ASPEN ENGINEERING SUITE
OVERVIEW
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General Overview

Software for integrated process engineering, including steady-state
and dynamic process simulation, equipment design, and cost
evaluation.

Common Models & Data
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Source: Aspen Technology, 2012
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ASPEN PLUS

OVERVIEW
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Aspen Plus

e Aspen Plus is a process modeling tool for conceptual design,
optimization, and performance monitoring for diverse industries.
Aspen Plus is a core element of AspenTech’s Process Engineering
applications.

e Given thermodynamic data, realistic operating conditions, and
m rigorous equipment models=>» Its possible to simulate actual plant
L2, behaviors, by using basic engineering relations such as mass
$KTH‘§* and energy balances, and phase and chemical equilibrium
 Features
» Best-in-class physical properties methods and data
Diverse Model library : Simulation of a wide range of processes
Scalability for large and complex processes

Online deployment of models: real-time optimization/advanced
process control applications

Workflow automation: Aspen Plus models can be linked to Microsoft
Excel® using Aspen Simulation Workbook or Visual Basic®
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Aspen Plus
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Source: Aspen Technology, 2012
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Simulation Steps

1. Define Process Flow Sheet.
Units —Streams-Models

U
2. Specify Chemical Components

adn U

éég _ g%% 3. Specify Thermodynamic Model
% }g};ﬂ, b Estimation of physical properties
QQ%DCH KONST%Q.@ @

B E

4. Specify Flow Rates and
Thermodynamic conditions

4

5. Run Simulation — Analyze Results
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Define Process Flow Sheet

Coal Drying Flowsheet

EXHAUST

Temp=77 F

Pres = 14.7 PSI
Coal Flow = 10000 Ib/hr
g Water Content = 25 wi% DRIER
WET COAL > l=aharic
= iahati
o S, " Adiabatic
EZKTH

VETENSKAP

&9 OCH KONST 9%

G i
> &S
NITROGEN
Temp =270 F
Pres = 14.7 PSI
Mass Flow = 50000 Ibfhr DRY COAL >
Meole Fraction N2 = 0.999 Water - 10

Meole Fraction O2 = 0.001

Source: Aspen Technology, 2012
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Specify Chemical Components

~ Simulation 1 -
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Source: Aspen Technology, 2012
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Simulation 1 - Aspen Plus V7.2 -

aspenONE

File Edit View Data Tools Run Plot Library Costing Window Help

Specify Thermodynamic Model

S pecifications

- @&
o
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< e < a w|>> CE @ Ne
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Source: Aspen Technology, 2012

energi Heat and Power Technology, Stockholm, Sweden




&%

ég E=——=3 g&
3 E
& KTH %
{E VETENSKAP
$9 OCH KONST 9%

Y

Specify Flow Rates conditions

Input -

-- ENG & = << [al » g @ e "2 X K
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Simulation Results

B ¥ N

78 O 13

[£A] Custom Stream Summ R S - | 3

Eﬁﬂ Setup

Specifications
Simulation Options
Stream Class
Substreams
Costing Options
Stream Price
Units-5ets

Custem Units
Repert Options
Components

Properties

Flowsheet

Streams

Blocks

DRY-FLSH
DRY-REAC

Setup
Convergence
Dynamic
Block Options
Results

EO Variables
EQ Input

Spec Groups
Ports

Stream Results
Custom Stream Resi

e WO SO W

|

i,

] Utilities
#--7] Reactions
[ 1 | »

| »

From DRY-FLSH | DRY-FLSH : DRY-REAC
To DRY-FLSH : DRY-REAC | DRY-REAC
Substream: ALL
Mass Flow 10000.00 : 1.40085E+5 | 1.41085E+6 | 1.40085E+6 : 10000.00
Mass Enthalpy -7.9344E+6 | 5.22431E+7 | 443087TE+7 : 6.72555E+T | -2.284TE+T7 =
Substream: MIXED
Phase: Missing Vapor Vapor Vapor Missing
Component Mole Flow
H20 0.0 0.0 0.0 0.0 0.0
N2 0.0 49956.22 4995622 4995622 0.0 | 8
a2 0.0 4377816 43778186 4377816 0.0
Mole Flow 0.0 50000.00 50000.00 50000.00 0.0
Mass Flow 0.0 1.40085E+6 | 1.40085E+6 ; 1.40085E+6 0.0
Wolume Flow 0.0 2.5064TE+7 | 2.50847E+T : 2.88340E+T 0.0
Temperature 227.0089 227.0089 270.0000
Pressure 14.70000 14.70000 14.70000 14.70000 14.70000
Wapor Fraction 1.000000 1.000000 1.000000
Liquid Fraction 0.0 0.0 0.0
Solid Fraction 0.0 0.0 0.0
Molar Enthalpy 1044.862 1044852 1345110
Mass Enthalpy 37.28380 37.29350 48.01053
Enthalpy Flow 5.22431E+7 | 5.22431E+7 : B.72555E+T
Molar Entropy 1.730185 1.730185 2.154285
Mass Entropy 0817541 0617541 0768914
Molar Density 1.99484E-3 | 1.994B84E-3 : 1.87730E-3
Mass Density 0553892 0553892 0525963
Average Molecular Weigh| 28.01697 28.01697 28.01697
Substream: NCPSD ¥
4[]\ Defaurt | T

Source: Aspen Technology, 2012
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ASPEN CUSTOM MODELER

OVERVIEW
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General Overview

e Aspen Custom Modeler is a process and equipment
model development and simulation environment

e Aspen Custom Modeler (ACM) is used to create
Qgg@% rigorous models of processing equipment and to
FKTHS apply these equipment models to simulate and

g, cciloner 3 optimize continuous, batch, and semi-batch
R processes.

e It is used across many industries including
chemicals, power, nuclear, food and beverage,
metals and minerals, pharmaceuticals, and othrers
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Features

Designed for process engineers : ACM uses a flow
sheeting environment based on streams and equipment
and includes built-in understanding of components and
process thermodynamics.

Graphical User Interface

[ menws |\[_velp ]

Run button

Jrecyy
EKTHY
VETENSKAP
QQ OCH KONST Q_@
Q [}
e .., 899§ Smemse=
Contents of | Flowsheet
selected
object

EE—— -
| s'f“"'?f'?’f messages | \[ Specification status |
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Features

Physical properties methods and data: ACM is fully
integrated with Aspen Properties, it includes extensive
databases of pure component and phase equilibrium data

for chemicals, electrolytes, solids, and polymers

Databanks

Properties to create a

new properties file, or

modify the properties
file currently used

Select aprokp/aprinp file,
run Aspen Properties to

APRPDF/APPDF file | [

ComponentList with Physical Properties

APRBEP/BKP
file

APROP/APW
file

Modeler library

————— R

Select aprpdf/appdf
Aspen Properties or

initialzn proparies (Runil)

ComponentList

Source: Aspen Technology, 2012
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Features

Equation oriented architecture : ACM language is
declarative, you say ‘“what” you want and leave it to ACM
to find out “how™.

- Solver for system of Algebraic Equations, based on Newton
iterative procedure

- Steady State model: 3 equations, 6 variables

m ACM language

Qé@ e Q&QQ Fin Equations Fin, Fout as flow wvol; =
. B Al Yariahles Tab e
“% I(TH %ﬂ _l ﬂ F F k as realvariable; J Bl &lTarizhles Tah ke
VETENSKAP — tin U aur h as length:
o9 OCH KONST %
- . F =kah V as volume;
TR ol
V = Ah L as area;
AJ‘GE k 0 = Fin — Fout;
Fout = k*sqrt(h);
Fout Vv = A*h;

Note that the eguations need not be varfable = expression,
they can be expression = another expression

Source: Aspen Technology, 2012
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Features

- System of differential and algebraic equations

Equations Fin, Fout as flow wvol;
Fin accumulation k as realvariable;
| \ e h as length; Variable | type |specification
dV V as volume; Fin__|algebraic| _ FIED
1 I =
1 = F;,, _Fau.r A as area; SR I e R HHEE
L dt/ v stale FREE
gﬁ@ o k__ |agebac| FIED
— — _ . h algebraic INITIAL
PR F o o=kah $V = Fin — Fout; =
é@ Qéfﬁ V= Ah Fout = k*sgrt(h);:
FKTHE + S
% VETENSKAP
28 OCH KONST &g Fout $variable in ACM language represents the time derivative of the variable

s Source: Aspen Technology, 2012

Integration Algorithms

- Implicit: Implicit Euler (fixed or variable step), gear
- Explicit: Explicit Euler, Runge Kutta
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Features

Flexible user-defined forms

S Volume
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>
¢ oL
(@]
1 1 1 1 1 1 1 1 1 ]
9,0 9,5 10,0 10,511,011,512,012,5 13,0 13,5 14,0
Time Hours
e ﬂ} Table Forms Time series Plot forms
9 OCH KONST © P
- 5 % % Pressure vs Volume
- [Te) . . .
m%x%ﬁ ﬁ g_ Mass distribution
=5 £92°
=18 § o Sw
= (S
by o 8 28r
a c VO
05 Ss58
6:8 25 Sm
i o<y
4] | s 8 ogF
— E x P
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L L L L L L L L ¢ ¢ ¢
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Optimization and estimation tools enabling
parameter fitting, data reconciliation, and steady-state
and dynamic process optimization.

Estimation example

L

r=k,.e"R1.C,?
dC,/dt = -r
dC,/dt =1

The model is fitted by finding the best values for the

Features

kO = 9.74 (standard deviation 0.39)

Estimation: Measured Variable - DynamicExp 1

<> Ohaerved

Ret.Ca kmol/m3
025 0.5 'EI.ITS

1 1 1 1 1 1 1 1
0 1 2 3 4 5 [ 7 L]
Time: Hours

d

||||||||||| 1s

Source: Aspen Technology, 2012
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Features

Optimization example

Dynamic Optimization
min g (x(f,), x(t,) z(t,), u(tr), v) Obectve

. Minimize cost,
subject to E%ﬁlﬁ:mm
Fix,x,z,8)=10 Grade fransition tima
x = x(t), x(0) = x, ¢ pae
::h L(i) = x(i) = U (i)
Q‘gg%%@ﬂ 0 < 1 < 15
*a‘éZSI(TH%& C(f(e‘f],x(tf),z(tf)) =
9 ng:LEn?]oSSQTP of . Constraints
QE& -ﬁgo C { * ( t i )’ & ( t £ )’ < ( t f )} 2 0 Mazimum reactor temperature over tima;

Final coneenirabion of components

L(iYy £ Jwuw (t), v(i < U (i) Decision and control variables
(i) = {u, (1) v(i) () Decision and c

Model paramelss,

Control funclions,

Final ima;

Reacton rabes,

Reflux ratios

Y

@@ Heat and Power Technology, Stockholm, Sweden




&%

B g,
EKTHS

VETENSKAP
&9 OCH KONST 9%

Y

Flexible Task Language to define batch recipes,
transition schemes, or to simulate process equipment
failures or other disturbances

Heating System example:

Task hw runs at 0.01
while El1.dT < 100 de
Bl.g : 0.01 {kW}; // heat
wait 0.1;
Bl.g : 0; // stop heat
wait 0.1;
endwhile;
End

(SJeers

nergi Heat and Power Technology, Stockholm, Sweden

Source: Aspen Technology, 2012
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Features

- Export Equipments or process models

Workflow

&%

B g,
EKTHS

VETENSKAP
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Y

model.msi

Source: Aspen Technology, 2012
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Features

Library of control models : to simulate process control
systems.

*Online deployment of models : ACM includes an OLE for
Process Control (OPC) interface, enabling links to process control
and information management systems

*Workflow automation: ACM models can be linked to Microsoft
Excel® using Aspen Simulation Workbook or Visual Basic®,
enabling workflow automation and allowing model deployment to
casual users
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Model Example
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Stirling Engine Adiabatic Model + Losses

T adiak

Assumption S Cooling Water in (Twi) =y [ T~

-Adiabatic expansion and compression
spaces

- Sinusoidal volume variations

.. . Cooling water out [ Twwa)
-ldeal gas inside the engine

Source: Urielli 2014, http://www.ohio.edu/mechanical/stirling/me422.html
- Heat Losses
-Friction and Pressure drop losses

-Non ideal Regenerator

- Heat transfer model from the external
source to the engine included.

Source: Genoa Stirling, http://www.genoastirling.com/
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Solution Aspen- C++

p=ME/(Ve/Te+ Vk/Tk+ Vr/Tr+ Vh /Th + Ve /Te) DPressure
dp — —y p (dVec [/ Tck + dVe /f The)
T [Ve/ Tek +v(Vi/ Tk + Vi /Tr + Wh/Th) + Ve /The ]
me = p Ve /(B Tc)
mk=p Vik /(R Tk) MMasses
mr = p “r/ (ETr)
mh = Vh /(R Th)
me = p Ve /(K Te)
dme = (p dVe + Ve dp /v) /(B Tek) Mass
dme = (p dVe + Ve dp /v) / (E The) A ccumulations

dmk=mkdp /p
dmr=mrdp /p
dmh =mhdp /p

meck' = —dmce

mla' = mel' —dmle
mhe' = dme

mrh' = mhe' + dmh

Mass Flow

if mck' = 0 then Tck = Tc else Tck = Tk Conditional
if mhe' > O then The = Th else The = Te Temperatures
dTe = Te (dp / p + dVe / Ve —dme / me) Temperatures
dTe = Te (dp / p + dVe / Ve — dme / me)
dQlkz = Vi dp cv/ E —cp (Tck mck' — Tk mk') Enersy
dr= Vrdpev/ER —cp (Tkmlxa' —Th mrh')
dh = Vhdp ev/EFE —cp (Th mih' — The mhe')
dAWe = p dVe
dWe = p dVe
dW = dWc + dWe
W= Wec + We
J
APM
daQ = =—4F—
£
Pressure Losses :
AP — — 2 fl’/,zl myY
Ad © o
kA
Internal Conducction Heat dQ = o~ AT
Exchangers
dQ =1—&(dQri)
Regenerator Losses
40 = 0.4z%kpDd(Td —Tc) — |
Shuttle Effect Losses - JLd

Ths(source)
Tks(source)

I A

Tho(heater)
Tko(cooler)

t

Teo=Tho

Tho=Th
Tko=Tk

Tco= Tko

i

Solve Differential

eate

Equations
Calculate Tc, Te

After 360
(cycle)
If Tc<>Tco
Te<>Teo

Qheater
Q cooler
Qloss

Y

Th=Ths-Qhs/UA
Tk=Tks-Qks/UA

Tco=Tc
Teo=Te

C

Qheater
Q cooler
Qloss

E4

Ed
v

By Solution-complete. c

Z Source
13 KB
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Preliminary Results — Adiabatic model

Mass distribution

0,09.25

Pressure vs Volume

=O=- Compression Space (kg)
- Expansion space (kg)
== Regenerator space (kg)
0,0975

00925
—— Pressure (Pa)
1,5e+007 2,e+007 2,5e+00°

o

| | | |
,0 1,57 3,14 4,71 6,28

o T Crank angle (Rad)
£ KTH$

2,e-004 4,e-004 6,e-004 8,e-004
Work Volume (m3)

0,001

VETENSKAP
&9 OCH KONST 9%
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Heat

20000,0

=
77

/

Nl

| | | |
00 157 3,14 4,71 6,28
crank angle

,0 0,0 4000,8000,0

-O- Total Work (Joules)

{1 Compression Work(Joules)
<> Expansion work (Joules)
<> Isothermal Work (Joules)

0,0

O Q heater (Joules)
1 Q cooler (Joules)
<4000

| | | ]
0 1,57 3,14 4,71 6,28
Crank angle (Rad
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