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Abstract

A simplified combined cycle gas power plant and a
MEA (monoethanol amine) based CO, removal
process have been simulated with the process simu-
lation tool Aspen HYSYS. The thermodynamic prop-
erties are calculated with the Peng Robinson and
Amines Property Package models which are avail-
able in Aspen HYSYS. The adiabatic efficiencies in
compressors, gas turbines and steam turbines have
been fitted to achieve a total thermal efficiency of 58
% in the natural gas based power plant without CO,
removal. The efficiency is reduced to about 50 %
with CO, removal. The CO, removal in % and the
energy consumption in the CO, removal plant are
calculated as a function of amine circulation rate,
absorption column height, absorption temperature
and steam temperature. With CO, removal of 85 %,
heat consumption is calculated to 3.7 MJ/kg CO,
removed, close to a literature value of 4.0 MJ/kg
CO..

Keywords: Aspen HYSYS, CO, removal, mono-
ethanol amine, absorption.

1. Introduction
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Figure 1. Principle for CO, removal process based on
absorption in amine solution.

The possibility of removing CO, from fossil fuel
based power plants has got increased interest due to
environmental reasons. The most actual method for
CO, removal is by absorption in an amine based sol-
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vent followed by desorption. The principle of the
removal process is shown in figure 1. The simplest
and most used amine for CO, removal is MEA
(monoethanol amine). This removal process has a
high consumption of thermal energy, and one of the
main aims of improvement is to minimize this en-
ergy consumption. In the case of CO, removal from
a combined cycle gas power plant, it is natural to
cover the heat requirement for CO, stripping with
steam from the power plant. A possible steam outlet
from a typical combined cycle process is shown in

figure 2.
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Figure 2. Principle of combicycle power plant

Because testing at large scale is so expensive, it is
natural to use process simulation to evaluate such
processes. There are however few literature refer-
ences on process simulation of CO, removal from
exhaust gases at atmospheric pressure. There are
some journal articles [1-4], and 3 of them have used
the process simulation program Aspen Plus. As-
penTech bought the program HYSYS from Hypro-
Tech in 2002, and in 2006 the program name was
changed to Aspen HYSYS. The last reference [4]
uses a Fortran code to simulate the process. An im-
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portant advantage with using a process simulation
program for such calculations, is that the available
models for thermodynamic properties can be used.
Aspen Plus has an MEA property insert model [5]
which was used in all the references [1-3]. Aspen
HYSYS has an Amines Property Package [6].
Within the Amines Property Package, one of the two
models, Kent Eisenberg or Li-Mather, can be se-
lected. Even though Aspen HYSYS is probably the
most used process simulation program in the world,
there has not been found any journal references on
CO; removal from atmospheric exhaust gas using
this program. There is however much literature on
CO; removal from natural gas at high pressure.
Other process simulation programs containing amine
packages, are ProVision and ProMax.

At Telemark University College, Hysys has been
used since 2000 to simulate CO, removal from gas
based power plants. Most of this work has been
Bachelor and Master student projects with the author
of this paper as supervisor. Major challenges in the
simulation of CO, absorption and desorption proc-
esses, are the description of thermodynamics and ab-
sorption efficiency, convergence and total energy or
cost optimization.

The purpose of this paper is to present and discuss
the use of Aspen HYSYS for simulating CO, re-
moval from atmospheric exhaust by amine absorp-
tion, and to simulate the total effect of efficiency re-
duction in a combined cycle gas power plant.

2. Available models

2.1  Absorption and reaction mechanisms

The details of the mechanisms of CO, absorption
into an amine solution in an absorption column are
quite complex. There are many references about the
chemistry involved in the process, and many refer-
ences and models comprising mass transfer mecha-
nisms and chemical reaction kinetics. Reviews are
written by Danckwerts and Sharma [7] and Versteeg

[8].

First, CO;, has to be transported from the gas to the
liquid surface, and then it is absorbed in the liquid
solution. The gas liquid interface area a (in m*/m’)
and liquid holdup h (in m*/m’) are main parameters
in describing such mechanisms.

In the liquid, the CO, may react chemically with
other components. The following reactions are nor-
mally assumed to take place when CO, reacts in a
primary amine like MEA in an aqueous solution. In
the case of MEA (NH,C,H,0OH), R is C,H,OH.
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CO, + NRH, — RH, NCOO (1)
RH, NCOO +NRH, — RH,NCOO'NRH," (2)

According to equation (1) and (2), two moles of
MEA are necessary to absorb one mole of CO,.

A simple overall description of the combined ab-
sorption and reaction process is simply

CO, (gas) — CO, (absorbed) 3)

The removal of CO, is not 100 %. The % CO, re-
moval is limited both by low absorption and reaction
rates and by the equilibrium conditions.

If the kinetics in the reactions should be calculated,
more details about the intermediate reactions in
equation (1) and (2) should be included. This is
done in the MEA property insert model in Aspen
Plus.

The simulation program Aspen HYSYS is mainly
based on equilibrium calculations. In that case,
equation (3) is sufficient to calculate the absorption
process.

2.2 Equilibrium models

The concentration of CO, in the gas may be ex-
pressed by the partial pressure pco; (eg. in bar) and
the concentration in the liquid may be expressed by
Ccoz (eg. in mole/m’ ).

The equilibrium between the concentrations of CO,
in a gas and a liquid may be represented as a func-
tion

pco2 = f(Cco2) 4)

This expression might be a function of temperature,
pressure and concentrations of the components in the
solution. There are many models available to de-
scribe this function.

In Aspen HYSYS, gas/liquid equilibrium for a com-
ponent (i) is normally calculated using k-values de-
fined by the equation

Ki = Yi/xi (5)

where y; and x; are the mole fractions of (i) in the
gas and liquid phase. For general purpose use, equa-
tion of state models like SRK (Soave Redlich
Kwong) and PR (Peng Robinson) are often used.
Aspen HYSYS recommends Peng Robinson [9].
Peng Robinson is regarded to be suitable to handle
systems containing hydrocarbons, water, air and
combustion gases, the typical components in a natu-
ral gas based power plant.

Traditional equation of state models are not regarded
to be suitable for non-ideal liquid systems. An
amine solution is an electrolytic system and also



comprises chemical reactions. This is not expected
to be well described with traditional equations of
state.

Within the Amines Property Package in Aspen HY-
SYS, one of the two models, Kent Eisenberg [10] or
Li-Mather [11], can be selected. The models are
quite complex, but in principle they are models to
describe the equilibrium of the CO, concentrations
in the gas and the liquid (equation 4).

Aspen Plus has an electrolytic package to calculate
liquid systems containing ions. Different electrolyte
equilibrium models can be used. Using an MEA
property insert model, equilibrium models can be
combined with reaction kinetic models, including
rate expressions of chemical reactions like equation
(1) and (2).

2.3 Column models in simulation programs

A CO, absorption column is a unit where gas flows
up and liquid (eg. an amine solution) flows down.
CO; is transfered from the gas phase to the liquid
phase where it reacts with the amine solution. The
gas and liquid phases are made to get in contact by
the help of column plates or random or structured
packing.

The CO,; stripping column also has plates or pack-
ing, and this column also has a reboiler at the bottom
to provide heating, and a condenser at the top to pro-
vide cooling.

The traditional way to model such columns is by us-
ing equilibrium stages. One plate can be calculated
assuming equilibrium between the CO, concentra-
tion in the gas and liquid leaving the plate. In a
packed column, a certain height of packing can be
modeled as one equilibrium stage.

The equilibrium stage model can be refined by in-
troducing a stage efficiency. Murphree efficiency
for stage number n is defined by

EM = (Y'YH-I) / (y*'YH-l) (6)

where y is the mole fraction of CO; in the gas leav-
ing the stage, y,.; is the mole fraction leaving the
stage below, and y* is the mole fraction CO; in equi-
librium with the liquid leaving the stage. This is il-
lustrated in figure 3.
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Figure 3: Definition of Murphree efficiency

Most process simulation programs have models for
implementing Murphree efficiency in a column
model. The Amines property package in Aspen
HYSYS has a special estimation method for predict-
ing this Murphree efficiency. This is based on the
work of Tomkej [12]. This model is based on ex-
perience with CO, removal from high pressure natu-
ral gas. In Aspen Plus it is also possible to specify
these efficiencies explicitly in an absorption or dis-
tillation column model.

Aspen Plus has a column model (RateFrac) which
can include kinetic rate expressions in chemical re-
actions at each stage. In the references [1-3] the
MEA property insert model in Aspen Plus is used in
a column model.

2.4  Column convergence

To converge a column model in a process simulation
program, all the equations describing the equilibrium
and gas and liquid flows must be solved for each
calculation stage. Including rate expressions for
chemical reactions complicates the calculations fur-
ther. This often leads to convergence problems.

The column model in Aspen HYSYS has a default
set of convergence criterias, and a default set of cal-
culation parameters. Different calculation models
are also available. The Inside-Out algorithm is de-
fault, and a Modified Hysim Inside-Out algorithm is
also available. A damping parameter for the column
iteration is adjustable, and the damping can be speci-
fied to be adaptive.



2.5 Flowsheet convergence

All process simulation programs are based on mod-
ules for calculating different unit operations like heat
exchangers, pumps, distillation columns etc. Process
simulation programs are traditionally divided into ei-
ther sequential modular or equation based programs.
In a sequential modular program, the in-streams of
each calculation module must be known prior to the
calculation, and the out-streams are the result of the
module calculation. The programs Aspen Plus and
ProVision are sequential modular. Equation based
simulation programs can be able to calculate in-
streams based on out-streams. Aspen HYSYS is an
equation based simulation program.

However, also in Aspen HYSYS, the column models
are based on specified in-streams. Because of this,
flowsheets with columns in practice have to be cal-
culated in a modular sequential manner.

In many cases, it is of interest to calculate in-streams
also to columns. This can be done by iteration
methods. In the case of recycle streams, the flow-
sheet can be solved including recycle blocks. A re-
cycle block compares the in-stream to the block with
the out-stream from the block in the former iteration.

In the case of convergence problems in a column
model, recycle iterations complicate the calculations
further. In some cases, a recycle block will not con-
verge due to parameters of minor interest. An ex-
ample of such a parameter is the concentration of a
trace component. In such cases, a possibility is to it-
erate manually on the main parameter (eg. the CO,
concentration) by replacement, and accept the errors
in the parameters of minor importance.
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3. Calculations

3.1 Power plant simulation

Figure 2 shows the principle of a combined cycle
power plant based on combustion of natural gas. A
real plant will be much more complex with many
heat exchangers, recycle pipes and tanks to optimize
the overall efficiency of the power plant. However,
a process as in figure 2 is practically realistic, but it
will not have an optimum overall efficiency.

The main purpose of the power plant simulation is
to make a simple but realistic model to evaluate the
influence of heat for CO, removal on the overall
power plant efficiency.

A simplified combined cycle 400 MW gas based
power plant has been simulated with Aspen HYSYS.
Pure methane is used as natural gas, air is 79 % ni-
trogen and 21 % oksygen, 100 % combustion is as-
sumed, and traditional temperatures and pressures
are used in the process. The Peng Robinson model
has been used for the thermodynamic properties in
the power plant. Specifications for the calculation
are listed in table 1. A flowsheet of the Aspen HY-
SYS model is presented in figure 4. This model has
been developed during the Master Thesis work of
Kristin Vamraak [13] and Bjern Moholt [14].

Inlet air/gas temperatures 25°C

Inlet natural gas pressure 30 bar(a)
Combustion temperature 1500 °C
Steam high pressure 120 bar(a)
Steam medium pressure 3.5 bar(a)
Steam low pressure 0.07 bar(a)
Pressure to stack 1.01 bar(a)
Stack temperature 100 °C

Exhaust to

turbine

StTurb effectt

Table 1: Specifications for Power Plant Simulation
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Figure 4. Aspen HYSYS model of simplified gas power plant.




To have a physically possible prosess, the flue gas
temperature (680 °C from gas turbine to exhaust at
100 °C) has to be higher than the steam temperature
through all the steam heat exchanger. This results in
a maximum superheated steam temperature of 540
°C (at 120 bar). The chosen pressure is not opti-
mized.

The efficiencies in compressors, gas turbines and
steam turbines have been fitted to achieve a total
thermal efficiency of 58 % (which is traditional) in
the gas based power plant. The total efficiency is
calculated as the turbine effects (minus compressor
and pump) divided by the lower heating value of
natural gas. The compressor efficiency (adiabatic)
was adjusted to 90 %, the expander part of the gas
turbine (expander) and the steam turbines were ad-
justed to 85 % (also adiabatically). These values are
high compared to actual efficiencies for such equip-
ment. A real power plant would be more energy op-
timized, and have lower equipment efficiencies.

In this part of the power plant simulation, the steam
delivery (for CO, removal) is set to zero.

3.2 Simulation of CO, removal base case

An absorption and desorption process for CO, re-
moval with an aqueous MEA solution has been
simulated. The exhaust gas from the power plant
model is used as the feed to this model. The absorp-
tion column is specified with 10 stages each with a
Murphree efficiency of 0.25. (An estimated HETP
(Height Equivalent to a Theoretical plate) of 4 me-
ter, is about equivalent to 0.25 efficiency for each
meter of packing.) Traditional concentrations, tem-
peratures and pressures are used in the base case
simulation. The thermodynamics for this mixture is

Make
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described by an Amines Property Package available
in Aspen HYSYS. The Kent Eisenberg [10] model
is selected in the Amines Property Package.
Specifications for the calculation are listed in table
2. The Aspen HYSYS CO; removal model is pre-
sented in figure 5. Different versions of this model
have been developed in several student projects.
The version in figure 5 is based on a Master Project
work by Trine Amundsen [15].

Inlet gas temperature 40 °C
Inlet gas pressure 1.1 bar(a)
Inlet gas flow 85000 kmole/h

3.73 mole-%
6.71 mole-%

CO; in inlet gas
Water in inlet gas

Lean amine temperature 40 °C
Lean amine pressure 1.1 bar(a)
Lean amine rate 120 000 kmole/h*)

MEA content in lean amine 29 mass-% *)

CO, in lean amine 5.5 mass-% *)

Number of stages in absorber 10
Murphree efficiency in absorber  0.25

Rich amine pump pressure 2 bar
Heated rich amine temperature 104.5°C *)
Number of stages in stripper 6(3+3)
Murphree efficiency in stripper 1.0

Reflux ratio in stripper 0.3
Reboiler temperature 120 °C
Lean amine pump pressure 2 bar
Minimum deltaT in heat exch. 10 °C

*) In first iteration

Table 2: Specifications for Base Case CO, removal
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Figure 5. Aspen HYSYS model of CO, removal.
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85 % CO, removal can be specified in the process.
The Kent Eisenberg equilibrium model has been
compared with the Li-Mather equilibrium model
[11]. The CO, removal calculated by Aspen HYSYS
was reduced from 85 to 82 %, and the heat con-
sumption was reduced from 3.65 to 3.4 MJ/kg CO,.

3.3 CO, removal sensitivity calculations

3.3.1 Variables held constant

The model has been used to evaluate the effects of
changing the most important parameters.

In most of the calculations, the CO, removal and the
stripping heat consumption were calculated, while
keeping all the other parameters in table 2 constant.
From a calculation viewpoint, this is probably the
simplest.

Another possibility had been to keep the % CO, re-
moval constant, and calculate the heat duty and the
necessary column height. This would give the pos-
sibility to optimize the trade-off between operation
cost (due to heat consumption) and capital cost (due
to column height).

In the cases where the default Inside-Out algorithm
did not converge, the Modified Hysim Inside-Out
algorithm with adaptive damping was tried to obtain
convergence.

3.3.2 Circulation rate

The effect of increased circulation rate, is that the
removal grade increases. The results of the simula-
tions are shown in figure 6. A minimum calculated
steam consumption is calculated to 3.62 MJ/kg CO,
removed.
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Figure 6: Circulation rate dependence

3.3.3 Number of absorption stages

The height of the absorption column is varied by
changing the number of stages. The Murphree stage

"] HEAT CONSUMPTION, MJlfkg CO2
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efficiency for CO,; is kept constant at 0.25. The
height can also be changed by varying the stage effi-
ciency. As expected, removal grade increases and
heat requirement decreases with increased column
height. The result is shown in figure 7. The calcula-
tion diverges using more than 12 stages in the col-
umn.

Hysys has calculated estimated Ey; (equation 6) for a
plate, and the resulting Ey; for a plate varied between
0.08 and 0.13.
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Figure 7: Number of stages dependence

3.3.4  Absorption temperature

An increase in gas and liquid inlet temperature leads
to reduced absorption at equilibrium. Simulation re-
sults based on a constant stage efficiency are shown
in figure 8. In practice, a higher temperature will
give a higher absorption and reaction rate, but the
equilibrium results will not show this effect.
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Figure 8: Absorber temperature dependence
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3.3.5  Absorption pressure

The absorption pressure is set to atmospheric pres-
sure at the outlet and atmospheric pressure plus pres-
sure drop at the inlet. The pressure inlet in the base
case was 1.1 bar. In the case of a pressure drop of
0.5 bar, the % CO, removal increased to 87.1 % and
the energy consumption was reduced to 3.59 MJ/kg
CO; removed.

3.3.6 Reboiler temperature

Increased reboiler temperature gives purer amine so-
lution and better CO, removal efficiency. However,
amine degradation problems arise above 120 °C.
The temperature was varied between 118 and 121
°C. It was difficult to get converged solutions out-
side this range. At 121 °C, an outside range warning
was given. The results up to 120 °C are shown in
figure 9.
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Figure 9: Reboiler temperature dependence

3.3.7  Stripper pressure

The stripper pressure was specified to 2 bar(a) in
the calculation. It was very difficult to get a con-
verged solution at other pressures. A solution
with a warning (outside range) was achieved with
a pressure at 1.9 bar(a).

3.3.8 Minimization of heat consumption

There have been performed many Aspen HYSYS
calculations at different conditions. One aim is to
reduce the heat duty as much as possible. The low-
est heat consumption calculated was 3.39 MW/kg
CO; removed. The CO, removal efficiency was
then 93.8 %. This was obtained with gas tempera-
ture at 30 °C, 16 absorption stages, stripper pressure
2.0 bar and reboiler temperature at 200 °C. At lower
temperatures or more absorption stages, the calcula-
tion did not converge.

(%) HEAT CONSUMPTION, MJlikg CO2
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3.4 Power plant efficiency reduction due to

CO, removal

The steam consumption in the CO, removal process
is delivered from the gas power plant as shown in
figure 2, and the total thermal efficiency is reduced.
Steam at 3.5 bar is delivered at 139 °C. When the
base case heat consumption was used, the total effi-
ciency was reduced from 58 % to 53 %. If the effi-
ciency loss due to exhaust gas fans and circulation
pumps was included, the resulting total efficiency
would be approximately 50 %. If energy for CO,
compression and condensing was to be delivered
from the power plant, the total efficiency would be
below 50 %.

The calculated alternative with the lowest duty was
with 3.39 MJ/kg CO, removed. This gives a re-
duced reduction in total efficiency of 0.4 % (%-
points).

The effect of a possible lower temperature for heat
stripping can be calculated. The medium steam
pressure can be reduced slightly. The same duty is
used, and the total effect should give a slight in-
crease. This effect is so marginal, that it is within
the uncertainty of the calculations.

4. Discussion and Conclusion

41 Accuracy

With the same specifications, the calculated results
vary slightly dependent on initial values. The accu-
racy in the calculations is normally within 1 % (ab-
solute) in the CO, removal and a few percent (abso-
lute) in heat consumption. This accuracy can proba-
bly be improved with tighter convergence limits.

The uncertainty due to equilibrium is probably
higher. This is indicated by the CO, removal chang-
ing with 3 % (%-points) when changing equilibrium
model from Kent Eisenberg to Li-Mather. The un-
certainty in the power plant calculation due to the
Peng Robinson equation of state has not been
checked, but is expected to be less than the uncer-
tainty in the amine models.

4.2  Evaluation of the simplified process

The calculated CO, removal process is a simplified
process. Heat losses and some pressure losses are
neglected. A real process contains more equipment,
pipes and valves, and all this equipment also have
heat losses and pressure losses.

A real process with MEA will probably include a
water wash section to reduce MEA emissions and a
reclaimer unit to recover MEA from thermally de-



generated MEA. These additional units will in-
crease the energy consumption.

There are possibilities to reduce the energy con-
sumption in the process by different stream configu-
rations (eg. split stream). These possibilities will
however normally increase the investment.

The calculated heat consumption of 3.65 MJ/kg CO,
is regarded as realistic. This is slightly lower than
normally found in literature, eg. Desideri [1] which
has a list of references with values mostly above 4.0
MJ/kg CO,. If water wash is included in the highest
value, this can explain the difference. The lowest
calculated value of 3.39 MJ/kg CO, is regarded as
an optimistic value. It might be regarded as a poten-
tial value for improvements. The cost optimum heat
consumption will probably be a trade-off between
investment and operational cost.

4.3

There are many problems with convergence in these
calculations. The problems normally occur in the
absorption or stripping column. One problem is
numerical. It is found that the Modified Hysim In-
side-out algorithm with adaptive damping gives the
best convergence.

Convergence problems

If there are too many stages specified in the col-
umns, they tend to diverge. That is traditional for
column stage calculations in typical process simula-
tion tools.

There is also a problem with the range for the model.
The Kent Eisenberg model is limited to below 30
weight-% MEA and below 120 °C. The simulation
is calculated, but the program gives a warning.

4.4  Parameter variations

Different parameters have been varied to calculate
the effects and to make a tool for optimizing the
process.

The only parameter that is varied so that an optimum
is found, is the recirculation rate. In figure 6 it is
shown that a minimum heat consumption (of 3.62
MIJ/CQOy,) is achieved at a lean amine circulation rate
of 2550 ton/h.

When the number of stages is increased, the per-
formance of the process increases, but the calcula-
tion tends to diverge. However, when the column
diverges due to too many stages, the % CO, removal
and heat consumption is probably close to a maxi-
mum.

A reduction in absorption temperature leads to im-
proved performance according to figure 8. Accord-
ing to literature, a temperature of about 40 °C is rec-
ommended. At lower temperature, the reaction rates
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will be too slow. The calculations have been per-
formed with constant column stage efficiencies of
0.25. The original Aspen HYSYS calculates effi-
ciencies are temperature dependent. A temperature
dependent stage efficiency is probably necessary to
find an optimum absorption temperature.

It is not difficult to calculate the effects of absorp-
tion pressure drop. There is a trade-off between CO,
removal efficiency and cost of column height and
pressure drop.

Increased reboiler temperature gives purer amine so-
lution and better performance. The optimum tem-
perature is a trade-off between improved CO, re-
moval and degradation of the amine solution. Aspen
HYSYS limits the calculation to 120 °C as in the
base case. The resulting lean loading (mole
COy/mole amine) in the liquid to the absorption col-
umn is 0.26. This is close to 0.25 as reported as an
optimum by Alie [3].

The stripper pressure is an adjustable parameter. It
is difficult to get a converged calculation with a
stripper pressure far away from 2 bar with 120 °C.
According to Freguia [2], the pressure should be be-
tween 1.5 and 2 bar. It is not obvious whether the
convergence difficulties are due to physical limita-
tions, or if it is a numerical problem. The pressure
must be consistent with the pressure of the amine so-
lution leaving the reboiler. The problems of limited
range of reboiler temperatures and stripper pressures
are probably related.

45 Aspen HYSYS compared to other tools

There are other tools to simulate such processes.
Other commercial process simulation tools like
ProVision, ProMax or Aspen Plus can be used to
simulate the process in a similar way. Aspen Plus
also has the possibility to calculate rate expressions
on an ideal mixing stage (simulating a column
plate). This has the advantage of taking into account
the reaction rates for different reactions simultane-
ously. It is possible (but difficult) to include rate
expressions of absorption (transport of CO, from the
gas to the liquid phase) in such a model. It is also a
question whether this kind of a mixing stage model
is a good model for continuous countercurrent op-
eration as in structured packing.

The presented Aspen HYSYS model is based on a
specified Murphree efficiency for each stage (or
height of packing). It is possible to make this effi-
ciency a function of rate expressions for the absorp-
tion rate and the reaction rates.

It is of course possible to simulate CO, removal
processes without using commercial process simula-
tion programs. It is however necessary to include at



least one reliable and robust equilibrium calculation
model and one robust column model. It is difficult
to compete with the commercial process simulation
programs in these two matters. The commercial
programs also normally have very good input and
output facilities.

A problem with the commercial process simulation
programs, at least from an academic point of view, is
that some of the models of interest are not docu-
mented accurately.

4.6  Further development

There are available calculation models for the design
of CO; removal plants based on MEA. The largest
uncertainty is probably connected to the absorber
stage efficiency. In the case of a structured packing
column, this gives a large uncertainty in the neces-
sary packing height. An improvement here will be
of great value.

In the case of other amines than MEA, the limitation
is in the equilibrium model or in the uncertainty in
the equilibrium model parameters.

In the case of mixed amines, the importance of the
reaction rates increases. Such models are probably
best treated in a rate based model like RateFrac in
Aspen Plus. It is however possible that a practical
approach when using Aspen HYSYS, is to perform
estimation of Murphree efficiency outside the proc-
ess simulation tool.

4,7 Conclusion

The CO, removal model developed in Aspen HY-
SYS is useful for evaluating the effects of changing
amine circulation rate, absorption column height,
absorption temperature and reboiler temperature.
The reduced total efficiency in a gas based power
plant can be calculated.

The developed models can be developed further to
improve amine absorption processes for CO, re-
moval. The combination of one model for a power
plant and another for CO, removal can be useful for
total energy optimization and total cost optimization.

5. Acknowledgements

These models are the result of much trial and error
work done by my students during many years.
Thanks to all of you!

81

References

[1] Desideri, U., Alberto, P. (1999). Performance mod-
elling of a carbon dioxide removal system for power
plants, Energy Conversion & Management 40, 1899-
1915.

[2] Freguia, S., Rochelle, G.T. (2003). Modelling of
CO, Capture by Aqueous Monoethanolamine, AIChE
Journal, 49, 1676-1686.

[3] Alie, C., Backham, P., Croiset, E., Douglas, P.L.
(2005). Simulation of CO, capture using MEA scrub-

bing: a flowsheet decomposition method, Energy Con-
version & Management 46, 475-487.

[4] Tobiesen, F.A., Svendsen, H.F., Hoff, K.A. (2005).
Desorber energy consumption amine based absorption
plants. International Journal of Green Energy, 2, 201-
215.

[5] Aspen Plus, AspenTech, Cambridge Mass., 2006.
[6] Aspen HYSYS 2004.2, AspenTech, Calgary 2007.
[7] Danckwerts, P.V., Sharma, M.M. (1966). The ab-
sorption of Carbon Dioxide into solutions of alkalis
and amines, The Chemical Engineer, oct. 244-280.

[8] Versteeg, G.F., Van Dijck, L.A.J., Van Swaaij,
W.P.M. (1996). On the kinetics between CO, and al-
kanolamines both in aqueous and non-aqueous solu-
tions. An overview, Chem. Eng. Comm. 144, 113-158.
[9] Peng, D., Robinson, D.B. (1976). A New Two-
Constant Equation of State, Ind. Eng. Chem. Fundam.,
15 No.1, 59-64.

[10] Kent, R.L., Eisenberg, B. (1976). Better data for
Amine Treating, Hydrocarbon Processing, 55, No.2,
87-90.

[11] Lee, I.J., Otto, F.D., Mather, A.E. (1975). Solubil-
ity of Mixtures of Carbon Dioxide and Hydrogen Sul-
fide in 5.0 N Monoethanolamine Solution, J. Chem.
Eng. Data, 20, 161-163.

[12] Tomkej, R.A., Otto, F.D. (1986). Improved De-
sign of Amine Treating Units by Simulation using Per-
sonal Computers, World Congress III of Chemical En-
gineering, Tokyo, Sept. 21-25.

[13] Vamraak, K. (2004). Energiforbruk ved CO,-
flerning fra gasskrafverk, Master Thesis, Telemark
University College.

[14] Moholt, B. (2005). Simulering av CO,-fjerning
med aminer, Master Thesis, Telemark University Col-
lege.

[15] Amundsen, T. (2007). CO,-renseanlegg i Aspen
HYSYS, Master Project, Telemark University College.



	ecp072701
	ecp072702
	ecp072703
	ecp072704
	ecp072705
	ecp072706
	Introduction
	Characterization of the governing equations
	Computational costs
	Estimated frequencies

	Integrator algorithm
	Consistency and linear stability analysis
	Order of consistency
	Stability analysis when B = 0
	Full stability analysis

	Adaptivity
	Choice of control objective

	Numerical examples
	Harmonic oscillators
	Non-linear pendulum
	Complex ball bearing

	Conclusions
	References

	ecp072707
	ecp072708
	ecp072709
	ecp072710
	ecp072711
	ecp072712
	ecp072713
	ecp072714
	ecp072715
	ecp072716
	ecp072717
	Abstract
	1. Introduction
	2. Boiler Model 
	2.1 Air - Flue Gas Cycle 
	2.2 Water - Steam Cycle 

	3. Comparisons with plant data and simulation tests 
	4. Conclusions and future plans
	References

	ecp072718
	ecp072719 
	ecp072720
	Abstract
	1.Introduction
	2.Related work
	3.Ontologies and mappings
	4.Visualizations
	5.Implementation Environment
	6.An Example Case: Bleaching Line
	7.Future work
	8.Conclusions
	References

	ecp072721
	ecp072722
	ecp072723
	ecp072724
	ecp072710b.pdf
	ecp072701
	ecp072702
	ecp072703
	ecp072704
	ecp072705
	ecp072706
	Introduction
	Characterization of the governing equations
	Computational costs
	Estimated frequencies

	Integrator algorithm
	Consistency and linear stability analysis
	Order of consistency
	Stability analysis when B = 0
	Full stability analysis

	Adaptivity
	Choice of control objective

	Numerical examples
	Harmonic oscillators
	Non-linear pendulum
	Complex ball bearing

	Conclusions
	References

	ecp072707
	ecp072708
	ecp072709
	ecp072710
	ecp072711
	ecp072712
	ecp072713
	ecp072714
	ecp072715
	ecp072716
	ecp072717
	Abstract
	1. Introduction
	2. Boiler Model 
	2.1 Air - Flue Gas Cycle 
	2.2 Water - Steam Cycle 

	3. Comparisons with plant data and simulation tests 
	4. Conclusions and future plans
	References

	ecp072718
	ecp072719 
	ecp072720
	Abstract
	1.Introduction
	2.Related work
	3.Ontologies and mappings
	4.Visualizations
	5.Implementation Environment
	6.An Example Case: Bleaching Line
	7.Future work
	8.Conclusions
	References

	ecp072721
	ecp072722
	ecp072723
	ecp072724

	titlepages.pdf
	Additional Papers (not presented during the conference) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.268 x 11.693 inches / 210.0 x 297.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20071220115928
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     No
     635
     395
     None
     Left
     348.6614
     0.0000
            
                
         Both
         AllDoc
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     47
     202
     201
     202
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 12.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 28.35 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     1
     TR
     1
     0
     629
     340
    
     0
     12.0000
            
                
         Both
         202
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     28.3465
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1
     Quite Imposing Plus 2
     1
      

        
     0
     202
     201
     202
      

   1
  

 HistoryList_V1
 qi2base





