stream
(Mohamadbeigy, K., 2007).

2.4 Summary

This paper presents studies of gas dehydration which were more focus on the
parameters of the absorber. For instance, theoretical stages in absorber, natural gas flow
rate, absorber temperature and pressure. The results of the study by most researchers
were similar by means of concept wise. The difference was only the level of efficiency
of the percentage of water removal. One of the results was the higher the number of
equilibrium stages and flow rate of inlet gas, the higher is the water removal efficiency.
Besides that, the overall water removal efficiency will decrease with the increase of the
absorber pressure.

10



CHAPTER 3

MATERIALS AND METHODS

3.1 Overview

This paper presents the process simulation, absorption model and input data used for
this research. The simulation was Aspen HYSYS. Aspen HYSYS was chooses because
it contain all the dehydration unit natural gases needed for this study. Plus, it was in
hand in handling system which comprises hydrocarbon and water over a wider range of
temperature and pressure. There were two type of absorption model used. They were

Peng-Robinson equation of state and MESH equation.

3.2 Process Simulation

Aspen HYSYS will be the program simulation used for this research. The version of
HYSYS used for the process simulations in this report is Aspen HYSYS 2006.5.
HYSYS is mainly use for steady state simulation, design, gas processing, petroleum
refining industries, performance monitoring and optimization of oil and gas production.
Hence, it is suitable to use for this research which deal with gas dehydration (HYSYS
User Guide, 2005).

It is very important in selecting the right Fluid Package in HYSYS. As all the necessary
information related to pure component flash and physical property calculations of the
components is right within the selected Fluid Package (HYSYS User Guide, 2005).

11



There is a Fluid Package which contains all the dehydration unit natural gases wanted
for this research. Furthermore, Peng-Robinson equation of state is chosen as an ideal
model for process calculation. This is because it is suitable in handling system which

comprises hydrocarbon and water over a wide range of temperature and pressure.

In HYSYS User Guide (2005), it mentions that material streams are used to show the
travelling of material between different units of operations. It is essential to define the
main properties and composition in each material stream. Some of the main properties
are pressure, temperature, composition and molar flow rate. These properties are the
main parameters for this study. As for the energy streams, it is use to show the energy
travelling between different units of operations. Specify dynamic information can be
view through the energy stream. Heat flow is the main parameter for energy stream
(HYSYS User Guide, 2005).

Besides that, HYSYS simulation program have all the unit operators used in a gas
dehydration plant. There are absorber, flash drum, separator, heat exchanger and pump.
Each of these unit operators can be set to the operation condition as the gas dehydration

plant.

3.3 Absorption Model

In this study, Peng-Robinson equation of state is used to represent the thermodynamic
behavior of the TEG water system (Polak, L., 2009). This model is based on a cubic
equation of state. This model is selected because it has a good phase equilibrium
estimates over a variations of temperature and pressure. This is essential in terms of
modeling the multicomponent system in a natural gas dehydrations plants as it is
necessary to account for the existence of gases in the absorption column (Peng, D., Y.,
Robinson, D., B., 1976).

The Peng-Robinson equation is commonly used for hydrocarbons and related
components over variations of temperature and pressure. According to Polak, L., (2009),
Peng-Robinson is precise for calculating enthalpy and entropy departures, liquid
densities, vapor densities and vapor-liquid equilibrium in natural gas processing and

others petroleum related operations. Plus it is accurate in the critical region.

The Peng-Robinson equation is as below:
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RT a.x

p = _ 3.1
W=b) VW+b) +b(V—-b) (.1
Where,
R2T.?
a = 045724 —=,
C
RT.
b =0.07780 :
F,
P = pressure,

V = molar volume,

T = temperature,

R = universal gas constant (8.314 J.K™*.mol™),
T = critical temperature, P, = critical pressure,

P¢ = critical pressure,

T
a = alpha function, function of reduced temperature T, = T
Cc

= [1+ (0.37464 + 1.542260 — 0.26992w2)(1 — (-)°%)]? (3.2)
= — (P) 1 3.3
w = ~log (5 (3.3)

Another model is the MESH equations. It contains of four sets of equations. There are
mass balances, equilibrium relations, sum of mole fractions of each phase and heat
balance. Mesh is used to describe tray columns treatment (Kasiri, N., and Hormozdi,
Sh., 2005). Material balance of component i on tray j, for liquid phase is as follows
(Seader, J.D., and Henley, E.J., 1998):

Lj Xij— Lj+1 Xj+1 — FI ij= 0 (3.4)

Where,
L = liquid molar flow rate,
x = mole fraction in liquid phase,
F = feed molar flow rate,

The superscript | = liquid phase
Equilibrium relation for component i at tray j is as below:

13



i =Yiil X (3.5)

Where,
K = equilibrium constant

Sum of mole fraction of each phase is as follows:
N N
Z}’i,j=1,zxi,j=1 (3.6)
i=1 i=1
Energy balance equation is shown as follows:
Lj+1 Hyj+1 + Vjr Hyjr + FjHe — Ly Hy =V Hy; —Q;=0 (3.7)

Kasiri, N., and Hormozdi, Sh., (2005), mention that the real enthalpy of components is
calculated by combination of ideal gas enthalpy and residual enthalpy of gases and

liquids. Ideal gas enthalpy is calculated by:
HY%=a +bT+c T+ d T3+ eTH+f T° (3.8)
Where, a’, b’, ¢’, d’, e’ and f” could be found in literature (Prausnitz, J., et al., 1999).

The general form of gas and liquid residual enthalpy are as below:

P
H H'9 1
0
(7 )px = ~ 72 (3.10)

Where,

H; and H;} = fractional molar enthalpy of component i in liquid phase

and ideal gas state respectively.

Wilson activity model is used for estimate of liquid phase treatment. The following
equation could be applied to evaluate fugacity coefficient of gas phase (¢;) from Peng-
Robinson equation of state and activity coefficient (y;) from Wilson activity model
(Kasiri, N., and Hormozdi, Sh., 2005) :

14



Yipi P = x;y;P % ;

3.4 Input Data

The input data used for this study is from Azaloye gas field in Iran.

sat

(3.11)

Table 3-1: Simulator input data from Azaloye gas field in Iran (Kasiri, N., and

Hormozdi, Sh., 2005).

Wet Gas
Components mole fraction
Water 0.001420
CO, 0.013200
H,S 0.000001
N 0.035200
CH, 0.853000
CoHe 0.055400
CsHg 0.023500
i-C4H1o0 0.004600
n-C4H1o 0.006690
i-CsH1 0.001890
n-CsHi2 0.001762
Ce 0.003920
Benzene 0.000045
Toluene 0.000030
Flow rate (kmol/hr) 2403.00
Pressure (bar) 73.20
Temperature (°C) 40.00
Lean TEG
Components mole fraction
TEG 1.00
Flow rate (kmol/hr) 104.46
Pressure (bar) 71.20
Temperature (°C) 45.00

15



3.5 Simulation Procedure

First, start a new case by selecting the New Case icon. Then Simulation Basis Manager

appeared as Figure 3-1.

7

4 Simulation Basis Manager (=@ | &=

Component Lists -
[ atabank, S election

¢ HvSYS Databanks
" Aspen Properties

Add

[
Impart...

Refresh | |

tComponents | Fluid Pkagz J Hypotheticals J 0il Manager J Reactions J Component Maps J Uszer Properties J

Estend Simulation B azis Manager... | Enter Simulation Enwvironment. ..

Figure 3-1: Simulation Basis Manager

Next, select the ‘Fluid Pkgs’ tab and create a fluid package by clicking add. Then fluid
package basis appeared as Figure 3-2.

-

@ Fluid Package: Basis-1 ===

(¥ HYSYS (™ Azpen Properties ¢ COMThemo

Property Package Selection

<Lnohey Froperty Package Filter
Arnine Pkg

Antaine (s All Types

ASME Steam =| | E0S:

Eraun K10 O Activity Models
Chao Seader ™ Chao Seader Modelz
Chien Hull " Yapour Press Models
Essa Tabular " Miscellaneous Types
Extended MRTL

GCEOS

General MRTL

Glycol Fackage Launch Property ‘Wizard |
Grayzon Streed -

Component List S election

| Component List - 1 ﬂ Wiew
N Set Up | FParameters J Binary Coeffs J StabTest J Phaze Order J Fixng J Tabular J Motes J

Delete | Name [Basi Froperty ko GRS

Figure 3-2: Fluid Package Basis
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On the set up tab from the fluid package basis, leave it as a HYSYS fluid package then
scroll down the Property Package Selection list and select the Peng-Robinson Equation
of State (EOS) model. This is showed in Figure 3-3. The name was changed from the
default Basis-1 to Gas Dehydration Plant.

; Fluid Package: Gas Dehydration Plant (ol = | ==

(s HYSYS (" Aszpen Properties ¢ COMThermao

Froperty Package Selection

FCEOS » [ Property Package Filter
Glpzol Package

K.abadi-Dranner Al Types
Lee-Kesler-Flocker {* EOSs

I T " Activity Models
PR-Twu " Chan Seader Models
FRSY E " Vapour Press Models
Sour PR " Miscellansous Types
Sour SRE

SRE

SRK-Twu

Twu-Sim-T assone Launch Property W/izard |
Zudkevitch-Joffee -

Component Lizt Selection

|Cu:umpu:unent Lizt -1 ﬂ
N Set Up | Parameters J Binary Coeffs J StabTest J FPhase Order J Fi=ns J Tabular J Motes J

 Delete | Mame [RasDehydalion  Property Pro S o |

Figure 3-3: Selecting Property Package

Click the View button in the Component List Selection section to add components to

the Component List. Figure 3-4 showed the component added to the component list.

& HYSYS Component List View: Component List - 1 o | = | =

Add Component Selected Components Components &vailable in the Component Librany
E‘ Ciompongnts Eﬁr::e Match ‘iew Filkers
TralelonaI Propane
i Hypothetical Butane = Sirn Marne (& Full Mame / Synonym " Formula
r-Butane nHentane o
'_P t 1-Aeplanc L/
b <~eld Pure nlctane L8 CBH18
rHexane reMonane C3 C3H20
Benzens - n-Decane cio Cl0Hz22
Taluens <-Substitute-> nC11 C11 C11H24
Mitrogen nL12 C12 C12H2E
H25 nL13 C13 C13H28
oz nC14 C14 C14H30
Hz0 nL15 C15 C15H32
TEGlucal - nL16 C16 C1EH34
— Sl ||| ncE C17 C17H36
nL18 18 C18H38
nL19 C19 C19H40
n-C20 c20 C20H42
nC21 c21 C21H44 i
[v Show Synonyms [ Cluster
_= Selected | Component by Tupe
Delete Mame |Companent List - 1

Figure 3-4: Selected Components
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Next, close the component list and close the fluid package to return to simulation basis

manager. Then enter simulation environment. A PFD appeared as showed in Figure 3-5.

Save the case.

File Edit Simulation Flowsheet PFD Tools Window Help

FEEIE I EIR T T = e

Enviranment: Caze [Main)
ode: Steady State

T PFD - Case (Main)

HHE oA 7 @B

===
€ [ Default Colow Scheme -

Case (Main)  [=]

T B A
- =)
12§
b8 £ E
DA &
gaqp
muﬂl
N*{"“'

TICal CULLELISCiUN IyDPE.SLiCCCLULIyLE

=
InUse

Stream Correlstion Type:Standsrd - properties

InUse.

= pIopoLiios Sio

are Acti

[
Figure 3-5: PFD

Following, click the workbook icon to add streams and streams data. Data required to

add in for feed streams are temperature, pressure, molar flow rate and composition. This

is showed in Figure 3-6 and Figure 3-7. Other necessary streams and its data are also

added at here.

M ame wet gaz tegin dry gaz rich teg
Wapour Fraction 09393 0.0000 <emphys <emphys
Temperature [C] 40.00 45.00 LEmphy: <emphy
Prezzure [kPa] Fa20 120 Lempty: Lemphy:
tolar Flow [kgrmale/h) 2403 104.5 <Empky <Emphys
bl azz Flow [kgfh) 4 B21e+004 1.569=+004 <Empky < ernphy
Liguid %olume Flaw [m3/h] 1356 1390 <emphys <emphys
Heat Flaw [kJ/h] -1.926e+003 -8.264e+007 LEmphy: <emphy

M aterial Streams

Compozitions I Energy Streams ILlnitElps I

Figure 3-6: Entering Streams and Data
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Mame | wet gas tegin dy gaz rich teg
Comp Mole Frac [Methane) 08524 0.0000 SRk LEmpty:
Comp Maole Frac [Ethane) 0.0554 0.0000 LMk Lempys
Comp Male Frac [Propane] 0.0235 0.0000 L Empky: LEMmpkys
Comp Maole Frac [-Butane] 00045 0.0000 < Emnphys Lemphys
Comp Mole Frac [n-Butane] 00067 0.0000 SRk LEmpty:
Comp Male Frac [i-Pentane) 0.0mS 00000 LMk LEmpkys
Comp Maole Frac [n-Pentane] 0.0ma 0.0000 <Emphys <Lemphys
Comp Mole Frac [n-Hesane) 0.0039 0.0000 SRk LEmptys
Comp Mole Frac [Benzene) [0.0000 0.0000 Sk Lempy:
Comp Male Frac [T oluene) 0.0000 00000 LMk LEmpkys
Comp Mole Frac [Mitrogen) 0.0352 0.0000 < emphy <emphy
Comp Maole Frac [H25] [0.0000 0.0000 SRk LEmpty:
Comp Male Frac [CO2] 0.ma3z 0.0000 LEmpky Lempys
Comp Male Frac (H20] 0.0014 0.0000 < Empky: LEmpkys
Comp Mole Frac [TEGhezol] [0.0000 1.0000 <Empky LEmpkys

b aterial Streams Eumpnsitiunsl Energy Streams JLlnitElps J

Figure 3-7: Entering Feed Compositions

After that, press ‘unit ops’ tab in the workbook to add in necessary unit operations units.

This is showed in Figure 3-8.

2 Workbook - Case (Main) o || B | £
MName Object Type
£ UnitOps - Case (Main) o [=E =] —
Categories Auvailable Unit Operations
(& Al Unit Ops g E{W_ase SEpacrlalnr - add
Tipper Crude
@ sk 4 Stripper Crude L Cancel
(" Heat Transfer Equipment m =
" Raotating Equipment ACM Oper
(™ Piping Equiprmet i_dIUSt I
: . ir coaler
& iyl Azpen Hydraulics Sub-Flow
£ Reactors Baghouse Filter
(" Prebuilt Columns Balance
™ Shart Cut Columng Black Ol Tranelator
" Sub-Flowsheets Hgalzzm i
. Boolean CountD awn
- LDQ'CB!S Baoalean CountUp
(" Extensions Boolean Latch
 User Ops Baoolean Mot
(" Electrolyte Equipment Egg:::z 828 :ﬁ
(" Refinery Ops Boolean Or
™ Upstream Ops Boolean =<0r s
[ adduniop |

=] taterial Streams J Compositions J Energy Streamz  Unit Ops

Figure 3-8: Unit Operations

The first unit to be added in the PFD is an absorber. Choose the inlet and outlet stream

of the absorber. The streams detail is according to the streams added in the material
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streams earlier. Then, enter the number of stages and pressures. Lastly press the run
button. This is showed in Figure 3-9.

W Colummn: T-100 / COLL Fluid Pkg: Gas Dehydration Plant / Peng-Robinson la||= | =]
Design Colurnn Marme |T-100 Sub-Flowshest Tag |COLT
Connechions Ovhd W apour Dutlet
b aniitar diy gas ﬂ
Specs Top Stage Injst
Specs Summary teqin ﬂ
Subcooling 1
Optional Inlet Streams
Hotes 3 Stream Inlet Stage 2 Al Jeilaria) Bels Dz
|| << Strgam »: g‘gg:; 7120 kPa Stream Tupe | Draw Stage

<4 5h =l
. ’— I TEam
Fr
Bottom Stage Inlet

et o 7] —— | [20kPs

Stage Numbering
f¢ TopDown  BottomUp

Edit Trays... |

| Bottoms Liguid Outlet

|ric:h teq ﬂ

tDesign | Parameters J Side Opz JHating J Wwork sheet J Perfarmance J Flowzheet J Reactions J Dynamics J

Delete | Column Ervironment... | Run | Bezet | _ [v Update Outletz [ lgnored

Figure 3-9: Absorber

Next, add a re-boiler and select the inlet, outlet and energy streams. This is showed in
Figure 3-10.

4 E-100 (o =] =]
Design Mame |E'-I 0o
Connections
FParameters |rlet Erergy
Usger Yariables rich teg =] 3-100 =]
Mates
Outlet
reboiled -
Fluid Package | J
| Gaz Dehpdration F'Iantﬂ

tDesign | Fating J YWorksheet J Performance J Diynamics J

Dot | I [ lorored

Figure 3-10: Heater
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Then, a separator is added. Choose the inlet and outlets streams. Under the design

category, press parameters to fill in the ‘delta P’ section. ‘Delta P’ is the pressure

differences in the separator. The separator is shown in Figure 3-11.

L v-100

Deszign
Connections
Parameters
IJzer Varniables

Mates

Marme |v.100
Inlets
rebioiled
<< Stream =3
=
- —
Energy [Dptional]

Weszzel Fluid Package
| Gaz Dehydration Plantﬂ

Yapour Dutlet |flash gas |
L
I -
Ligquid Outlet
|flash oLt ﬂ

tDesign | Reactions JHating J “Worksheet J Diynamics J

Dt | I | (oo

Figure 3-11: Separator

A heat exchanger is added using the same method. Choose the inlets and outlets streams

accordingly. Under the design category, press parameters to fill in the ‘delta P’ section.

‘Delta P’ is the pressure differences in the heat exchanger in shell and tube side. The

heat exchanger is show in Figure 3-12.
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) Tube Side Shell Side
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=7 T
Tube Side Outlet Shell Side Outlet
|pump in ﬂ |ric:h teg in ﬂ
Tube Side Fluid Pkg Shell Side Fluid Pkg
| Gaz Dehydration F'Iantﬂ | Gaz Dehydration F'Iantﬂ
Figure 3-12: Heat Exchanger

Next, a distillation column is added. The inlet, outlets and energy stream were filled in

as Figure 3-13.

% Column: T-101 f COL2 Fluid Pkg: Gas Dehydration Plant / Peng-Robinson o || Ef|ER
Desian Column Mame |T-101 Sub-Flowsheet Tag |COLZ Condenser
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. Condenzer Energy Stream
b ribar
5 ||:!'-I o ﬂ Delta F |Steam ﬂ
pees 0 |[G0000KFs ~  Owhd Vapour Dutlet
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Subcooling 1
Mates A 2 P cond Optional Side Draws
niet aireams Num of | [110.0kPa
Shoam et Stage Stages = S?treamy Tepe | Draw Stage
|| richtegin 5 Mair n=[10 Ealbe
<< Shream > F reb
110.0 kP
-1 | Febailer Erergy Stream
f |G-102 -]
Stage Mumbering Delta P
1 Elta Bottoms Liguid Outlet
f* TopDown  Bottom Up n
_ 00000 kPa [E=EEn ]
Edit Trays... |

tDesign | Parameters J Side Opz JHating J Wwork sheet J Perfarmance J Flowszheet

J Reactions J Dynarnics |

Deleta | Column Errviranmert. .. | Run | Reset |

Figure 3-13: Distillation Column

Then, a pump is added. The inlet, outlets and energy stream were filled in as Figure 3-

14.
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Figure 3-14: Pump

3.6 Summary

This study was simulated from Aspen HYSYS program. The absorption models used
were Peng-Robinson equation of state and MESH equations. The input data were taken
from Azaloye gas field in Iran. The simulation procedure is done step by step till all the

unit operations are converged.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Overview

The HYSYS simulation was run according to the input data and simulation procedure
mention in Chapter 3. The objective of this study is to evaluate the effectiveness
parameters on natural gas dehydration plant using Aspen HYSYS. In order to achieve
the objective, different value of natural gas flow rate, absorber pressure and equilibrium
number of stages were run. The raw data result from the simulation is shown in
appendices. The percentages of water removal were calculated using the data get from

the simulation and discussed based on the results in this chapter.

4.2 Results

The Figure 4-1 below showed the simulation result of the converged unit operations.
There were total six unit operations used in the simulation. There were absorber, heater,

flash drum, heat exchanger, distillation column and pump.
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Figure 4-1: Simulation result from Aspen HYSYS

The simulation was run with different set of parameters. During each run, wet gas molar
flow rate and dry gas molar flow rate were recorded. This data was used to calculate the

percentage of water removal using the formula as shown as follow.

Percentage of Water Removal (%)

_ Wet Gas Molar Flow — Dry Gas Molar Flow
B Wet Gas Molar Flow

x100% (4.1)

The calculated percentages of water removal were tabulated and graphed as follows.
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Table 4-1: Percentage of Water Removal with Gas Flow Rate and Equilibrium Stages at
a constant pressure of an Absorber

Gas Flow Rate (kmol/h) Percentage of Water Removal (%)
2 Stage 4 Stage 6 Stage
500 88.68 90.68 93.93
1000 90.77 92.76 94.96
1500 93.8 94.8 96.78
2000 95.8 97.8 98.26
2500 97.84 98.8 99.8
3000 96.83 97.83 98.72

Table 4-2: Percentage of Water Removal with Gas Flow Rates and Pressures at 2
Equilibrium Stages of an Absorber

Gas Flow Rate Percentage of Water Removal (%)

(kmol/h) 1000 kpa | 3000 kpa | 5000 kpa | 7000 kpa | 9000 kpa
500 88.68 88.36 88.12 87.92 86.74
1000 90.77 90.61 89.49 88.38 87.3
1500 93.8 92.67 92.6 90.83 90.47
2000 95.8 94.75 94.65 93.6 93.36
2500 97.84 97.76 96.72 96.68 95.64
3000 96.83 95.27 94.73 94.7 93.37

Table 4-3: Percentage of Water Removal with Gas Flow Rates and Pressures at 4
Equilibrium Stages of an Absorber

Gas Flow Rate Percentage of Water Removal (%)

(kmol/h) 1000 kpa | 3000 kpa | 5000 kpa | 7000 kpa | 9000 kpa
500 90.68 90.35 90.02 88.92 87.4
1000 92.76 91.72 90.97 90.39 89.25
1500 94.8 93.67 93.6 92.53 91.36
2000 97.8 96.71 95.05 94.27 93.6
2500 8.8 97.66 97.04 96.67 94.94
3000 97.83 96.87 96.31 95.48 94.67
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Table 4-4: Percentage of Water Removal with Gas Flow Rates and Pressures at 6
Equilibrium Stages of an Absorber

Gas Flow Rate Percentage of Water Removal (%)

(kmol/h) 1000 kpa | 3000 kpa | 5000 kpa | 7000 kpa | 9000 kpa
500 93.93 93.22 92.92 92.13 90.94
1000 94.96 94.29 93.96 92.98 92.41
1500 96.78 96.02 94,56 94.53 93.77
2000 98.26 97.75 96.5 95.87 94.42
2500 99.8 99.06 98.7 97.28 95.28
3000 98.72 98.17 97.64 96.65 94.76
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Figure 4-2: Percentage of Water Removal with Gas Flow Rate and Equilibrium Stages
at a constant pressure of an Absorber
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Figure 4-3: Percentage of Water Removal with Gas Flow Rates and Pressures at 2
Equilibrium Stages of an Absorber
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Figure 4-4: Percentage of Water Removal with Gas Flow Rates and Pressures at 4
Equilibrium Stages of an Absorber
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Figure 4-5: Percentage of Water Removal with Gas Flow Rates and Pressures at 6
Equilibrium Stages of an Absorber

4.3 Discussion

From the above result, the highest average percentage of water removal efficiency is at
gas flow rate of 2500 kmol/h with optimum pressure of 1000 kpa at 6 equilibrium stages
of the absorber. According to Figure 4-2, the percentage of water removal increases
with number of stages. 6 equilibrium stages of the absorber have the overall highest
percentage of water removal. Next were 4 equilibrium stages and last were 2
equilibrium stages of the absorber. This is because increase in equilibrium stages
increases it contact between inlet gas and TEG. According to Mohamadbeigy K. (2007)
and Kazemi, P. and Hamidi, R. (2010), increasing the number of equlibirum stages
enable the inlet gas to approach equilibrium with lean glycol at a lower glycol
circulation rate. This can be seen from Figure 4-2, where at 6 equlibrium stages, it
achieved highest percentage of water removal at the same gas flow rate compare to 4
and 2 equilibrium stages. In another words, when inlet gas have more contact with
absorbent, then absorbent can absorb more water from the inlet gas. Hence it increases

the percentage of water removal.

Besides that, Figure 4-3, 4-4 and 4-5 show the same trend. Percentage of water removal
increases with increases of gas flow rate till it reach the optimum point and decreases.

Furthermore from this three figure, it showed that at pressure 1000 kpa, it has the
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overall highest percentage of water removal. Follow by pressure at 3000 kpa, 5000 kpa,
7000 kpa and 9000 kpa. This is because higher pressure will cause the gas become
denser. When gas density increases, the gas will have less contact with the absorbent.
Furthermore, the water content decreases with increasing of pressure, thus less water is
removed if the gas is dehydrated at a higher pressure (Mohamadbeigy K., 2007).

Hence, percentage of water removal decreases with increase of pressure.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

It can be concluded that, the highest average percentage of water removal efficiency at
gas flow rate of 2500 kmol/h with optimum pressure of 1000 kpa at 6 equilibrium stages

of the absorber. Hence, the objective of this study is achieved.

As for the overall result, the higher the equilibrium stages, the higher the water removal
efficiency. Furthermore, the results showed that increasing gas flow rate and operating
pressure decreases dehydration efficiency. The trend of these results are proved to be
the same as Mohamadbeigy, K.. (2007) and Kazemi, P., and Hamidi, R. (2010) study.

5.2 Recommendations

The recommendations for this research is consider the effect of high carbon dioxide
composition in the feed. High quantities of CO, in the feed can accelerate corrosion in

the regenerator.

Besides that, consider the emission of aromatic (BTEX) and other volatile organic
compounds, VOC’s from the regenerator and flash drum. Most plant feed contained

small quantities of aromatic hydrocarbons that are quite soluble in TEG, which are
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primarily comprised of benzene, toluene, ethylbenzene, or xylenes and will be carried to
the flash tank where small fraction is released along with other volatile organic
compounds. The remaining VOC’s and aromatics will travel to regenerator and

removed as volatile gases. This may cause serious environmental impact.
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APPENDICES

Simulation Workbook

R Case Name:  RUNS5-4000KPA,35C,5000M3H,6TS HSC

12] UNIV MALAYSIA - — e s

3 Burlington, MA Unit Set: - NewUser o

=  aspen e msercons B antmal b S

B DtefTime:  ThuOct27 18:17:042011

6

a Workbook: Case (Main)

8

% Material Streams Fluid Pkg: All
L1} Name Wet Gas Dry Gas Rich TEG Reboiled Flash Gas

|12| Vapour Fraction 0.9990 1.0000 0.0000 0.0000 1.0000
|13] Temperature © | . 35.00 18.75 16.32 50.14 50.14
14| Pressure (kPa) 8000 4000 4000 4000 4000
15| Molar Flow (kgmole/h) | 8.869¢+004 8.855e+004 142 o 11 0.0000
18] Mass Flow (kg/h) 1.700e+006 1.697e+006 6.408e+004 6.408e+004 0.0000
[17] Liquid Volume Flow __(m3/h) 5000 4997 5864 5864 0.0000
18| Heat Flow (kJd/h) -6.877e+009 -6.828e+009 -4.978e+008 -4.913e+008 0.0000
|18 Name Flash out Rich TEG,in Lean TEG,out Pump,in Steam

|20] Vapour Fraction 0.0000 0.0000 00000 | 0.0000 0.9997
21| Temperature ©) 50.14 75.00 106.9 81.54 101.4
22| Pressure __ (kPa) 4000 4000 100 | 110.0 110.0
123] Molar Flow (kgmole/h) 1142 1142 1002 1002 140.0
24| Mass Flow (kg/h) 6.408e+004 6.408e+004 6.151e+004 6.151e+004 2574
125] Liquid Volume Flow (m3/h) 58.64 58.64 55.91 55.91 2.732
26| Heat Flow (kd/h) -4.913e+008 -4.864e+008 -4.420e+008 -4.470e+008 -3.264e+007
27| Name Pump,out Hot Dry Gas Cool TEG TEG,in

28] Vapour Fraction 0.0000 1.0000 0.0000 0.0000

28] Temperatue ©. 7858 19.61 8000 | 60.00

30| Pressure (kPa) 2.352e+004 4000 2.352e+004 2.352e+004

[31] Molar Flow (kgmole/h) e 0020 8.855¢+004 1002 1002

132| Mass Flow (kg/h) 6.151e+004 1.697e+006 6.151e+004 6.151e+004

133] Liquid Volume Flow (m3/h) 55.91 ) ol RO o9t | . .. 5591

34| Heat Flow (kJ/h) -4.452e+008 -6.824e+009 -4.486e+008 -4.486e+008

% Compositions Fluid Pkg: All
37| Name Wet Gas Dry Gas Rich TEG Reboiled Flash Gas

[38] Comp Mole Frac (Methane) 0.8462 0.8475 _0.0024 10,0024 0.8115
38| Comp Mole Frac (Ethane) 0.0565 0.0566 0.0003 0.0003 0.0566
40| Comp Mole Frac (Propane) | 0.02¢3 opasi| GmOtal 0.0002 0.0273
141] Comp Mole Frac (i-Butane) 0.0061 0.0061 0.0000 0.0000 0.0042
42| Comp Mole Frac (n-Butane) 0.0063 0.0063 0.0000 0.0000 0.0044
43] Comp Mole Frac (i-Pentane) 0.0020 0.0020 0.0000 0.0000 0.0011
44] Comp Mole Frac (n-Pentane) ____0.0018 0.0019 0.0000 0.0000 0.0011
45| Comp Mole Frac (n-Hexane) 0.0015 0.0015 0.0000 0.0000 0.0007
48| Comp Mole Frac (Nitrogen) 0.0431 0.0431 0.0017 0.0017 0.0771
147] Comp Mole Frac (CO2) 0.0051 0.0051 0.0007 0.0007 0.0106
148) Comp Mole Frac (TEGlycol) 0.0000 0.0000 0.2880 0.2880 0.0000
49| Comp Mole Frac (H20) 0.0020 0.0005 0.7067 0.7067 0.0053
501 Name Flash out Rich TEG,in Lean TEG out Pump.in Steam

E Comp Mole Frac (Methane) 0.0024 0.0024 0.0000 0.0000 00197
52| Comp Mole Frac (Ethane) 0.0003 0.0003 0.0000 0.0000 0.0026
53] Comp Mole Frac (Propane) 0.0002 0.0002 0.0000 0.0000 0.0014
|54] Comp Mole Frac (i-Butane) 0.0000 0.0000 0.0000 0.0000 0.0001
155] Comp Mole Frac (n-Butane) 0.0000 0.0000 0.0000 0.0000 0.0001
156 Comp Mole Frac (i-Pentane) 0.0000 0.0000 0.0000 0.0000 0.0000
57| Comp Mole Frac (n-Pentane) 0.0000 0.0000 0.0000 0.0000 0.0000
58] Comp Mole Frac (n-Hexane) 0.0000 0.0000 0.0000 0.0000 0.0000
58] Comp Mole Frac (Nitrogen) 0.0017 0.0017 0.0000 0.0000 0.0138
[60] Comp Mole Frac (CO2) 0.0007 0.0007 0.0000 0.0000 0.0061
161] Comp Mole Frac (TEGIycol) 0.2880 0.2880 0.3282 0.3282 0.0003
62| Comp Mole Frac (H20) 0.7067 0.7067 0.6718 0.6718 0.9559
|63)

64]

65

66

@

|68

69

[70)

|71} 21
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6
a Workbook: Case (Main) (continued)
8
9
m Compositions (continued) Fluid Pkg: Al
11| Name Pump,out Hot Dry Gas Cool TEG TEG,in
[12] Comp Mole Frac (Methane) 0.0000 0.8475 0.0000 0.0000
2 Comp Mole Frac (Ethane) 0.0000 ~ 0.0566 0.0000 00000 |
14| Comp Mole Frac (Propane) 0.0000 0.0293 0.0000 0.0000
15] Comp Mole Frac (-Butane) 0.0000 0.0061 0.0000 ~0.0000
116 Comp Mole Frac (n-Butane) 0.0000 0.0063 0.0000 0.0000
[17] Comp Mol Frac (-Pentane) _0.0000 00020 0,000 0.0000
18] Comp Mole Frac (n-Pentane) 0.0000 0.0019 ~ 0.0000 0.0000
19| Comp Mole Frac (n-Hexane) 0.0000 0.0015 10.0000 0.0000
20| Comp Mole Frac (Nitrogen) 0.0000 0.0431 0.0000 ~0.0000
21] Comp Mole Frac (CO2) 0.0000 0.0051 0.0000 0.0000
22| Comp Mole Frac (TEGlycol) 0.3282 0.0000 0.3282 0.3283
23| Comp Mole Frac (H20) 0.6718 0.0005 0.6718 0.6717
24
| Energy Streams Fluid Pkg: Al
26| Name Q-100 Q-101 Q-102 Q-103
27| Heat Flow (kJ/h) 6.500e+006 2.870e+006 1.455e+007 1.800e+006
28
——
pom Unit Ops
30 Operation Name Operation Type Feeds Products Ignored Calc Level
31 TEG,in Dry Gas
- Ao Ny Wet Gas Rich TEG e el
33 Rich TEG Reboiled
o E-100 Heater Q-100 No 500.0
35 Reboiled Flash out
— B o ccses B ¢
% Flash Drum Separator Flash Gas No 500.0
37 Lean TEG,out Pump,in
. A Wi oo LBl fherione] o SREIPTRISPEER, FIELcHra423Cx ol ol TSRO SO
= E-101 Heat Exchanger ot o Rich TEG.in No 500.0
39 Pump,out Cool TEG
E-102 Heat Exch: N ¢
.E it Dry Gas Hot Dry Gas R i
41) Rich TEG,in Steam )
42| T-101 Distillation Q-102 Lean TEG,out No 2500
43 Q-101
44) | Pump,in Pumpout
pm P-100 Pump Q103 No 500.0
46| RCY-1 Recycle Cool TEG TEG,in No 3500
£
48
—
49
——
50
—
51
52|
153)
4]
15
10
z
58
—
59
——
150)
l
62
&)
ﬂ
L
65|
L
67
68
=
L
70
71| Hvorotech Ltd. _Page20f2
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