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SBIR Project Overview

* Introduction
* |IDAES (Institute for the Design of Advanced Energy Systems)
* Open-source computational platform.
* Extensive modeling environment for power plant and process applications.
e Equation-oriented analytics
* Supports dynamic analysis and optimization.
* IDAES is ideally suited for the energy-system modeling challenges of the future

* Problem Identification:
* Building IDAES models requires IDAES-specific expertise
* No user interface to support IDAES model building
* IDAES modeling is implemented via Python-language programs.
* Many process-system engineers are not familiar with Python.

e Solution:
* Develop a desktop software application to support IDAES users.
* Implement a flowsheet-based, graphical-user-interface.
* Eliminate the need for user to write Python programs.
* Make IDAES easier to use.



Software Concept

e User builds model using flowsheet GUI.
* Software creates the Python code needed to run the IDAES analysis.
e Software runs analysis and retrieves results for display on flowsheet.
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User Experience

User Interacts with the software via the flowsheet Graphical
User Interface (GUI)

Open an existing model or to create a new model

Add/delete equipment icons (unit-models) 12 MapE Model Edr, Demo DAES SicamCcle -

File Edit DataFiles Analysis View Help

Add/delete streams (arcs) Connecting unit models ﬁﬂg..\.....‘ED.,...‘..H?“.....PP..‘...“ﬁq..l...‘lt?.o..‘..,h.Z.P......hﬂ?...‘..h??...,..hs.P.l....Rq.o.....‘R?.D.h...E??..,...R%..“.P.S..o‘.,...E%......FER...“ﬁ‘f?......RB.;'.Ji]
Enter input data via dialogs assessed from flowsheet [ %’ 2 e
Run Analysis B | -
* Software generates IDAES Python code file 1 = Jom
* IDAES analysis runs and generates results il e
Results are displayed on flowsheet i e
i% E [0 stateJunction Block
Save model for future access g
L; B Q Turbine (Inlet)
3_? li] Turbine (Outlet)
—:_; G Turbine Stage
:_g | | [><] Steam Valve




Model-Controller-View Software Design

The Model

Manages the data of the application

Implements the IDAES analysis

Receives user input from the Controller

Model does not communicate directly with the View.

The View

Renders a graphical (GUI) presentation of the model data.
Handles interactions with the software user
View is independent of the Model.

The same View component is used for the hybrid analytics system
being developed in DOE project DE-FE00031753.

The Controller

Responds to the user input from the View and performs
interactions on the data model objects

The Controller receives the inr)ut, optionally validates it, and then
passes the input to the Mode

Mediator

Controller

Property
Update

Model

Observer

Property
Change

User
Action

Component
Update

View

Java Swing




Model-View-Controller Implementation

Power Plant

Measured Data

IDAES
Platform

<

CONTROLLER

XML Model File

Model Data

Stores all data.

powerplants

Model generates Python code
and runs IDAES analysis

cycles

Retrieves results from IDAES
Writes results to data stores

equipments

Supports data acquisition
Stores data in XML file

vars

Controller communicates with model data and
flowsheet GUI.
Controller enforces rules for
* Adding/deleting flowsheet unit-models
* Adding and connecting arcs (streams).
* Entering data.
* Displaying results

using the flowsheet GUI.
Data can be entered using

5 & streams (arcs)
Displays calculated results

is saved in XML file.

User builds/runs MapEx model
st — dialogs for unit-models and flow

* Flowsheet graphical information




Build and Run an IDAES Model

1. Construct flowsheet representation of the model

a) Add equipment icons to flowsheet
1. Drag selected equipment icon onto flowsheet
2. Give the equipment a name
b) Add flow streams between equipment icons
1. Drag cursor from source equipment to target equipment
2. Specify the source port and target port
3. Give the stream a name

2. Enter/Edit Input Data
a) Double-click on equipment to view its input/output variables
b) Edit data for each variable by right-clicking “edit”

3. Click: Run Analysis
a) Software generates Python code file representing the model and its data
b) Open and run the file in your Python development environment (Idle or Spyder)
c) Running and retrieving results will be automated in Phase |l



Build Flowsheet Model of a Power Plant Cycle

* Create a new IDAES (cycle) model
* Input names of Model, Plant and Cycle

e Add unit models

* Drag lcons onto Flowsheet

I MapEx Model Editor, SteamCycle:Test:TestCycle

- m} X
File Edit Analysis View Help
.. 09, PO PO PO B0 PO, FP . B0, PO, 09, [0, [20, [z, [, [59, [e0, [79, Feq,  [e9, Poo, Bfo, P29, P39, P, P50,  PSO P79, [FEG, P{V [
-

1 7y CI
24 Pressure Changer
= 4 P g

1 <
|51 .

] L) New Equipment X E:> Product Block
G
ef : Name: HPturb | | separator
2] - Description: [ngh Pressure Turbine | —q Splitter

1 = B
I
"L_ N \:' Stoichiometric Rreactor

1 : S~ I Ok Cancel
o - ~
=] N S -

i : T~a 1D statedunction Block
gl - ~<_

- = ~

1 [-] S~o i
18] 100w S<o Turbine (Inlet)

1 .o
2] R =
= - Turbine Multistage
o Tl
=1 S~

] S~ Q Turbine (Outlet)
~~.
B S
- ~ -~
& 7 G Turbine Stage
2
- - Steam Valve A




Edit Input Data (Outlet Pressure) for Turbine Stage

T2 MapEx Model Editor, SteamCycle:Test:TestCycle - X
File Edit DataFiles Analysis View Help
- SO O 2 T T P N A 30, faq, 1159, 1150, [179, feo, fRo | — ]
] = L Equipment: HPturb Equipment Variable: outletPressure X ‘
12 4 b [ Variables | Details
E - Variable Details
35 Variables and Measurements Name: outletPressure
] E Fitter: [ ” X ‘ Description: [outiet pressure
3: . Variahle Description Value IDAESInput Action Ta..| Ta.. Var Type: double
B - addTPXport|Add an output port using TPS . 0fiapws95.I... |unfix 0 —
] : efficiencyl... Isentropic efficiency 0.9 fix 0 Action: fix
i - inletEnth... inlet enthalpy in moles 65,000 unfix 0 Tag Name: ColdReheatPress
B - inletFlow... [inletflow in moles 10,000 unfix 0 X
] N inletPress...|inlet pressure 19,300,000 unfix 0 Tag Value: 41400000
|B: . inletTemp... inlettemperature 819 unfix 0 Tag Units: Pa
] - outletEnth... joutlet enthalpy in moles 50,000 unfix 0 c
o] :E_:l HPturb outletFlow... outlet flow in moles 10,000 unfix 0 L 0.01
=N . outletPres...|outlet pressure 4440000 fix Col..[41... Measured: 4140000.0
] - outletTem...[outlet temperature | Edit... | unfix 0 Value: 4140000.0
o] : pressure... [pressure ratio 10 unfix 0 .
= . propertyP... [Name of property package 0|m fs.prop... fix 0 IDAES input:
_: - workMech...Wark input or output 1 unfix 1] Python Var Name: |outlet[] pressure
8] - Units: Pa A
] EI Heat Balance: 0.0 \
8] w0 Results Units: \
D: Out Tag Name: \
Es Minimum: 0.0 \
DI Maximum: 0.0 \
1= Reference: 0.0 \
] Report Level: 2
&7
g { ‘ \ Cancel ‘ Ok ‘ ’ Ccancel ]
all
i -| N Steam Valve | |
4] I =

Python variable name is outlet[:].pressure

N



Some Inputs (property package) are strings

I MapEx Model Editor, SteamCycle:Test:TestCycle - [m} *
File Edit DataFiles Analysis View Help
Illk1IDlIl PII!WIIIF!OIJIFIDIII IDlII ID!IJWIIIWIII1mll1l1?ll]1lz?ll laqll ﬂql!hﬂllhﬁ]ll‘??]kh?qll anIIl_' -
= L2 Equipment: HPturb X Equipment Variable: propertyPackage X ‘
‘ ’ [ Variables Details
- Variable Details
Variables and Measurements Name: propertyPackage
] Filter: [ L x | Description: [Name of property package
. Variable Description Value IDAESIn...| Action| Units | Ta...| Ta... Var Type: Arg
- addTPXp... |Add an output port using TP... Oliapws95... lunfix 1] —
. efficiencyl..|Isentropic efficiency 0.9 fix % 0 Action: fix M
- inletEnth... (inlet enthalpy in moles 65,000 unfix  |kJikg-. 1] Tag Name:
- inletFlow... |[inletflow in moles 10,000 unfix  |kg-m. 0 )
: inletPres... |inlet pressure 19,300,000 unfix |Pa 0 Tag Value: 0.0
- inletTem... |inlettemperature 819 unfix |K 0 Tag Units:
- outletEnt... |outlet enthalpy in moles 50,000 unfix  |kJikg-... 0 -
:E_:I HPturb outletFlo... |outlet flow in moles 10,000 unfix  [kg-m... 0 Uncertainty: 0.01
. outletPre... joutlet pressure 4,140,000 fix Pa Col..[4,1... Measured: 0.0
: outletTe... |outlettemperature 700 unfix K of | => Value: 0.0
- pressure.. |pressure ratio 10 unfix |ratio 0 B
- propertyP_.[Name of property parkane 0/m fs.pro...[fix 0 IDAES input: m.fs.prop_water
: workMec... Work input or outp! Edit. | 1 junfix_|watt 0 Python Var Name: |property_palage
- Units:
E' Heat Balance: 0.0 \
100 % Results Units: \
Out Tag Name: \
Minimum: 0.0 \
D Maximum: 0.0 \
= Reference: 0.0 \
o Report Level: \ 3
g_
.8.: { Ok ‘ [ Cancel ‘ ‘ Ok ‘ ’ Cancel ]
& < DX steamvane 3
4] i | »] -

IDAES Input is: m.fs.prop_water

N



Fix/Unfix Variable Values

e The user can choose to how
the input Value is used.

Equipment Variable: inletPressure

Variable Details
Name:
Description:

Var Type:

Action:

 fix — set the input value of the
variable to the Value

* unfix — leave the value of the
variable unspecified, free to
be determined by the analysis

* value — input an initial value

n
—

Tag Name:
Tag Value:
Tag Units:
Uncertainty:
Measured:
Value:
IDAES input:
Python Var Name:
Units:

Heat Balance:
Results Units:
Out Tag Name:
Minimum:
Maximum:
Reference:
Report Level:

inletPressure
inlet pressure
douhle

ﬁ)-(| o

ifix
unfix

value

0.01
0.0
1.93E7

inlet[].pressure
Pa
0.0

0.0
0.0
0.0

Ok

Cancel




Fix Multiple Inputs

* Set input values for a sufficient number of
input variables to enable prediction of
HPturb power and outlet enthalpy.

* Fix values of
» efficiency
* inlet enthalpy
* Inlet flow
* Inlet pressure
* outlet pressure

* At this point the analysis is ready to run!

for HPturb

I Equipment: HPturb

| Variables | Details

Variables and Measurements

Filter:

Variable
efficiencylsent...
inletEnthmol
inletFlowmoaol
inletPressure
outletPressure
properyPacka...
addTPXport
inletTemperat...
outletEnthmol
outletFlowmol
outletTemper..
pressureRatio
workMechanical

Description
Isentropic efficiency
inlet enthalpy in moles
inlet flow in moles
inlet pressure
outlet pressure
Name of property package

Add an output port using TPS |:wr'w:wpemes:

inlettemperature

outlet enthalpy in moles
outlet flow in moles
outlet temperature
pressure ratio

Work input or output

Value |
0.9
65,000|
10,000|
19,300,000
4,140,000
0|m.fs.prop_water

Oliapws95.lapws9...

819|

50,000|

10,000|

700|

10|

1

IDAESInput

[ x

Action =
fix

fix

fix

fix
fix
fix
unfix
unfix
unfix
unfix
unfix
unfix
unfix

Units
% +
kJikg-mo...|
kg-mole/...|
Pa
Pa
K |
kJikg-mo...|
kg-mole/...|
I;
ratio
Watt

:TagNa.. ‘-Tag‘v’alu,

(=== == === == =i =] =]

Ok ‘ Cancel ‘




Add Splitter to the Cycle

Give the stream a name

D
| File Edit Analysis View Help

Choose ports at stream inlet and outlet

Add a Separator equipment icon to cycle and name it HPIPSplit
Click on HPturb, then drag stream to HpLpSplit

&=, . " PO, FS, , PO, B9, PP, PO P9, PO, ['09, [0, [0, [P0, [%, [0, [0, [0, fiea, 99, Poo. Pio P29, P39, A, P50, P60, PT0, PE9, PS
=% =
] a
114 b
5] d
5 & o
35 : Stream Nam... |HPouf Set Default Name
i—: Port Type
i - HPturb T
B - H20 [~
ii - Source Port
] - Equipment Name:  HPturb
=
=1 . :
] Port Name: outlet -
e —
o; 100 % Target Port
= Equipment Name:  HpLpSplit
E Port Name: SEPARATOR inlet port | v
21
e Ok Cancel
2]
= =
121« I »

Mixer

Pressure Changer

Product Block

Separator

AAGAY

Splitter
D Stoichiometric Rreactor
1 stateJunction Block
Turbine (Inlet)

Turbine Multistage

Turbine (Outlet)

AYAYAYA

Turbine Stage

4
S

L«]



Generate IDAES Python Code

* Add LPturb and HTX equipment icons to cycle and draw flow streams
* Click “Run Analysis”

* Python code file representing the current flowsheet model is generated
* Default nameis: CycleName PythonCode.py

* Analysis does not yet run automatically
* Load file into Spyder (or your chosen Python development environment) to run manually

I2) MapEx Model Editor, rrrtttsss
File Edit  Analysis View Help

Run po.. B0, B0, FO , B0, PO, 100, Ti0  TEROR RGN VIOV e0  [r70, Tiee, Tieq, PO, PO, PP0, PRQ, P, PS5O, OO PTG, RO, P
Ec .
14 b
H e
=R
2] B
S
i
E .

o

o G

& 100 %

&

95 O u} o

= o

- ]

‘E Boiler Surrogate
|:> Feed Block

|:| Flash Tank

ﬂ:]) Feedwater Heater (0D)
[:] Heater

EI Heat Exchanger (0D)

Mixer

Pressure Changer
Product Block
Separator

Splitter

laanad Y

x




Python Code File

» Software creates a file containing Python code to run the flowsheet cycle.
* Diagram below shows Python code to:

* Add Boiler and Drum unit-model and specify optional inputs
 Add connecting Arcs (flow streams) between Boiler and Drum

- N n a
v; 1‘ w—' €
ol E "g
1| Z o "k
- R unit_models 3
1 ) }
‘ — )
D m.fs.a D (
‘ - defaul
= Vi e 3 rty_package" f W,
— - 7 holdu False
- heat sfer”: T
. ress chan,
C— 1. i arcs | m.fs.stream_drum_out = Arc{
J = ) source=m.fs.aDrum.outlet, destination=m.fs.aDowncomer.Inlet
)
m.fs.stream_mixer_out = Arc{source=m.fs.aMixer.outlet,
destination=m.fs.aDrum.Inlet
)




Manually Open and Run Python File

* Use Spyder to open the file: C:\IDAES\CycleName_PythonCode.py
* Click “Run”
* Screen below shows the model and calculated results in Spyder

& Spyder (Python 3.7) - o x

Eile Edit

]

space object of argparse module

fileinput None: cara.b; g Concratal 4 el module
init_log.i .format (fileinpu

ArgumentPar ArgumentPar: bject of argparse module

alvers.plugins. solvers. . IPOPT object of pyomo.solvers.plugins.solvers.IPOPT module

188.15
] .75
create_model() (Pa) 50000, 1.18002+06 1.1000e+06
el_inputs(m)
Molar Enthalp
Enthalpy

n.fs.HPturb. repor

dof = degrees_of f (m) Unit : fs.HPturb
_log.info [ ( =

Unit Pe

Inlet Outlet
10008. 10008.
180.15




Review Calculated Results (Boiler

File Edit Data Files

) MapEx Model Editor, LBD1:LBD1:BoilerCycle

Analysis View Help

<]

DH PN

E |||||||||FP|||||||||'P?|||||||l1|5|n|||||||PP|U|||||||P|5|D|||||||PP|U|||||||F3|5|D|||||||F|U|0|||||||H|6|0|||||||F|G|U||||||| |5 :
] - L Air Cooled Condenser
] E:] Air Heater
. ey
i . 3
2] S Boiler
=
1 RHATTEME A
3 [ 1 combustormuct Burner
|E: - L) Equipment: BOILER X L) Equipment: BOILER X
A - (v | Details [ Variables | Details
: - Variables and Measurements Details and Streams
3 : e X Unit (Short Name): BOILER
- Variable Description Tagha... Type Action |Tag..| Value Units
I.E: - VWCUZUds  |UUNETCEroun DTOXIuE I gas mow. FEdEarance |[gore U ATOOAT[IISET | . Name: BOILER ]
] = IWCO2qasin _|Carbon Dioxide in gas inlet flow (recir... HeatBalance |lgnore 0 Ojibisec | Desceiptonr ’Boiler—
- "= \WCash Carbon Mass Flow to Ash from BOIL .. HeatBalance |lgnore 1] 0.129|Ib/sec . L
: = (WCfuel Carbon in fuel flow to BOILER HeatBalance |lgnore 0 12985‘5@’5% Type: BOILER
- - WCgas Outlet Carbon in flue gas flow from B HeatBalance |lgnore 0 129.995|Ib/sec
] - \WCaasin Carbon in gas inlet flow (recirculation... HeatBalance |lgnore 0 0llb/sec Inlet Ports on BOILER Connected Unit Connected Port
= WH20fuel \Water in fuel flow to BOILER HeatBalance |Ignore 0 50.813|Ib/sec BOILER Fuel inlet: BOILERFUEL Solid Fuel Source outlet
la: WH20gas Outlet Water in flue gas flow from BOI HeatBalance |lgnore 0 68.638|Ibisec i . B -
i \WH20qasin |[Water in gas inlet flow (recirculation) t.. HeatBalance [lgnore 0 0|ibisec BOILER Primary inlet air: AIRHTRA AIRHTR outlet air
: 35 % IWHfuel Hydrogen (including H in water) in fue. HeatBal e |lgnore 1] 5.646|Ib/sec BOILER Secondary inlet air: ARHTRB AIRHTR outlet air
- WHgas Outlet Hydrogen in flue gas flow from ... HeatBalance |lgnore 0 7.626|Ibisec
] \WHgasin Hy in gas inlet flow (recirculation) to B.. HeatBalance |Ignore 0 0|Ib/sec BOILER Wall water inlet: DRUM DRUM outlet water
. (Whifuel Nitrogen in fuel flow to BOILER HeatBalance _Ignnre 1] O/Ibisec §
2 WNgas Outlet Nitrogen in flue gas flow from ... HeatBalance lgnore 0] 1,224.077|Ib/sec__| | et dizib DREW pVoutvisieam
] (WNgasin Nitrogen in gas inlet flow (recirculatio. HeatBalance |lgnore 0 Ojiisec |~ BOILER Reheater inlet steam: i [
- WOfuel Oxygen in fuel flow to BOILER HeatBalance |lgnore 0 45167|Ibisec [
] WOgas Outlet Oxygen in flue gas flow from B.. HeatBalance |[lgnore 0 436.86|Ib/sec BOILER Gas inlet: u C
-1 (\WOgasin Oxygen in gas inlet flow (recirculation HeatBalance |lgnore 0 0|Ib/sec Outlet Ports on BOILER Connected Unit Connected Port
= 'WSfuel S in fuel flow to BOILER HeatBalance |Ignore 0 0.436|Ibisec
o] 'WSgas Outlet S in flue gas flow from BOILER HeatBalance |lgnore 0 0.436|Ib/sec BOILER outlet flue gas: sRHgas SPLITTER inlet port
[ WSgasin Sulfurin gas inlet flow (recirculation) t. HeatBalance |lgnore 0 0llbisec .
Lol Wairin Gas Flow rate at port airin Measured  |lgnore 0| 1,638.902|Ibisec R OREM bl Skl Uy
. Wash Total ash flow out of BOILER HeatBalance |lgnore 0 12.915|Ib/sec BOILER Superheater outlet steam: SHATTEMP TMIX inlet steam
3 (Washfuel Ash mass flow from ash in fuel HeatBalance |lgnore 0 12.786|Ib/sec
. \Wexcessair |Excess air flow to BOILER HeatBalance |lgnore 0 119.717Ibisec |2 BOILER Reheater outlet steam: o u
A P a n roy = L
§:




Example: Model of a Coal-Fired-Power-Plant

I MapEx Model Editor, LBD1:LBD1:BoilerCycle - O I} MapEx Model Editor, LBD1:LBD1:SteamCycle - ] X
File Edit DataFiles Analysis View Help File Edit DataFiles Analysis View Help
T < T T T T T T - O OV - P - T i TN PO O U= VO OO O =T - O < IR O T = v -

E sl \E Air Cooled Condenser E - |

E E |:> Source for Gas Fuel

] o E
[=n 231

3 _ D] Air Heater B

] . P E ,_j |:> Source for Solid Fuel

B T~ o] +
=2 I _/IXV_ “T ‘/"*7— E Boiler = -

1 1 .\L— . .‘la, e - = i : - " l:> Source for Air-Gas Flow

3 - . . D Combustor/Duct Burner UEE - ™ * : =
g I i Swrme) - . o - > |:> Source for SteamWater FI...

i - D Compressor/Fan s I : — - . .

1 i 3 @ Superheater
g - ] > Ig E }

I o Condenser D_E ) o ==

1 : 3 S R _ - q Splitter - Gas Flow
gl - v = ’ Cooling Tower E N ) — o

] = s = e - nans q Splitter - Steam/Water Flow

1 s % L= 30 % - e

2 ﬁ Deaerator _5 . ]
21 L e gf - EE:’ Steam Air Heater

] E2 -

3 g = O Drum ]

E | i E CI Reheat 3 Press Steam Tur...
2 Z afa oy - & _

| 1

B . D Duct (Gas Flow) E

B = 3 CI Steam Turbine Spool

. Tk 23
& e | @ Economizer k2

E ~ E — \:] Desuperheater (TMIX) -
4 Il [ E = =

Boiler Cycle

Steam Cycle

W =



Model Data

* Model data is Hierarchical

Model Data

powerplants

cycles

equipments

vars

Class: Model
Collection: powerplants

Class: PowerPlant
Collection: cycles

Model Data Hierarchy

myModel

myPlant

Collection: plantvars = -
: =) oo
Class: Cycle Boiler SteamCycle N l‘_I iy '_—T| 2 =
; . L= L
Collection: equipments
HPT IPT LPT COND DEAER FWHO1

Class: Equipment | | ‘ ‘ ‘ | I l ‘ ‘ | ‘
Extended Class for each _
equipment type. Each 5’:;; Each vars collectionis a java TreeMap
equipment type has a Hstrmin containing a set of keys and data objects,
unique set of variables.. Pstm which are defined by the specific class. For
Collection: vars Pstmin example, each row of the vars collection

Power " “

Wextrl consists of a key (variable name) and an

Wextr2 object containing the properties of the
Class: Vars Wstm variable

Wstmin




Python Code File

The IDAES Python code file includes up to ten blocks of coding:
Import Python-IDAES-Pyomo Environment

Create Flowsheet and Pyomo Model

Add Unit Models

Add Arcs Connecting Unit Models

Set Model Parameters, Fix Variables and Initial Guesses
Add Custom User Variables/Constraints/Expressions
Initialize Unit Models

Solve Pyomo Model

Define Outputs

10 Write Results

LN AWNE



IDAES Environment:
Escalante Power Plant Model

plant.py

l

flowsheets numpy L

——

core

—

boiler.py steam_cycle.py

generic_models

unit_models

——

L power_generation

unit_models

MapEx flowsheet application
generates power-plant python
modeling files:

plant.py

boiler.py

steam_cycle.py

Mixer

HeatExchanger
PressureChanger
MomentumMixingType
Heater

Drum

Downcomer
WaterwallSection
WaterFlash
BoilerSurrogate
HeatExchanger
SteamHeater
HeatExchanger3Streams
WaterPipe

TurbineMultistage
FWHOD
SteamValve

Shaded boxes are power-generation related

——

pandas

——

properties

pyomo

——

generic_models

L power_generation

—

iapws95

flue_gas_ideal

methods of the IDAES framework.
Flowsheet application does not change these.




1. Import Python-
IDAES Environment

* Python import statements are required for
IDAES classes

e Locations of IDAES files may change over time

* IDAES models from previous releases of IDAES
may not run with the current release

* Backward compatibility will be desired in the
future

@ EditPad Pro 8 - [*C:\IDAES\sss_PythonCode.py] - O

File Edit Project Search Go Block Mark Fold Tools Macros Extra Convert Options View Help

AN MmN SNy 0l B H-|F |G- @
fa))
[ sss_PythonCode.pyI
1 ~
2 # Import Python Libraries
3 import logging
4 import argparse
5 #
6 #
7 # Import Pyomo Llibraries
8 import pyomo.environ as pyo
9 from pyomo.network import Arc, Port, SequentialDecomposition
10 #
11 #
12 # IDAES Imports
13 from idaes.core import FlowsheetBlock # Flowsheet class
14 from idaes.core.util import model_serializer as ms # load/save model state
15 from idaes.generic_models.properties import iapws95 # steam properties
16 #
17 from idaes.core.util import copy_port_values as _set_port # for model intialization
18 from idaes.core.util.model_statistics import degrees_of_freedom#
19 #
20 import idaes.logger as idaeslog
21 _log = idaeslog.getModellLogger(__name__, logging.INFO)
22 #
23 from idaes.generic_models.unit_models import HeatExchanger
24 # Callback used to construct heat exchangers with the Underwood approx. for LMTD
25 from idaes.generic_models.unit_models.heat_exchanger import delta_temperature_underwood_callback
26 #
27 from idaes.generic_models.unit_models import Separator
28 from idaes.generic_models.unit_models.separator import SplittingType
29 from idaes.generic_models.unit_models.separator import EnergySplittingType
30 #
31 from idaes.power_generation.unit_models import TurbineStage|
32
33 ddef create_model():
34 | : B g e s id 3 v

Q |[equal_press Q- Q- & - | replace QARRK- QA -AQ R«

Regex Free Dot Case Adapt Words Files Projects Closed Block Loop Line Invert (CE N @ N @ @
31: 60 Modified Insert U Windows 1252 ---




2. Create Pyomo Model and Flowsheet

ﬂ EditPad Pro 8 - [*C:\IDAES\sss_PythonCode.py] - O X

File Edit Project Search Go Block Mark Fold Tools Macros Extra Convert Options View Help

° .
Application creates a pyomo concrete model: m D PR NS B[ 9C - | L BRR S [ L B F | F € @
* Then Inserts a flowsheet: fs A
+  Steam/water properties: iapws95 2z Pythoncode.cy |
378 # ~
38| . m = pyo.ConcreteModel(name="sss"
39| . m.fs = FlowsheetBlock(default={"dynamic": False}) # Add steady state flowsheet
40 | ! # A physical property parameter block for IAPWS-95 with pressure and enthalpy
41 | # (PH) state variables. Usually pressure and enthalpy state variables are
42 | # more robust especially when the phases are unknown.
43| | m.fs.prop_water = iapws95.Iapws95ParameterBlock(
a4 | : default={"phase_presentation": iapws95.PhaseType.LG}
45 | | )
a6 | #
47| # A physical property parameter block with temperature, pressure and vapor
48 | | # fraction (TPx) state variables. There are a few instances where the vapor
49 | | # fraction is known and the temperature and pressure state variables are
50 i # preferable.

51 E. m.fs.prop_water_tpx = iapws95.Iapws95ParameterBlock(

52E 1 default={

53 l: : | "phase_presentation"”: iapws95.PhaseType.LG,

s4 |4 | "state_vars": iapws95.StateVars.TPX,

ss (G 0 3

56 | | )

57| # v
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3. Add Unit Models to Flowsheet

 Unit Models:

* TurbineStage
* Separator
* HeatExchanger

e Default options are supported

ﬂ EditPad Pro 8 - [*C:\IDAES\sss_PythonCode.py] - O X ‘
Eile Edit Project Search Go Block Mark Fold Tools Macros Extra Convert Options View Help
D-a-MAs-wE-Emf-L-9-C- LA BRRS e -QR |
WS- F-0- 8 A

Pty [

.
]
——

58 | -
59 | . #TurbineStage HPturb Equations

60 B m.fs.HPturb = TurbineStage(

61 | ' ‘ default= {

62 "property_package": m.fs.prop_water,

63 }

64 |\ 1)

65| .

66 | 1 #HeatExchanger HTX Equations

67 ;‘I: m.fs.HTX = HeatExchanger(

68 LG . default= {

69 l: i "shell": {"property_package": m.fs.prop_water},
70 ||\ | "tube": {"property_package": m.fs.prop_water},
71l }

7200 )

73| !

74| ! #Separator HpLpSplit Equations

75 B m.fs.HpLpSplit = Separator(

76 B default= {

77| i "energy_split_basis": EnergySplittingType.equal_temperature,
78l "outlet_list": ["outlet_1","outlet_2","outlet_3"],

79 |[|* i "property_package": m.fs.prop_water,

se [\ i "split_basis": SplittingType.totalFlow,

81l }

g2\ )

83| !

84| #TurbineStage LPturb Equations

85 B! m.fs.LPturb = TurbineStage(

86| default= {

87 | | "property_package": m.fs.prop_water,

8s i }

N O

00 | | HEBERBHRRR R # v
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4. Add Arcs to Flowsheet

@ EditPad Pro 8 - [*C:\IDAES\sss_PythonCode.py] — O
File Edit Project Search Go Block Mark Fold Tools Macros Extra Convert Options View Help
N [ [ & | 50 [ 20 B = _ T,
.o D-a-MaSE-mE-@mf-2-9-C- sl e -QR | &2
= 5
* User-specified arc names are o F-G - 8 A
A sss_PythonCode.py‘
u Se d 85 [, m.fs.LPturb = TurbineStage(
86| default= {
87 | 1 "property_package": m.fs.prop_water,
8s|: }
L] L] 1 1
¢ Appllcatlon generates arcs i -
1 i ittt i i it i it it i i i i it it i i i i it it i i it i i i i i i i i i i i i it i et i i it
91| . ## Create the stream Arcs ##
° 92 : HAHHHH AR AR AR R AR AR AT T R AR A AR AR A A R R AR A T
USI ng po rt nal I Ies 93| . #0utlet Flow ARCs for Unit: HPturb EquipType = TurbineStage ;
94 | 1 m.fs.HPout = Arc(
95 | | 1 source=m.fs.HPturb.outlet, destination=m.fs.HpLpSplit.inlet
96 | . )
97 | #0utlet Flow ARCs for Unit: HTX EquipType = HeatExchanger ;
98 | . #0utlet Flow ARCs for Unit: HpLpSplit EquipType = Separator ;
99 | . m.fs.LPin = Arc(
100 | | 1 source=m.fs.HpLpSplit.outlet_1, destination=m.fs.LPturb.inlet
1
101 | . )
1
102 | . m.fs.ExtrStm = Arc(
1 1
103 | . ' source=m.fs.HpLpSplit.outlet_2, destination=m.fs.HTX.inlet_1
104 | | )
105 | | #0utlet Flow ARCs for Unit: LPturb EquipType = TurbineStage ;
1
106 | | m.fs.report()
107 : HHRHHH AR HH AR F R R AR A AR AT AR R A R A R AR A A AR R AR AR AR AT
108 | . # Turn the Arcs into constraints and return the model #
109 : HHRH AR HBBHF R AR TR RH R F AR R F R AR AR AR AR R AR AR R F R AR R R AR A AR A A
110 | . pyo.TransformationFactory("network.expand_arcs™).apply_to(m.fs)
111 \: return m
112
113 def set_model_inputs(m):
114 B # Fiv _cnme unrinhl ec and cet unliiec
<
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5. Fix Values of IDAES Inputs

@ EditPad Pro 8 - [*C:\IDAES\sss_PythonCode.py] — O

File Edit Project Search Go Block Mark Fold Tools Macros Extra Convert Options View Help
. U-a-fnE-aE-me -9
* All values fixed by the B - B A

[# sss_PythonCode.py ]

.:;-‘d;-.....vJ'?E:lZI

_“
Vv

u Se r a re fixe d Vi a Pyt h O n 1161) Li pyo.TransformationFactory("network.expand_arcs").apply to(m.fs)

return m
112
Cod e State m e nts 113 def set_model_inputs(m):
114 @ # Fix some variables and set values.
115
116
117 | m.fs.HPturb.efficiency_isentropic.fix(@.9)
118 | | m.fs.HPturb.inlet[:].enth_mol.fix(65000.0)
119 | | m.fs.HPturb.inlet[:].flow_mol.fix(10000.0)
120 | m.fs.HPturb.inlet[:].pressure.fix(2200000.0)
121 | | m.fs.HPturb.outlet[:].pressure.fix(50000.0)
122 |
123 | ! m.fs.HTX.area.fix(100.0)
124 | 1 m.fs.HTX.inlet_2.enth_mol.fix(7000.0)
125 | ¢ m.fs.HTX.inlet_2.flow_mol.fix(10000.0)
126 | | m.fs.HTX.inlet_2.pressure.fix(1100060.0)
127 E m.fs.HTX.overall_heat_transfer_coefficient.fix(300.0)
128 |
129 | | m.fs.HpLpSplit.split_fraction[®, ‘outlet_1'].fix(@.8)
130 E m.fs.HpLpSplit.split_fraction[0, "outlet_3'].fix(6.0)
131 |
132 | ¢ m.fs.LPturb.efficiency_isentropic.fix(@.9)
133 \: m.fs.LPturb.outlet[:].pressure.fix(5000.0)
134 # no return from this def
135 B def initialize(m, fileinput=None, outlvl=idaeslog.NOTSET):
136 | ! dof = degrees_of_freedom(m)
137 | print("Degrees of freedom = {}".format(dof))
138 | |
120a . can = SannantialNaramnnacitinn( )
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6. Define New Pyomo Variables and Constraints

e Add Variable TTD to Feedwater heater

# add a variable for FWH1 TTD
m.fs.fwh1.ttd = pyo.Var(
m.fs.time,
initialize=10,
doc="TTD for FWH (condensing T - BFW exit T). (C)",
)
# Add a constraint for FWH1 TTD
@m.fs.fwh1.Constraint(m.fs.time)
def set_ttd(b, t):
return (
b.condense.tube.properties_out[t].temperature
== b.condense.shell.properties_in[t].temperature_sat - b.ttd[t]

)

#Fix the value of TTD in the IDAES model
# fwh1l inputs
m.fs.fwh1.ttd.fix(10)




7. Initialization

@ EditPad Pro 8 - [*C:\IDAES\sss_PythonCode.py] - O
File Edit Project Search Go Block Mark Fold Tools Macros Extra Convert Options View Help

D@ FBE- G- @D C- A BRERS (AR [ 8"
RS- [F -5 &

* Three possible methods 4 sm Prtvoncodey |

133 m.fs.LPturb.outlet[:].pressure.fix(5000.0)

* Serial Decomposition 1340

135 D def initialize(m, fileinput=None, outlvl=idaeslog.NOTSET):

. 136 | ! dof = d _of_freedom(m)
i Data from flle 137 E pﬁint("gigf‘zeﬁsoof ;f‘:eZZmrL {}".format(dof))
. o 138 |
e Custom path from icon to icon e R R aucntialoeconpozition ()
140 | seq.options.select_tear_method = "heuristic”
. 141 E seq.options.tear_method = "Wegstein”
* Current software uses Sequential 12| | seq.options.icerLin = 5
11 144 | i # Using the SD tool
Decomposition 7] [l e
. 146 E heuristic_tear_set = seq.tear_set_arcs(G, method="heuristic")
147 | d = .calculati d G
* Other methods will be added soon 1] o= seaetemionorier®
149 | | for o in order:
150 E print(o[@].name)
151 |
152 | 1 def function(unit):
153 | » ; unit.initialize(outlvl=1)
154 |
155 | | seq.run(m, function)
156 | .

<
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summary

* Flowsheet based GUI is functional
* Desktop software provides flowsheet-based user interface for building IDAES models
* Flowsheet is graphical representation of the model (picture is worth a thousand words)
e Building IDAES models is easier and faster
e User is freed from writing Python code

* Some Desired Features Not Yet Implemented
* Application does not yet automatically run Python code or retrieve results
* Initialization needs to be improved
» User defined variables/constraints/expressions not yet implemented

e Various Modes of analysis will be implemented in Phase Il
* Data Reconciliation
* Parameter Estimation
* Optimization
* Dynamic Predictive Analysis and Optimization
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