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£PFL  General information on Co-electrolyzer

>

>

>

>

>

» SOC stack is reversible (can operate in fuel cell mode as well)

Electrochemical reduction of H,O and/or CO,

Solid Oxide Electrolyte at high temperature (> 700°C)

High Temperature:

Production of H, or Syngas and O, which are all 3 valuable products

Good conversion efficiency
Challenges for integration
Necessitate clever heat integration

3 operation modes:

Endothermic (need heat at high T)
Thermoneutral (High T heat is balanced)
Exothermic (outputs heat at high T)

Electrolyser mode
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=PrL  General information on Power — X — Power (rSOC)

Power - NG Tank = Power System Layout

YV V V V

A 4

I SOEsystem BoPs
— l  Shared BoPs
l M SOFC system BoPs
Reformer S
' Fuel cell

(co)-
Electrolyzer

When renewable electricity is available, methane can be produced via electrolyzer-methanation unit.
When system requires electricity, it can be produced via reformer-fuel cell-burner unit.
Oxy-combustion is considered in fuel cell system (to avoid presence of N,).

High temperature heat is available



=PFL  Co-electrolyzer Aspen layout

Power - H, / Syngas via Solid Oxide Electrolyzer (SOE)

Co-electrolyzer Stack

—_——— — —

Power In
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Solid Oxide Electrolyzer (SOE) — Thermoneutral operation

HEATER

LAST-SEF

Heaters within the black-box are only used for

simulation, no need to include them into heat integration

>

>

>

No need to modify SOE stack model in your
project.

“REACTION” reactor contains main co-
electrolysis reactions.

tivity | PSD | Component Attr, | Utility | Comments

Fractional conversion ~ Fractional Conversion of Stoichiometry
Component

0.85 H20 H20 --> H2{MIXED) + 0.5 O2(MIXED)
0.85 CO2 C02 --> CO(MIXED) + 0.5 O2(MIXED)

“HEATER” is used to count the heat within the
stack.

The HEATER will have a heat output of 0 KW
(thermoneutral operation)
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Solid Oxide Electrolyzer (SOE)

_ Main Flowsheet POWER (WORK) -~  +

Specifications | EQ Options | Comments |

Stream specifications

Power -30 kW -
Speed rpm -
> Power input in current file is 30 KW. (negative
as input)

» When you change the electrolyzer power
input, the fuel flow rate “FUEL1” will be
automatically updated by “OXY” calculator -
no need to change by yourself.




EPFL  Co-electrolyzer Aspen tutorial layout

© g ks~ w Dbk

Uniformize all up-stream temperatures (through calculator block)

Understand fuel heating-up process (differentiate heaters)

Ensure thermoneutral operation (T_SOEC in==T_SOEC_out) through design specification
Apply technical constraint on O,/Air flow through design specification

Define a variable to tune the H20/CQO2 ratio in the fuel. (in class)

Define the right stoichiometric number for further syngas usage (in class)

Fuel:  —
H,O & CO,

Co-electrolyzer Stack

&

PU N ——

Power In




£PFL  Co-electrolyzer Aspen modelling

Step 1: Set SOEC upstream components temperature into 700 °C via calculator

Home Economics

Batch Dynamics

Plant Data

Equation Oriented View Customize

- oom {4 Zoom to Fit rid |0,
> GotoView = Model Palette  somn oo o

» Goto Manipulators - Calculator

« Name calculator “SET-TSOE” I |, ‘

: = = S [ =l
 Grid_ 9B 9B et |@, e
B ;B X =
> Page ResetPage Flowsheet | Model | Activation = Message
@ Zoom Out § Scale Breaks  Breaks Palette | Dashboard | Panel
Zoom Display Aids Show

Model Palette
Mixers/Splitters Separators Exchangers Columns. Reactors Pressure Changers Manipulators Solids Solids Separato dels Batch Models
'_.
- v | i |~ - ™ - - - szemanos monm || W
agr o grvEc cetanoERar
MATERIAL Mult Dupl ClChng Analyzer Selector Cftvec Chargebal | |Measurement Design-Spec Calculator Transfer

» Target: Set a parameter which is linked with HEATER1, HEATER5S, REACTION and RWGS

* Define a new parameter “TSOEC”, select it to be the “import variable”.
» Import variable is the input from user.

IODeﬂne I'Toc-kulm | @sequence | Tears | sueam Flash | Comments |

9] Active

- d

d

ol

Variable Information flow  Definition
» TSOEC

ysical type=Te Initial value=700
TANOIN Export variable Block- Variable=TEMP Units=C
TCATIN Export variable Block-! Variable=TEMP Units=C
TRSTOIC Export variable Block- TION Variable=TEMP
TCAFUEL Export variable Block- Variable=TEMP Units=C
New || Delete Copy MoveDown | | View Varisbles |
~ Edit selected variable
Variable @TS0EC « | Reference Information flow
ooy Tpe Parameter © Import variable
& A Parameter no.: 666 Export variable
Blocks Physical type: - Temperature - Tear variable:
Streams Ynks A2 e
Model Uity Initial value: 700
Property Parameters
Reactions

Export variable is the output from the calculator, it gives the order to ASPEN.

Parameter Parameter no.=666 Physical type=Temperature Units=C Initial value=700

Variable=

Units=C

Block-Var Block= HEATERS Variable= TEMP Sentence=PARAM Units=C

=REACTION

Block-Var Block= RWGS Variable= TEMP Sentence=PARAM Units=C

¥ Active
L Pl (dr rop gnd below)
Variable Information flow Definition
TSOEC Imy
» TANOIN @ Block-
TCATIN Export
TRSTOIC Block-!
TCAFUEL Export variable
New Delte || Copy
~ | Edit selected varisble
Variable QTANOIN v | Reference
Category Type Block-Var
oAl Block: HEATER1T
Blocks Vanable: TEMP
Stresms Sentence:  PARAM
Model Utility Units: c
Property Parameters
Reactions

| MoveUp || MoveDown || View Variables |
Information flow
Import varisble
@ Export variable
- (a8 Tear variable

By adding this calculator, if we want to change the stack inlet T, we only need
to change Parameter — “TSOEC”
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Question: What if we are not sure about “Reference”?

¥ Active
& " » grid below)
Variable Information flow Definition
TSOEC Import variable y P P .
» TANOIN Block-Var Variable= TEMP Units=C
TCATIN Export variable Block-Var Blocks HEATERS Variable= TEMP Sentence=PARAM Units=C
TRSTOIC Export variable Block-Var Block=REACTION Variable= TEMP Sentence=PARAM Units=C
TCAFUEL i Block-! s =TEMP Units=C
[ New Delete | [ Copy [ MoveUp || MoveDown | [ View Veriables
Variable @ TANOIN - Reference Information flow
ety Type Block-Var - Import variable
o Al Block: HEATER1T i © Export variable
Blocks. Variable: TEMP - |3 Tear variable
S Sentence:  PARAM
Model Uity Units: c -
Property Parameters
Reactions
Home  Economics  Batch  Dynamics  PlantData  EquationOriented  View  Customize  Resources  Modify  Format
Q Zoom [} ZoomtoFit i Grid 0.1 - o S Q:}"! wn } %4 Add Oa o,
®Zoomin @ Pan o Snap | Fi EE = aRecall A Tk
= Page Reset Page Model | Activation | Message ) Find | Save
(X Zoom Out 7 Scale Breaks  Breaks Palette ' Dashboard = Pan WDelete Object | Layout
H 13 tL) 13 29 13 29
» Find “HEATER1” - “Temperature” = Select value - “Copy
a—
Main Flowsheet -~ FUELT (MATERIAL) - Results —  OXY - Results - TN-MODE - SET-TSOE - HEATERI (Heater) -« |+
G (o0) r —
[5] [o] IOSa«rﬁulmns Flash Options | Utilty | Comments |
Flash specifications
g—{2r1] AR2 Flash Type Temperature -
HEATER! Pressure -

Temperature
9

Temperature change

Degrees of superheating | % Cut

Degrees of subcooling 4a Copy

Pressure @ -
Duty Select All

Vapor fraction & Clear

Pressure drop correlation par3ETer
7] Always calculate pressure drop correlation parameter

[ | Valid phases
Vapor-Liquid -
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Question: What if we are not sure about “Reference”?

» Goto Customize -> Variable Explorer

Plant Data Equation Oriented

View Customize Resources

+) Option

(), Variable Explorer) 3% Palette Categories

Settings

Batch Dynamics
& Manage Libraries S

=T

Custom = Manage Add

{2 Manage ACM Models Tables | Properties Properties

Model Library

Property Sets

» Goto Variable Explorer = Right Click “Root” = “Find Clipboard Variable”

Ql[acmw- Unknown: 0 OK: 0 Risk:

Simulation < I Capitak __USD Utilities: ___USD/Year C’I Energy Savings: __ MW  (__%)
All hems | Main Flowsheet - | FUELT (MATERIAL) - Results - ~ OXY - Results - | TN-MODE

g LT-FUEL

s —apt

Find Clipboard Variable

Go to Node

Refresh

SET-TSOE - | HEATER1 (Heater) - ‘Variable Explorer « |+

Attribute Value

Path to Node Application. Tree Data Blo

Call
Dimension 0
Value 700

Physical Quantity 22
Unit of Measure 4

Basis No Attribute
Record Type No Attribute
Output 0

Enterable 1

Upper Limit 5000

Lower Limit 0

Default Value 16435
Completion Status
PotinorOut  No Atibute
Port Gender No Attribute
Multiport No Attribute
Port Type No Attribute
Has Children 0

SET-TSOE - | HEATERI (Heater) - Variable Explorer - |+

Attribute

Path to Node
Call
Dimension
Value

Physical Quant)

Vit o6 Mhmnriire

Value
Application.Tree
Application.Tree
1

No Attribute

No Attribute

A Astoiiaiba

“Call” = the “path” of one variable = Provide hint for “Reference”

Variable Information flow Definition
TSOEC port vari = ysical type= Initial value=700
» TANOIN Export variable Block-! Variable= TEMP
TCATIN Export variable Block-Var Variable= TEMP
TRSTOIC Export variable Block-! TION Units=C
TCAFUEL Expor i Block-Var = TEMP
— e Mo i W
Variable @ TANOIN - Reference Information flow
Cotagory Type Block-Var - Import variable
& Al Block: HEATER1 - © Export variable
Blocks Variable: TEMP - (&) Tear variable
S Sentence  PARAM
Model Utility Uniker < d
Property Parameters
Reactions

10



£PFL  Co-electrolyzer Aspen modelling )

Step 2: Set “Fuel” heating up process

»  “Fuell” contains CO,, H,O - How to heat it up?
* CO,iseasy to be heated up, as itis gas.

» Water has three stages in heating up process: Liquid heating, evaporation, steam
superheating

200 —

If only 1 heater was used:
150 inlet T, outlet T and average cp - linear interpolation
f”’ ,,’l
) N Vaporizisd water i
g 100 ”?4 G
& 3 Three heaters:
g a2 To capture each stage temperature changing and the duties
&)
/Heating ice
—50 — I \ |
0 25 50 75 100

Time (min)
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Step 2: Set “Fuel” heating up process . HEATERZ . HEATERS

> If “Fuell” only contains H,0O LV o fEMBAWowex |t M e - JHENTERS Wlomer e Lt

@Specifications | Flash Options | Utility | Comments @Specifications | Flash Options | Utility | Comments
- Flash spe: -Flash specifications
L]
HEATERS3 Flash Type Pressure - Flash Type Temperature -
Main Flowsheet - HEATER3 (Heater) -« | + Vapor fraction - Pressure -
@Specifications | Flash Options | Utility | Camments
Temperature c Temperature 700 € -
- Flash specifications Temperature change ¢ Temperature change c
Flash Type Temperature -
Degrees of superheating C Degrees of superheating c
Pressure - Degrees of subcaoling © Degrees of subcooling c
Temperature 100 C - Pressure 1 bar - Pressure 1 bar -
Temperature change C Duty kW Duty kW
Degrees of superheating C Vapor fraction 0.999 Vapor fraction
Degrees of subcaoling c Pressure drop correlation parameter Pressure drop correlation parameter
Pressure 1 bar -
Duty o [7) Always calculate pressure drop correlation parameter [ Always calculate pressure drop correlation parameter
Vapor fraction 012 ~Valid phases ~Valid phases
Pressure drop correlation parameter Vaper-Liquid - Vapor-Liquid -
[T] Always calculate pressure drop correlation parameter

- Valid phases
Vapor-Liquid -

Molar vapor fraction as function of T for various CO2/H20 ratios and 2 methods

1 PENG-ROBINSON
T T T I T T I

» If “Fuell” contains both H,O and o7~ B i

CO, »> “HEATER3” needs to be g i
updated = Boiling point of H,0 = 1

will change as the pressure change y

o ! L ! L | |

50
Temperature [°C]
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Step 2: Set “Fuel” heating up process

> After “HEATER3”, H,O is going to evaporate further ->

“FUEL1”
> Add a calculator, name it as “WATCRIT”

* Import “FUEL1” vapor mole fraction as “VAPFRAC1”
» Export “HEATER3” vapor fraction as “VAPFRAC2”
* “HEATERS3” vapor fraction = “FUEL1” vapor mole fraction + 0.01

Main Flowsheet

[Ondm: @Calculate | @Sequence | Tears | Stream Flash | Comments

HEATER3 (Heater) - WATCRIT - | +

Active

A Sampled variables (drag and drop variables from form to the grid below)

Variable Information flow  Definition
» VAPFRAC1 Import variable Stream-Var, Steam= FUEL1, Variable = VFRAC
VAPFRAC2 Export variable Block-Var Block=HEATER3 Variable=VFRAC Sentence=PARAM

A Edit selected variable

- Reference flow

Variable QVAPFRACL ~

Category Type Stream-Var - © Import variable
) All Stream: FUELT - O Export variable

*) Blocks Substream:  \/FRAC - ) Tear variable
@ Streams Component: -
*) Model Utility
_) Property Parameters
) Reactions
EOinput

stream “FUEL2” vapor fraction shall be slightly higher than

“Main Flowsheet - | HEATER3 (Heater) - WATCRIT » | +

[ | @Define | @Calculate {_osEquem | Tears | Stream Flash | Comments |

Fortran Declarations

‘ Calculation method
@ Fortran ) Excel |

Enter executable Fortran statements

VAPFRAC2 =VAPFRAC1 + 0.01

Main Flowsheet HEATER3 (Heater) - WATCRIT « | +

[euefme @Calculate | @Sequence | Tears | Stream Flash | Comments

Active

~ Sampled variables (drag and drop variables from form to the grid below)

Variable Information flow  Definition
VAPFRAC1 Import variable Stream-Var, Steam = FUEL1, Variable = VFRAC
» VAPFRAC2 Export variable Block-Var Block=HEATER3 Variable=VFRAC Sentence=PARAM

# | Edit selected variable

Reference flow

Variable @VAPFRAC2 -

Category Type Block-Var - Import variable
Ry Block: HEATER3 - ® Export variable
® Blocks Variable: VFRAC - Tear variable
2 Strearms Sentence:  PARAM
) Model Utility
) Property Parameters
) Reactions

= Note: “HEATER3” shall have pressure and vapor fraction as the specifications, otherwise, calculator CAN NOT give order
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Step 3: operate in thermoneutral mode, dictated by the operating voltage applied

o Co-electrolyzer Stack

—_——— — —

Power In
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Solid Oxide Electrolyzer (SOE)

» “CVCELL” IN “OXY” calculator is an “Import
variable”, it is used as a parameter to influence SOE
outlet T — “MIX7”.

Lsr.ser | ~ Main Flowsheet -~ OXY « |+

[mee [aulmlm | @sequence | Tears | stream Flash | Comments |

Active

~) Sampled variables (drag and drop variables from form to the grid below)

Variable Information flow  Definition
cmAx Export variable Parameter Parameter no.=2002 Physical type= Current Units=amp Initial value=10
a Export variable Parameter Parameter no.=2003 Physical type=Current Units=amp
cur Export variable Parameter Parameter no.=2004 Physical type=Dimensionles Units= Unitless Initial value=0.85
= CEXTENH2 Export variable Block-Var Block=REACTION Variable=CONV Sentence=CONV ID1=1
CEXTENCO Export variable Block-Var BlocksREACTION Variable=CONV Sentence=CONV ID1=2
[z} » CVCELL Import variable Parameter Parsmeter no.=2013 Physical type=Voltage Units=volt Initial value=1.3
CELEPOW Import variable Work-Power Streams=POWER Units= W/
FUELIN Export variable trearm-Var Streams=FUELT NIXED Variable= MOLE-FLOW Units=mol/sec
FUEINH20 Export variable Mole-Flow Stream=FUEL1 £D © 20 Units=
FUEINCO2 Export variable Mole-Flow Stream=FUEL1 Substream=MIXED Component=CO2 Units=mol/sec
RATIOZ Impart variable Parameter Parameter no.=10002 Physical type=Dimensionles Units=Unitless Initial value=0.9
New MoveUp | [ MoveDown | | View Variables

~ | Edit selected variable

» We have defined a calculator for the inlet T of SOE, how about the o o =l .

® Import variable

Category
@ Al Parameter no.: 2013 _) Export variable
outlet T of SOE? ol Physical e Vot N p——
) Streams Wit volt -

> “HEATER” is used to count all the heat within the stack and L

) Property Parameters

calculate the outlet T of SOE.
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Step 3: Create a design specification block, which is able to make SOE inlet T = SOE outlet T

16

Home  Economics  Batch  Dynamics  PlantData  Equation Oriented  View  Customize
- QZoom  [E}ZoomtoFit & Grid 0.1 || ¢ 4) s 2 |?€ ™ |
> GotoView > Model Palette  quomn omm s B B & e |
- Page ResetPage Flowsheet | Model | Activation = Message
@ Zoom Out § Scale Breaks  Breaks Palette | Dashboard | Panel
Zoom Display Aids Show
. R Model Palette
> GO to Man I pu Iato rS 9 DeSIgn-SpeC E Mixers/Splitters Separators Exchangers Columns. Reactors Pressure Changers Manipulators Solids lids Sepagtors User Models Batch Models
H 113 2 — — -
* Name itas “TN-MODE - ‘ - v | ———-— - - bacaee| [ ¥ | | ;oo | [
sanr o qnes cusommar
MATERIAL Mult Dupl CIChng Analyzer Selector Qtvec Chargebal ||Measurement Design-Spec Calculator Transfer

» Target: “MIX7” temperature = “FUEL4” temperature, by varying “CVCELL”

“FUEL4” temperature is fixed by the previous calculator
“MIX7” temperature is calculated by using “CVCELL” parameter value

The temperature difference of these two streams shall be 0 by varying CVCELL value
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Step 3: Create a design specification block, which is able to make SOE inlet T = SOE outlet T

Target: “MIX7” temperature = “FUEL4” temperature, by varying “CVCELL”

“FUEL4” temperature is fixed by the previous calculator
“MIX7” temperature is calculated by using “CVCELL” parameter value

The temperature difference of these two streams shall be 0 by varying CVCELL value

Main Flowsheet

e Define SOEC inlet T

“TN-MODE - Input - | +

[oneeme {QSP.C | @Vary | Fortran | Declarations | EQ Options | Comments |

Active

~ Sampled variables (drag and drop variables from form to the grid below)

Main Flowsheet

* Define SOEC outlet T

“TN-MODE - Input - | +

Variable
TINSOEC
TOUTSOEC

Definition

Stream-Var Stream=FUEL4 Substream=MIXED Variable=TEMP Units=C

Stream-Var Stream=MIX7 Substream=MIXED Variable=TEMP Units=C

(e |

~ | Edit selected variable

Variable @ TINSOEC +»  Reference
T Type
Stream:
@ Al
Substream:
SEHE Variable:
_ Streams (I
_) Model Utility
_ Property Parameters
") Reactions

View Variables

Stream-Var
FUEL4
MIXED
TEMP

C

- [#)

| @oefine [ @spec | @vary | Fortran | Declarations | EQ Options | Comments |

Active
~ Sampled variables (drag and drop variables from form to the grid below)
Variable Definition
TINSOEC Stream-Var Stream=FUEL4 Substream=MIXED Variable=TEMP Units=C
TOUTSOEC Stream-Var Stream=MIX7 Substream=MIXED Variable=TEMP Units=C
o) (o) oo

~ | Edit selected variable

Variable & TOUTSOEC ~  Reference
Category Type
Stream:
@ Al
Substream:
B Hlacks Variable:
_) Streams Units:
_) Model Utility
_) Property Parameters
| © Reactions

Stream-Var
MIX7
MIXED
TEMP

C

- @

17
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Step 3: Create a design specification block, which is able to make SOE inlet T = SOE outlet T

» Target: “MIX7” temperature = “FUEL4” temperature, by varying “CVCELL”

+ “FUELA4” temperature is fixed by the previous calculator
e “MIX7” temperature is calculated by using “CVCELL” parameter value
» The temperature difference of these two streams shall be 0 by varying CVCELL value

» Set target/objective of this design specification

" Main Flowsheet -~ TN-MODE - Input -« +

| & Define | @ Spec IGVary IFnrtran |Declalatinns | EQ Options | Comments

-Design specification expressions

Spec | TOUTSOEC - TINSOEC
Target 0
Tolerance 1

18
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Step 3: Create a design specification block, which is able to make SOE inlet T = SOE outlet T

» Target: “MIX7” temperature = “FUEL4” temperature, by varying “CVCELL”

.

“FUEL4” temperature is fixed by the previous calculator

“MIX7” temperature is calculated by using “CVCELL” parameter value

The temperature difference of these two streams shall be 0 by varying CVCELL value

_ Main Flowsheet -~ “OXY « |+

| @oefine [ @Calculste | @Sequence | Tears | stream Flash | Comments

V! Active
# Sampled d drop variables
Variable Information flow  Definition
CIMAX Export variable arameter no.=2002 nt 10
a Export variable Parameter Parameter no.=2003 Physical type=Current Units=amp.
wF Export variable Parameter Parameter no.=2004 Physical type=Dimensionles Units=Unitless Iitial value=0.35
CEXTENH2 Export variable Block-Var Block=REACTION Variable= CONV Sentence=CONV ID1=1
CEXTENCO Export variable Block-Var Block=REACTION Variable= CONV Sentence= CONV ID1=2
> VL Import variable 22013 pe=Voltage Units=volt Initial value=1.3
CELEPOW Import variable Work-Power Stream=POVIER Units=kW
FUELIN Export variable Stream-Var Stream=FUEL1 E-FL
FUEINH20 Export variable Mole-| = 1 C
FUEINCO2 Export variable Mole-Flow Stream=FUEL1 =C02
RATIO2 por 2 eter no.=10002
New | MoveDown | | View Variables

A Edit selected variable

eference
Tpe Parameter -

Information flow
Import variable

Variable GoveELL -

Category
PR Parameter no: 2013 Export variable

Blocks Physical type:  Voltage - lear variable
Streams ok voit
Model sty Initial value:
Property Paremeters
Reactions

*Main Flowsheet - ' TN-MODE - Input - | +

By varying parameter “CVCELL”, set lower and upper bound

| & Define I & Spec | @ Vary lForhan | Declarations | EOQ Options | Comments |

! - Maripulated variabl -Manipulated variable limits ———————————
| pe Parameter \ Lower 1.2

Parameter no.: 2013 \ Upper 1.4
Physical type:  Voltage - Step size
Units: volt - Maximum step size

\ Initial value: 1.3 /

-Report labels
Line 1 Line2 Line 3 Line 4

-EQ input

Open variable

Description

19



EPFL  Co-electrolyzer Aspen modelling
Step 3: Create a design specification block, which is able to make SOE inlet T = SOE outlet T

» Target: “MIX7” temperature = “FUEL4” temperature, by varying “CVCELL”

+ “FUELA4” temperature is fixed by the previous calculator
e “MIX7” temperature is calculated by using “CVCELL” parameter value
» The temperature difference of these two streams shall be 0 by varying CVCELL value

» SOE normally can be operated in the thermal neutral mode = T in=T out

e Tin>Tout, itis called as endothermic mode
e Tin<Tout,itiscalled as exothermic mode

Rule: Maximum temperature difference between inlet and outlet of SOE shall be smaller than 100C

* Main Flowsheet - TN-MODE - Input - | +
| & Define | & Spec la‘u’aly |F:.'rrtlan | Declarations | EOQ Options | Comments |

-Design specification expressions
TOUTSOEC - TINSOEC

Spec
Target

Tolerance

20



£PFL  Co-electrolyzer Aspen layout

Power - H, / Syngas via Solid Oxide Electrolyzer (SOE)

Co-electrolyzer Stack

—

Power in

v' For SOE, fuel flow rate is automatically calculated by Power input
v For SOE, O, mole fraction normally shall be smaller than 0.3, to prevent any material degradation and oxidation




EPFL  Co-electrolyzer Aspen modelling :
Step 4: Create a design specification block, define the air flow rate input

Home  Economics  Batch  Dynamics  PlantData  Equation Oriented  View _Customize

>  GotoView > Model Palette  amme sm - (o | % o G =
Q ZoomOut 7 scale b e e R e ronil Faer

. . Model Palette
> Go to ManIpUIa‘torS 9 DeSIgn-Spec Mixers/Splitters Separators Exchangers Columns. Reactors Pressure Changers Manipulators Solids User Models Batch Models
+ Name itas “COSOEAIR” O e (| L[| L || e |+ 2 - > o ] e Q o | | [morm | [+
MATERIAL Mult Dupl CIChng Analyzer Selector CQvec Chargebal ||Measurement Design-Spec Calculator Transfer

-

.

Power input ‘ Fuel flow rate

Syngas flow rate

\ O, production flow rate

~

tivity | PSD | Component Attr.

Utility | Comments

0.85 H20
0.85 CO2

Fractional conversion | Fractional Conversion of
Component

Stoichiometry

H20 --» H2(MIXED) + 0.5 O2(MIXED)
€02 --> CO(MIXED) + 0.5 02(MIXED)

)

» Target: “AIR-OUT” O, mole fraction = 0.3

» Ifthere is no air flow input, then the O, mole fraction is 1, which is dangerous for stack material, and also it is not SAFE!

* “AIR1” mole flow rate can be adjusted, to reach this target, as it contains N, and it can dilute the concentration of O,



£PFL  Co-electrolyzer Aspen modelling

Step 4: Create a design specification block, define the air flow rate input

» Target: “AIR-OUT” O, mole fraction = 0.3

U Define your target and specification: “AIR-OUT” O, mole fraction = 0.3

If there is no air flow input, then the O, mole fraction is 1, which is dangerous for stack material, and also it is not SAFE!
“AIR1” mole flow rate can be adjusted, to reach this target, as it contains N, and it can dilute the concentration of O,

Main Flowsheet -~ COSOEAIR « | +

[¥] Active

|| () ssmpled varibles (drag and drop variables from formto the grid below)

>] @Define ]:gsm [ @vary [ Fortran [ Declarations | €0 Options | Comments

Property Parameters

Reactions

Vanable Definition
cozouT Mole-Frac ouT D C 02
New View Variables
|| (A Edit selected variable
Variable @co20ut - Reference )
oty Type Mole-Frac -
Stream: AIR-OUT -
® Al |
Substream:  MIXED -
Blocks Component: 02
) Streams
) Model Utility

PPELOSS

* Main Flowsheet - COSOEAIR - |+

- Design specification expressions

@ Define | @Spec | @Vary | Fortran | Declarations

EOQ Options | Comments

Spec ;'cozour

Target :0-3

Tolerance le-3

23
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£PFL  Co-electrolyzer Aspen modelling

Step 4: Create a design specification block, define the air flow rate input

» Target: “AIR-OUT” O, mole fraction = 0.3

» Ifthere isnoair flow input, then the O, mole fraction is 1, which is dangerous for stack material, and also it is not SAFE!
+ “AIR1” mole flow rate can be adjusted, to reach this target, as it contains N, and it can dilute the concentration of O,

O Varying ”AIR1” mass flow rate, to achieve your target and specification: “AIR-OUT” O, mole fraction = 0.3

lQDeﬁne I @ Spec I @ Vary |Fortran |Declamions EO Options | Comments

ip d variable -Manip d variable limits ———————————

@ @ Type Stream-Var ~ Lower 03

n n Stream: AIR1 d Upper 1
Substream: MIXED - Step size 0.001

o— AR1 A AlRZ Variable: MASS-FLOW  ~ @ Maximum step size 0.1

HEATER1 Units: kg/sec b
of Report labels
Line 1 Line2 Line 3 Lined

EQ input - —

Open variable

|
‘ Description

Copy Clear

Note: If you are sure about the lower and upper limits, you can put a very big range, but it will increase the calculation time.
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Step 4: Create a design specification block, define the air flow rate input

» Target: “AIR-OUT” O, mole fraction = 0.3

If there is no air flow input, then the O, mole fraction is 1, which is dangerous for stack material, and also it is not SAFE!
+ “AIR1” mole flow rate can be adjusted, to reach this target, as it contains N, and it can dilute the concentration of O,

O Varying ”AIR1” mass flow rate, to achieve your target and specification: “AIR-OUT” O, mole fraction = 0.3

Main Flowsheet -

' COSOEAIR - | +

-EO input

l & Define I @ Spec I @ Vary lFoman | Declarations I EO Options I Comments [

ipulated variable ip d variable limits
Type Stream-Var - Lower F 0.3 ‘
Stream: AIR1 - Upper 1 ‘
Substream:  MIXED ~ | | Stepsize 0.001 |
Variable: MASS-FLOW  ~ Maximum step size 0.1 ‘
Snit Kaloec . Report labels
Line 1 Line 2 Line 3 Lined

Open variable

Description

Copy

Simulation

< I Capital: USD Uhilities: USD/Year

I

All ltems

Main Flowsheet

@] Block Options  »
[ Results
“A €O Variables
[@]EO Input
(3@ SET-TSOE
+ [ WATCRIT
(3 Teansfer
(@] Stream Library
S Balance
3 Measurement
(3 Pres Relief
(@] Add Input
+ [ Model Analysis Tools
+ [ EO Configuration
4 [ Results Summary
3l Run Status
[ Streams
[ Convergence

C-ATRFLO

(& Operating Cests
8 €02 Emissions
& Models
@ equipment
[ Datasheets
+ [ Dynamic Configuration
+ [ Plant Data -
Tr -

c;:;
) satety Analysis

Y Energy Analysis
Kl

Summary | & Status }

Convergence status
Property status

Aspen Plus messages:

Run Status ~ +

The following Convergence blocks were
completed with warnings:

Results Available with Warnings | Check Status

*

Aspen Plus messages:

WARNING

INITIAL VALUE FOR DESIGN SPEC VARIABLE 1
IS BELOW LOWER BOUND.

VALUE = @©.129476E-81 KG/SEC

LOWER BOUND = @.388088 KG/SEC

UPPER BOUND = 1.0000@ KG/SEC

VARIABLE RESET TO ©.37808@ KG/SEC

WARNING
MAX-STEP-SIZE VIOLATED. STEP ATTEMPTED: .245E-@2 STEP APPLIED: .243E-02

WARNING
EITHER SOLUTICON OUTSIDE BCUNDS OR SPEC FUNCTION IS NOT MONOTONIC.
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Step 4: Create a design specification block, define the air flow rate input

» Target: “AIR-OUT” O, mole fraction = 0.3

» Ifthere isnoair flow input, then the O, mole fraction is 1, which is dangerous for stack material, and also it is not SAFE!
+ “AIR1” mole flow rate can be adjusted, to reach this target, as it contains N, and it can dilute the concentration of O,

O Varying ”AIR1” mass flow rate, to achieve your target and specification: “AIR-OUT” O, mole fraction = 0.3

“Main Flowsheet -~ COSOEAIR ~ |+

I & Define I @ Spec I & Vary lFortran lDeclarations I EO Options IComments l
If you are not sure about the lower and upper limits, you can set

-Manipulated variable ——————— -Manipulated variable limits ————————————
Type Stream-Var « | | Lower | 0.0003 | it as a big range, but it can increase the calculation time.
Stream: AIR1 - Upper 1
Substream: MIXED - Step size \ 0.001
Variable: MASS-FLOW  ~ Maximum step size 0.1
Units: kg/sec >

-Report labels

lined . Enes Ined. el Now you can change the power input, the fuel and air flow rate
can be calculated automatically!!

-EO input

Open variable

Description

26
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>

27

Step 5: Create a design specification block, define “FUEL1” H,O and CO, mole fraction

“FUEL1” mole flow rate is automatically calculated by SOE power input ---- In “OXY” block

Main Flowsheet -~ OXY - |+

@ Define | @Calculate | @ Sequence | Tears | Stream Flash | Comments

- Calculation method
@ Fortran O Excel ‘ Fortran Declarations

Enter executable Fortran statements

CF = 96485
CI=-CELEFOW*1000/CVCELL

CIMRX= I
Fuel mole flow rate

FUEINH20 = FUELIN * RATIOZ2
FUEINCO2 = FUELIN * (1 - RATIOZ2)

In “OXY” block, input parameter “RATIO2”
is considered as the H,O mole fraction of fuel
input “FUEL1”

How about the mole fraction of H20 and C0O2?

Main Flowsheet - OXY « |+

| & Define | & Calculate lQSequence |Tears | Streamn Flash | Comments |

-Calculation method
‘ @ Fortran O Excel ‘ Fortran Declarations

Enter executable Fortran statements

CF = 96485
CI=-CELEPOW*1000/CVCELL
CIMAX= CI/CUF

FUELIN = CIMAX/CF/2

FUEINH20 = FUELIN * RATIOZ

FUEDICO2 = FUELIN + (1 -(RATI8) H,0 mole fraction



£PFL  Co-electrolyzer Aspen modelling

Step 5: Create a design specification block, define “FUEL1” H,O and CO, mole fraction

_ Yu, — Yco,
Yco T Yco,

» Requirement. “SYNGAS” SN = 3, by varying parameter “RATIO2”

» Define all the information that you need to calculate SN

28

~ Main Flowsheet ~ "SN = |+

[ @ Define I @ Spec [ @ Vary I Fortran I Declarations | EO Options | Comments

[¥] Active

~ | Sampled variables (drag and drop variables from form to the grid below)

Variable

YCo2
YCco
»

Definition
Mole-Frac Stream=SYNGAS Substream=MIXED Component=H2
Mole-Frac Stream=SYNGAS Substream=MIXED Component=C02
Mole-Frac Stream=SYNGAS Substream=MIXED Component=CO

New

~ | Edit selected variable
Variable @QYH2
-Category
LAl
) Blocks
© Streams
) Model Utility
_ Property Parameters

) Reactions

- Reference
Type Mole-Frac hd
Stream: SYNGAS -
Substream:  MIXED -
Component: H2 -~
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Step 5: Create a design specification block, define “FUEL1” H,O and CO, mole fraction

SN =

> Define how to calculate SN in specification

Yu, = Yco,
Yco tYco,

Main Flowsheet - /SN « |+

|QDdine | & Spec lﬂValy |Foman |Declala‘(mn; EQ Options | Comments

-Design specification exp

Spec (YH2-YCO2)/(YCO+YC02)
Target 3

Tolerance 0.1

_ Main Flowsheet

(SN < oXY « |+

| @oefine |;a§um: [ @Sequence | Tears | Stream Flsh | Comments

V| Active
» Varying “RATIOZ2”, to reach this target e | domsini Odnon
a Export variable Parameter Parameter no.=2002 Physical type=Current Units=amp Initial value=10
I a port vari 22003 Phy; = Current Units=amp

CUF Export variable .=2004 Phy: value=0.85
CEXTENH2 Export variable Block-Var Block=REACTION Variable= CONV Sentence=CONV ID1=1
CEXTENCO Export variable Block-Var Block=REACTION Variable= CONV Sentence=CONV ID1=2
CVCELL Import variable Parameter Parameter no.=2013 Physical type=Voltage Units=volt Initial value=1.3
CELEPOW Import variable Work-Power Stream=POWER Units=kW
FUELIN Export variable Stream-Var Stream=FUEL1
FUEINH20 Export variable Mole-Flow Stream=FUEL1
FUEINCO2 Export variable Mole-Flow Stream=FUEL1 ent=Cl

» RATIO2 Import variable Parameter Parameter no.=10002 Physical type=Dimensionles Units=Unitless Initial value=09

| View Var

v | Reference
Tpe Parameter - © Im)
Parameter no:
Physicaltype: Dimensionles
Unitless

Units:

Initial value:

29

Meain Flowsheet - SN « |+

| @pefine | @spec | @Very |Fortran | Declarations | EO Options | Comments

-Manip d variable -Manipulated variable limits
Type Parameter - | | Lower |
Parameter no.: 10002 | | Upper
Physical type:  Dimensionles - Step size
Units: Unitless - Maximum step size
Initial value:
~Report labels
Line 1 Line 2 Line3 Line 4
~EQ input

Open variable

Description




=PFL. Summary of learning outcomes

>

>

Calculator and Design Spec implementation in ASPEN

Understand “Import variable” and “Export variable”.

Use “Variable explorer” to find the “path” of variable

Water needs three heaters to be heated up to the right temperature

“Power” is the input that you can change, in order to achieve the syngas flow rate

If you have the “warning message”, please read the status, to understand where is the error.
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