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Class and Error

Class 5: Order-of-magnitude estimate
Normally, it requires only a block flow diagram.

Class 4: Study estimate

Based on the process flow diagram. Costs from generalized

charts.

Class 3: Preliminary estimate
Based on PFD. Includes vessel sketches for major
equipment, preliminary plot plan, and elevation diagram.

Class 2: Definitive estimate

Final PFD, vessel sketches, plot plan, and elevation
diagrams, utility balances, and a preliminary piping and
instrumentation diagram (P&ID).

Class 1: Detailed estimate

Final PFD and P&ID, vessel sketches, utility balances, plot
plan and elevation diagrams, and piping isometrics. All
diagrams are required to complete the construction of the
plant if it is built.

Class | Complete | Purpose of Methodology
definition | estimation

Wen

0-2% Screening or Stochastic or
Feasibility Judgment
4 1-15% Concept Study Primarily
or Feasibility Stochastic
3 10-40% Budget, Mixed but
authorization or ~ Primarily
Control Stochastic
2 30-70% Control or Primarily
Tender Deterministic
1 50-100%  Check Estimate  Deterministic

or Tender

Error of class 1: +6% ~ -4%
Error of class 4&5: +40% ~ -25%
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CEPCI

Cost Estimation

log10CY = K; + Kylog0S, + K3(log10S,)? Equipment cost attribute (size)

ANALYSIS, SYNTHESIS,

l AND DESIGN OF
. CHEMICAL PROCESSES
Purchased cost at the year in the book (CEPCI=397, 2001) pp—
n . RICHARD TURTON | JOSEPH A. SHAEIWITZ
CP, ( Sa ) Toozz * Size exponent, 0.6 s e T
0 - R i SR R -
CPref Sref/ T2009 Cost index - Chemical Engineering |
w Plant Cost Index (CEPCI) -
750 I 8 1 3 PRENTICE MALL INTERNATIONAL SERIES IN THE
700 2 02 2 _ — 1 . 5 6 PHYSICAL AND CREMICAL ENGINEERING SCIENCES
009 522 Note:
630 The calculation equation of bare module
600 When you spend cost will change according to different types
. of equipment.
> money is Important You can find all the information in this book.

2008 2010 2012 2014 2016 2018 2020 2022
Year

Bare module cost: Cgy = CPFgy = Cp(By + ByFyFp) = CpFgvFpFr—— Temperature factor

Bare module cost factor Material factor Pressure factor

Wen
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Case Study: Compressor 5
=
log,oCP = Kq + Kylog,oP + K3(log,oP)>—— Equipment cost attribute, fluid power, kW
l Achieved in ASPEN.
Purchase cost of the equipment, at ambient operating pressure and using carbon steel construction.
Table A.1 Equipment Cost Data to Be Used with
Equation (A.1) Rotary
Equipment Equipment Capacity, Min Max 1000 ‘ T —
Type Description K1 Kz K3 Units Size Size £ Flml i
is
Compressors | Centrifugal, 2.2897 1.3604 -0.1027 | Fluid 450 3000 %;Sé \/ [T
axial, and power, é‘; \
. . EH
L I kw § E Centrifugal, Axial, and R hng‘
i il and Bl
Rotary 5.0355 -1.8002 0.8253 Fluid 18 950 :
power, 100 ! ]
@ kW 10 100 Fluid Power, Wy W) 1000 10,000
S v
p Centrifugal axial
g Be careful with the range and unit
: Turton R, Bailie RC, Whiting WB, Analysis SJA. synthesis, and design of chemical processes. 3rd ed. Pearson

Education; Appendix A.
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Impact of Pressure

Pressure factor «——1log;oFp = C; + Cylog;oP + C5(log,oP)?

Table A.2 Pressure Factors for Process Equipment

Go to page 1297

Equipment
Type

Compressors

Pumps

Turton R, Bailie RC, Whiting WB, Analysis SJA. synthesis, and design of chemical processes. 3rd ed. Pearson

Equipment
Description

Centrifugal,
axial, rotary,

Reciprocating

Positive
displacement

Centrifugal

Education; Appendix A.

Ci

o]
—-0.245382

(0]

—-0.245382

(0]

—0.3935

C>

0
0.259016

(0]

0.259016

(0]

0.3957

Cs

-0.01363

-0.01363
0

-0.00226

Pressure
Range
(barg)

P<10
10<P<100

P<10

10<P<100
P<10

10<P<100

Note:

The pressure factor of
compressors is 1;

For other equipment, such as
pumps, be careful with the
pressure range.

Wen



=PFL  Calculation Method

Cem = CpFpy = CP(By + ByFyFp) Equations depend on the type of equipment

Wen

Table A.4 Constants for Bare Module Factor to Be Table A.5 Equations for Bare Module Cost for
Used in Equation (A.4) Equipment Not Covered by Tables A.3 and A.4
Equipment Equipment Type Equation for Bare Module Cost
Type Equipment Description B4 B,
Compressors and Ceu = CE Fpu
Heat Double pipe, multiple pipe, scraped wall, 1.74 1.55 blowers without
exchangers  and spiral tube drives
Fixed tube sheet, floating head, U-tube, 1.63 166 Drives for Csm = CgFpu
bayonet, kettle reboiler, and Teflon tube compressors and
Air cooler, spiral plate, and flat plate 0.96 121 blowers
= CjFpy F,
Process Horizontal 1.49 1.52 Evapo‘rators and Cru Cp BMZp
vaporizers
vessels
i i = CiFpy F,
Vertical (including towers) 225 182 Fa‘ns withelectric  Cpm = Gy Fpu Fy
drives
Pumps Reciprocatin; 1.89 1.35 .
& . g Fired heaters and Cpm = Cg‘; Fpu F, pF T
Positive displacement 1.89 135 furnaces

B Economic Analysis Tutorial

Turton R, Bailie RC, Whiting WB, Analysis SJA. synthesis, and design of chemical processes. 3rd ed. Pearson
Education; Appendix A.
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Bare Module Factor, Fgy

Impact of Material

Cgy = CPFpy = CP(By + ByFyFp)

Equations depend on the type of equipment

0 2 T T T : 1
0 10 20 30 40
Identification Number from Table A.6

50

T

60

Figure A.19 Bare Module Factors for Equipment in Table

70

Table A.6 Identification of Material Factors for

Equipment Listed in Table A.5 to Be Used with Figure
A9

Wen

Identification

Number

1

®

Equipment Type

Compressors/blowers

FBM:5'75

Turton R, Bailie RC, Whiting WB, Analysis SJA. synthesis, and design of chemical processes. 3rd ed. Pearson

Education; Appendix A.

Equipment
Description
Centrifugal
compressor
or blower

Centrifugal
compressor
or blower

Centrifugal
compressor
or blower
Axial
compressor

or blower

Axial

Material of
Construction

CS

SS

Ni alloy

CS

SS




=PFL - Website - Overview

P

- O [ (3  https:/ipese-web.apfl.ch/equipement costs/index html l

- p Get access to the website: https://ipese-
é%?:ftiiﬁi:g’&‘;“‘ <J Preface Introduction Equipement costs models References Web. e Dﬂ ) Ch/equ| Dem ent co StS/lndeX. html )

Preface

ouwen
Du Wen, Frangois Maréchal i

This Quarto book will give an introduction of how we connect all resources in FM’s lab.

All relevant information of each process unit will be put in one folder with the name of the unit being the name of
the folder, such as:

* index.qmd: It is the documentation of the process using markdown text.
= References: A reference.bib file which includes references of model development and relevant data.
= ./Model: A folder that includes the model of the unit:
o Model File can be with different formats:
= .asp: Aspen format
= _xls: XIs format
= .lua: ET.|ua format of asmose.lua
o Input.csv: Input of the model with the following format:
= “from”: commend that accesses the value in esmose.
“to”: command that allows to transfer the value to Input.csv.
“unit™: physical unit of the value transferred.
“Value”: value transferred.

= Output.csv: Output of the model with the following format:
= “from™: commend that accesses the the location in model and extract the value after the model
execution.
“to”: command that allows to transfer the value to Output.csv.
“unit”: physical unit of the value transferred.
“Value”: value resulting from the model execution.
o Script: It is a Python script with the following functions:
= create index.gmd: If there is no such afile, create one with a fixed format.
= execute ET.lua: Find the location of the ET file, create a frontend.lua to include ET.lua, execute
OSMOSE, read the results in .jason.

B Economic Analysis Tutorial
.

Wen
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Website - Overview

= (@] () hitps:/ipese-web.epfl.ch/equipement costs/equipement_costs/index.html

1

S‘mn..\‘ Preface Introduction Equipement costs models References

and Energy
Engineering

Equipement costs models

In each industrial sector, it contains relevant process units.

Industrial sector 1 Industrial sector 2

Process units for industrial sector 1 Pracess units for industrial sector 2

Q

Filter

Categories

All(2)

T

Find the equipment cost library here.

s

Wen
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B Economic Analysis Tutorial

b G B https://ipese-web.epfl.ch/equipement_costs/equipement_costs/Sector2/index.html

ang Energy Preface Introduction Equipement costs models References

Engineering

Industrial sector 2

Process units for industrial sector 2

=
P
ks

Categories

All (144)

Q, Filter

cost_0O2separator cost_SteamBoilers

We put the underlying code
here. You can look at the
documentation, inputs, and
outputs.

cost_LiquidRadialExpander

Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

C FuelCell_SOFC

Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

cost_PelsterCompressor_a

S

Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

cost_PlanarSOFC_leni

10

Wen
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cost_PelsterCompressor_a
xial

Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

cost_compressor_rotary
Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

Preface Introduction Equipement costs models References

cost_compressor_reciproc
ating

Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

cost_FuelCompressor_axia
|

Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

Website - Equipment Cost Libra

https://ipese-web.epfl.ch/equipement_costs/equipement_costs/Sector2/index.html

Q. compressor|

cost_compressor_centrifug
al

Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

cost_compressor_axial
Add here a description of the
equipment, define the reference
size, the function of the activity
modeled by the process unit and
the assumptions.

Categories

All (144)

T
P
ks

You can search for the
equipment.

The equipment subcategory is
shown in the name.

11

Wen



=PFL  Website - Axial Compressor ;

Wen

W IPESE ‘

Industrial Process / " "
;‘\;JEVI:gyrSysmms ~, l Preface Introduction Equipement costs models References Q
Engineering '\‘

cost_compressor_axial

Edit .
«» For more details, you can check the
Description <= description.

cost of compressor axial

reference

Analysis, Synthesis, and Design of Chemical Processes, Third Edition

By: Richard C. Bailie; Joseph A. Shaeiwitz; Richard Turton; Wallace B. Whiting
Publisher: Prentice Hall

Pub. Date: 2012 Most Recent Edition

PrintISBN-10: 0-13-261812-5

Print ISBN-13: 978-0-13-261812-0

B Economic Analysis Tutorial
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Website - Axial Compressor

Maziar Kermani

Versioning

2017-07-24 V1: update based on latest data from the reference

Input parameters

cost_compressor_axial(shaftpower, material=‘CS’) — R equ |red |n puts

Code

¥ Show/hide code for vertical vessel

from equipment_costs import cost_compressor_axial

Cost_BM, Cost_TM, Cost_GR = cost_compressor_axial(shaftpower, material='CS')
print(Cost_BM, Cost_TM, Cost_GR)

» Details

0 <— Copy and paste

13

Wen
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EXPLORER ) welcome %

v PROCESS_GUIDE_BOOK

> Figures

> Rosmose
_quarto.yml
.gitignore
o0intro.gmd Get Started with VS
00gmdtutorial.gmd
01Class1Physicalproperties.qmd COde
02Class2Biomass.qmd
03Class3Gasification.gmd
04ClassdCoelectrolysis.gmd
05ClassSReactors.qmd Dark Modern Light Modemn
06ClasseDistillationcolumn.gmd
07Class7ROSMOSEtutorial.qmd Choose your theme

08ClassB8Economicanalysis.qgmd )
The right theme helps you focus on your
09Class9HAZOP.gmd B
code, is easy on your eyes, and is simply
010Conclusions.gmd moare fun to use.
index.gmd
projectbib Browse Color Themes

README.md

style.css Light High Contrast

Rich support for all your languages
r settings
Sync settings across devices
Unlock productivity with the Command

etween your files

» OUTLINE

> e Open the PROCESS_guide_book

¥ FPmant 3 @0A0 W0 GitGraph Quarto: 15.

B Economic Analysis Tutori

R: (not attached) [}
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File Edit Selection View Go Run --- £ PROCESS _guide book
EXTENSIONS: MARKETPLACE () e 85 Extension: Quarto X

quarto \Td
Qua rto w-119.e

(IS TR ks Quarto # quarto.org <> 189,425 ok ek (18)

Extension for the Quarto sci...
# Quarto Install Extension for the Quarto scientific and technical publishing system.

Markdown P. Install / Auto Update &%

Install
Markdown ... < 10.6M % 45

Categories
quarto-vscode

Programming Languages
’ VS Code extension for the Quarto scientific and technical publishing system. This Data Science
Mickagl CANQUIL Install -
e " extension provides language support for Quarto .gmd files, including: Machine Learning

Markdown & Q... ®2x %5
rh 10 Render command with integrated preview pane Notebooks

T e Syntax highlighting for markdown and embedded languages

Completion for embedded languages (e.g. Python, R, Julia, LaTeX, etc.) Resources
QuartoFootnoteHi

Tt [ ghlig
nkrr Install

Completion and diagnostics for project files and document/cell options
Completion for citations and cross references

Commands and key-bindings for running cells and selected line(s)
Markdown Ta... < 169K % Automatic navigation to render errors for Jupyter, Knitr, and YAML

A = s Live preview for embedded Mermaid and Graphviz diagrams

Takumi Ish Assist panel for contextual help, image preview, and math preview

Pandoc Citer » 5 Code snippets for common markdown constructs More Info
A Code folding and document outline for navigation within documents

Workspace symbol provider for navigation across project files Published  2022-02-10,
19:32:08

?uartlze 7 Installation Last 2025-03-21,

Quart Vis d released  20:08:02

coatless The easiest way to install is directly from within VS Code (search extensions for Last 2025-04-02,
"quarto”). updated  16:2%:58

Toggle List and Tas... @ 155 \dentifier quarto.guarto

Nik Install

B Economic Analysis Tutol

Install the Quarto extension.

®oA0 W0 GitGraph R: (not attached) [
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File Edit Selection View Go Run --- £ PROCESS _guide book
EXTENSIONS: MARKETPLACE 0 - Y Extension: Jupyter X

jupyter =Y
. ® Jupyter v2025.3.8

- . t Microsoft # microso r & 89,901,212 k& A (331)
ﬂl‘:;ll: osoft Install |~ JU py er

Jupyter Key... < 700m % 4 Install [+ ./ Auto Update 3

Jupyter notebook support, interactive programming and computing that supports Intellis...

DETAILS FEA

Extension Pack (4) — c
ategories

H e Extension Packs
Jug it <5
# Microsoft Data Science

Machine Learning

:ﬂ

Jupyter Notebook Renderers Visualization
~ Re l s (with plotly.

B Motebooks
# Microsoft Install |+

Resources

Jupyter Extension for Visual Studio Code

tension that provides basic notebook support for lan
ki ed in Jupyter Notebooks today, and allows any Python
environment to be used as a Jupyter kernel. This is NOT a Jupyter kernel-—you must
have Python environment in which you've installed the Jupyter p e, though many More Info

language kemels will work with no modification. To enable advanced features,
Published 2020-11-11,

20:14:18
R Last 2025-04-01,
- ‘ = - J released  23:42:13
Jupyter Theme @72k % 5 t ot gy Identifier  ms-

161K K1 modifications may be needed in the VS Code language extensions.
oks in v

Sam Helms Install

matplutlin pyplot = plt

O NN N

WCoding Install hon extension have incompatible shared dependencie...

Install the Jupyter extension.

B Economic Analysis Tutori

Git Graph  Quarto: 1.5.56 R:(not attached) ¥




uipment Cost Calculation - Overview

File Edit Selection View Go Run --- £ PROCESS _guide_book

@ EXPLORER ) Welcome L uarto equipment cost.qmd U X
~ PROCESS_GUIDE_BOOK equipment cost.qmd
> Figures 1
> Rosmose
_quarto.yml|
.gitignore
00intro.qmd
00gmdtutorial.gmd
01Class1Physicalproperties.qmd
02Class2Biomass.qmd
03Class3Gasification.gmd
04Class4Coelectrolysis.gmd
05Class5Reactors.gmd
06ClasseDistillationcolumn.gmd
07Class7ROSMOSEtutorial.gmd
08Class8Economicanalysis.qmd i i i i
0SClassSHAZOP.qmd Python — m pip install --extra-index-url=https://ipese-
010Conclusions.gmd . . . .
coipment costagmd internal.epfl.ch/registry/pypi equipment_costs
index.qmd
project.bib
README.md
style.css

OUTPUT ~ DEBUG COMSOLE  TERMINAL  PORTS ] powershell 4~ [[ W ---

PS C:\Users\dwen\Desktop\PROCESS_guide_book> python pip install
equipment_costs|

> ouune Install equipment_costs package using Terminal.

> TIMELINE
¥ PP maint & @0A0 Wo

B Economic Analysis Tutorial
Economic Analysis Tutorial

es:4 UTF-8 CRLF Quarto (¥

Use EPFL network to install the package.
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File Edit Selection View Go Run --- £ PROCESS _guide_book

Search PROCESS guide book — # equipment costqmd - PROCESS_guide book - Visual
Studio Code
“ PROCESS_GUIDE_BOOK equipment co

EXPLORER ) Welcome

> Figures >
> {python}

* Rosmose
from equipment_costs import cost_compressor_axial

» frontend_MER_files
> frontend_TotalCost files Cost_BM, Cost_TM, Cost_GR = cost_compressor_axial(5e0)
? ipese print(Cost_BM, Cost_TM, Cost _GR)
> model [
> result
> temp

frontend_MER_20MW.html
frontend_MER_30MW.html

frontend_MER html|

frontend_MER.gmd

frontend_TotalCost.html

frontend_TotalCost.qmd

report.rmd
_quarto.yml

.gitignore

00intro.qmd

00gmdtutorial.gmd

01Class1Physicalproperties.qmd
02Class2Biomass.gmd

03Class3Gasification.qmd
04Class4Coelectrolysis.gmd

05Class5Reactors.gmd
06ClasséDistillationcolumn.gmd Downloading numpy-2.2.4-cp311-cp311-win_amd64.whl.metadata (6@ kB)

TERMINAL

eta
07Class7TROSMOSEtutorial.gmd
5 utonalgm Downloading numpy-2.2.4-cp311-cp311-win_amd64.whl (12.9 MB)
08Class8Economicanalysis.qmd eta

09Class9HAZOP.gmd Installing collected packages: numpy, equipment_costs
010Conclusions.gmd WARNING: Failed to write executable - trying to use .deleteme logic
equipment cost.gmd
index.qmd
£ projectbib
OQUTLINE [
TIMELINE PS C:\Users\
X PP main* & ®0A0 WO GitGraph Quarto: 1556 R:(notattached) Ln6,Col4 Spaces:4 UTF-8 CRLF

B Economic Analysis Tutol
Economic Analysis Tutori
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Equipment Cost Calculation

>

EXPLORER

~ PROCESS_GUIDE_BOOK
> Figures
* Rosmose

» frontend_MER_files

» frontend_TotalCost_files

> ipese

> model

> result

> temp
frontend_MER_20MW.html
frontend_MER_30MW.html
frontend_MER html|
frontend_MER.gmd
frontend_TotalCost.html
frontend_TotalCost.qmd
report.rmd
_quarto.yml
.gitignore
00intro.qmd
00gmdtutorial.gmd
01Class1Physicalproperties.qmd
02Class2Biomass.gmd
03Class3Gasification.qmd
04Class4Coelectrolysis.gmd
05Class5Reactors.gmd
06Class6Distillationcolumn.gmd
07Class7TROSMOSEtutorial.gmd
08Class8Economicanalysis.qmd
09Class8HAZOP.gmd
010Conclusions.gmd
equipment cost.gmd
index.qmd

£ projectbib

QUTLINE

TIMELINE

Pmaint & ®@0A0 W0 GitGraph

O on
jol-l:

Dv -

equipment cost.gmd U @

equipment cost.gmd > & (code cell) | X Clear Al D Restart

fpython}
frim equipment_costs import

Connecting to Python 3.71.9...

co t_compressor_axial

Co t_BM, Cost_TM, Cost GR = from equipment costs import
co.t_compressor_axial (50@)

print(Cost_BM, Cost_TM, Cost GR)

vith 'Python 3119 requires the ipykernel package.

Change Kernel Cancel

TERMINAL

Downloading numpy-2.2.4-cp311-cp311-win_amd64.whl.metadata (6@ kB)
eta
Downloading numpy-2.2.4-cp311-cp311-win_amd64.whl (12.9 MB)
eta
Installing collected packages: numpy, equipment_costs
WARNING: Failed to write executable - trying to use .deleteme logic

PS C:\Use

Quarto: 1.5.56 ot attached) Ln6, Col4 Spaces:4 UTF-8 CRLF

B, python 2.119

Quarto
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File Edit Selection View Go O PROCESS_guide_book Do Mmoo - (] *®

LD EXPLORER ) we e equipment cost.gmd U @ >~ O -
1

~+ PROCESS_GUIDE_BOOK d > @ (code cell) | X ClearAll 'O Restart --- B Ppython 3.11.9
> Figures

* Rosmose

§ from equipment_costs import Connected to Python 3.11.9

» frontend_MER_files — -
cost_compressor_axial

» frontend_TotalCost_files
> ipese Cost_BM, Cost_TM, Cost GR = from equipment costs import
> model cost_compressor_axial(50@)
> print(Cost_BM, Cost_TM, Cost GR)
>

result Traceback
temp

frontend_MER_20MW.html| from import cost_compressor_
frontend_MER_30MW.html| Cost_BM, Cost_TM, Cost GR = cost_compressor
frontend MERhtml print(Cost BM, Cost TM, Cost GR)

frontend_MER.gmd
frontend_TotalCost.html
frontend_TotalCost.qmd

: No module named ‘equipment_cost

report.rmd
_quarto.yml
.gitignore
00intro.qmd
00gmdtutorial.gmd
01Class1Physicalproperties.qmd
02Class2Biomass.gmd
03Class3Gasification.qmd
04Class4Coelectrolysis.gmd
05Class5Reactors.gmd

06Class6Distlationcolumn.qmd Python — m pip install --extra-index-url=https://ipes
07Class7ROSMOSEtutorial.gmd . . . .
. internal.epfl.ch/registry/pypi equipment_costs

TERMINAL

08Class8Economicanalysis.qmd Installing collected packages: numpy, equipment_d
09Class8HAZOP.gmd

010Conclusions.gmd

equipment cost.gmd

index.qmd

= project.bib 1 A new release of pip is available:

OUTLINE

Reinstall the equipment_costs package using Terminal.

X I° main* & @O0AQ

B Economic Analysis Tutori

UTF-8 CRLF

Economic Analysis Tutorial
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File Edit Selection View Go O PROCESS_guide_book Do Mmoo - (]

@ EXPLORER \ e equipment cost.qmd U X Dy % @ -

~ PROCESS_GUIDE_BOOK equipment cost.qmd > @ (code cell) | X Clear Al D Restart --- B Ppython 3.11.9

> Figures MLIEE
fpython}
frim equipment_costs import

co t_compressor_axial

~ Rosmose +/ from equipment_costs import

frontend_MER_files

frontend_TotalCost_files 956687.2845843866 1128890.9958895762 1463731.5454141

>

>

> ipese Co t_BM, Cost_TM, Cost_GR =

> model co.t_compressor_axial(5@@)

> prlht(custiBM, Cost_TM, Cost GR)
>

result
temp
frontend_MER_20MW.html
frontend_MER_30MW.html
frontend_MER html|
frontend_MER.gmd
frontend_TotalCost.html
frontend_TotalCost.qmd
report.rmd
_quarto.yml
.gitignore
00intro.qmd
00gmdtutorial.gmd
01Class1Physicalproperties.qmd
02Class2Biomass.gmd
03Class3Gasification.qmd
04Class4Coelectrolysis.gmd

05Class5Reactors.qmd s ouTrd b SR
06Class6Distillationcolumn.gmd PS C:\Users\dwen\Desktop\PROCESS_guide_book> python pip install
equipment_costs
) Looking in indexes: https://pypi.org/simple, https://ipese-internal.epfl.ch/registry/pypi
08Class8Economicanalysis.qmd Collecting equipment_costs
09Class9HAZOP.gmd Downloading https://ipese-internal.epfl.ch/registry/pypi/packages/equipment_costs-8.0.2-py3-none-any.whl (436 kB)
eta
Requirement already satisfied: numpy<3.0.8,>=2.8.8 in c:\python311\lib\site-packages (from equipment_costs) (2.2.4)
equipment costqmd Installing collected packages: equipment costs
index.gmd Successfully installed equipment costs-8.8.2

E TERMINAL PORTS UPYTE

07Class7TROSMOSEtutorial.gmd

010Conclusions.gmd

£ projectbib

[ 1 A new release of pip is available:
CULEE [ 1 To update, run:
TIMELINE PS C:\Users\dwen\Desktop\PROCESS_guide_book> D

* P main* O @0A0 WO GitGraph Quarto: 15.56 R: (notattached) Ln5 Col4 Spaces:4 UTF-8 CRLF Quarto

B Economic Analysis Tutol
Economic Analysis Tutori
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File

&

Edit Selection View Go

EXPLORER

~ PROCESS_GUIDE_BOOK
> Figures
* Rosmose

» frontend_MER_files

» frontend_TotalCost_files

> ipese

> model

> result

> temp
frontend_MER_20MW.html
frontend_MER_30MW.html
frontend_MER html|
frontend_MER.gmd
frontend_TotalCost.html
frontend_TotalCost.qmd
report.rmd
_quarto.yml
.gitignore
00intro.qmd
00gmdtutorial.gmd
01Class1Physicalproperties.qmd
02Class2Biomass.gmd
03Class3Gasification.qmd
04Class4Coelectrolysis.gmd
05Class5Reactors.gmd
06Class6Distillationcolumn.gmd
07Class7TROSMOSEtutorial.gmd
08Class8Economicanalysis.qmd
09Class8HAZOP.gmd
010Conclusions.gmd
equipment cost.gmd
index.qmd

£ projectbib

QUTLINE

TIMELINE

¥ ¥ main* &
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@®0oAD WO GitGraph

Equipment Cost Calculation - Compressor

nQmoi - o X

£ PROCESS _guide_book

Dv -

equipment cost.gmd U X

| X Clear Al 'O Restart B Ppython 3.11.9

equipment cost.qmd > @ (code cell)

* {python}
from equipment_costs import
cost_compressor_axial

Traceback

from import cost_compressor_
Cost_BM, Cost_TM, Cost GR = cost compressor

Cost_BM, Cost_TM, Cost ur -
print(Cost BM, Cost TM, Cost GR)

ccst_cumpr‘essor_axia'.(‘llaaj
print(Cost_BM, Cost_1M, Cosc GR)

# Function parameters: [‘c”, "shaftpower”’,

if shaftpower < or shaftpower >

TERMINAL PORTS UPYTE

PS C:\Users\dwen\Desktop\PROCESS_guide_book> python
equipment_costs
Looking in indexes: https://pypi.org/simple, https://ipese-internal.epfl.ch/registry/pypi
Collecting equipment_costs
Downloading https://ipese-internal.epfl.ch/registry/pypi/packages/equipment_costs-8.0.2-py3-none-any.whl (436 kB)
eta
Requirement already satisfied: numpy<3.0.8,>=2.8.8 in c:\python311\lib\site-packages (from equipment_costs) (2.2.4)
Installing collected packages: equipment_costs
Successfully installed equipment costs-8.8.2

pip install

[ i} o Tl

[ nput. Error, Why?

PS C:\U

Quarto: 1.5.56 Ln4,Col 52 Spaces:4 UTF-8 CRLF Quario |



=*L Equipment Cost Calculation - Pump

File Edit Selection View Go O PROCESS_guide_book Do Mmoo - *®

@ EXPLORER equipment cost.gmd < Interactive-1 X > O -

~ PROCESS_GUIDE_BOOK equipment cost.qmd > @ (code cell) | X Clear Al D Restart --- B Ppython 3.11.9

PELIL LUSL_ D, WUSL I, LUSL_UR

> Figures & iE=

* {python}
. from equipment costs import

frontend_MER_files cost_pump_centrifugal # Function parameters: ['c’, "shaftpower®,

frontend_TotalCost_files

>

>

? ipese Cost_BM, Cost_TM, Cost_GR = # check the ranges
> model cost_pump_centrifugal(10,18) # --
>
>

* Rosmose

print(Cost_BM, Cost_TM, Cost GR) if shaftpower < or shaftpower >

result
e print(

temp

frontend_MER_20MW.html

frontend_MER_30MW.html

frontend_MER.html ref_year =
frontend_MER.gmd
frontend_TotalCost.html
frontend_TotalCost.qmd

can only concatenate str (not "int") to s

report.rmd

_quarto.yml +/ from equipment_costs import

.gitignore

00intro.qmd 24647 .593819969392 290884.168767563882 37716.81854455

00gmdtutorial.gmd

01Class1Physicalproperties.qmd

02Class2Biomass.gmd

03Class3Gasification.qmd

04Class4Coelectrolysis.gmd

05Class5Reactors.qmd s ouTrd b .

06Class6Distillationcolumn.gmd PS C:\Users\dwen\Desktop\PROCESS_guide_book> python pip install

equipment_costs

) Looking in indexes: https://pypi.org/simple, https://ipese-internal.epfl.ch/registry/pypi

08Class8Economicanalysis.qmd Collecting equipment_costs

09Class9HAZOP.gmd Downloading https://ipese-internal.epfl.ch/registry/pypi/packages/equipment_costs-8.0.2-py3-none-any.whl (436 kB)
eta

Requirement already satisfied: numpy<3.0.8,>=2.8.8 in c:\python311\lib\site-packages (from equipment_costs) (2.2.4)

equipment cost.qmd Installing collected packages: equipment_costs

index.qmd Successfully installed equipment costs-8.8.2

SOLE TERMINAL PORTS UPYTE

07Class7TROSMOSEtutorial.gmd

010Conclusions.gmd

£ projectbib
OQUTLINE

e Change to pump. It requires not only power but also pressu

¥ I main* &
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=PFL  Equipment Cost Calculation - Heat Exchanger

File Edit Selection View Go O PROCESS_guide_book Do Mmoo - (] *®

@ EXPLORER \ e equipment cost.qmd U X Dy % @ -

~ PROCESS_GUIDE_BOOK equipment cost.qmd > @ (code cell) | X Clear Al D Restart --- B Ppython 3.11.9

> Figures > Run Ce
~" " {python} if shaftpower < or shaftpower >

* Rosmose

§ from equipment_costs import print(
frontend_MER_files —

Z cost_HeatExchanger FixedTubeSheet

» frontend_TotalCost_files

> ipese Cost_BM, Cost_TM, Cost_GR =

> model cost_HeatExchanger_FixedTubeSheet(1€,1) ref_year =

> print(Cost_BM, Cost_TM, Cost GR)

5 : can only concatenate str (not "int") to s

result

temp
frontend_MER_20MW.html
frontend_MER_30MW.html
frontend_MERhtml +/ from eguipment_costs import
frontend_MER.gmd
frontend_TotalCost.html
frontend_TotalCost.qmd

24647 .593819969392 29884.160787563882 37710.81854455

report.rmd

_quarto.yml +/ from equipment_costs import
.gitignore

00intro.qmd 16288.2724288683518 192168.72146584415 24968.816814845

00gmdtutorial.gmd

01Class1Physicalproperties.qmd

02Class2Biomass.gmd

03Class3Gasification.qmd

04Class4Coelectrolysis.gmd

05Class5Reactors.gmd s e

06Class6Distillationcolumn.gmd PS C:\Users\dwen\Desktop\PROCESS_guide_book> python pip install

S Cekos o and Looking in in;::;STe:tE;:ﬁ?Dypi.org[simple, https://ipese-internal.epfl.ch/registry/pypi

08Class8Economicanalysis.qmd Collecting equipment_costs

09Class9HAZOP.gmd Downloading https://ipese-internal.epfl.ch/registry/pypi/packages/equipment_costs-8.0.2-py3-none-any.whl (436 kB)
eta

Requirement already satisfied: numpy<3.0.8,>=2.8.8 in c:\python311\lib\site-packages (from equipment_costs) (2.2.4)

equipment costqmd Installing collected packages: equipment_costs

index.qmd Successfully installed equipment costs-8.8.2

D COMNSOLE TERMINAL PORTS UPYTE

010Conclusions.gmd

£ projectbib
OQUTLINE

s Change to heat exchanger. It requires area and pressure.

¥ ¥ main* & @04
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=PFL  Equipment Cost Calculation

File Edit Selection View Go Run - O PROCESS_guide_book Do Mmoo - (] *®

@ EXPLORER \ e equipment cost.qmd U X Dy % @ -

~ PROCESS_GUIDE_BOOK equipment cost.qmd > @ (code cell) | X Clear Al D Restart --- B Ppython 3.11.9
[> Run Ce ret_year =

{python}

from equipment costs import : can only concatenate str (not “int") to s

cost_Verticalvessels

> Figures L

* Rosmose
frontend_MER_files
frontend_TotalCost_files
ipese Cost_BM, Cost_TM, Cost_GR =

>
>
5
> model cost_VerticalVessels(1,3,18) +/ from eguipment_costs import
> print(Cost_BM, Cost_TM, Cost GR)

5 [~ 24647 .593819969392 20884.1687867563882 37716.81854455

result

temp
frontend_MER_20MW.html
frontend_MER_30MW.html
frontend_MERhtml +/ from equipment_costs import
frontend_MER.gmd
frontend_TotalCost.html
frontend_TotalCost.qmd

16288.272428803518 192108.72146584415 249088.816814845

report.rmd

_quarto.yml +/ from equipment_costs import

.gitignore

00intro.qmd 66816.39564748781 78843 .34686394122 182229.885348533

00gmdtutorial.gmd

01Class1Physicalproperties.qmd

02Class2Biomass.gmd

03Class3Gasification.qmd

04Class4Coelectrolysis.gmd

05Class5Reactors.qmd s ouTrd b =

06Class6Distillationcolumn.gmd PS C:\Users\dwen\Desktop\PROCESS_guide_book> python pip install

equipment_costs

) Looking in indexes: https://pypi.org/simple, https://ipese-internal.epfl.ch/registry/pypi

08Class8Economicanalysis.qmd Collecting equipment_costs

09Class9HAZOP.gmd Downloading https://ipese-internal.epfl.ch/registry/pypi/packages/equipment_costs-8.0.2-py3-none-any.whl (436 kB)
eta

Requirement already satisfied: numpy<3.0.8,>=2.8.8 in c:\python311\lib\site-packages (from equipment_costs) (2.2.4)

equipment cost.qmd Installing collected packages: equipment_costs

index.qmd Successfully installed equipment costs-8.8.2

DNSOLE TERMINAL PORTS UPYTE

07Class7TROSMOSEtutorial.gmd

010Conclusions.gmd

project.bib
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=PrL

B Economic Analysis Tutorial

Questions

What is the bare module cost of a centrifugal compressor with 500 kW?
What is the bare module cost of a reciprocating pump with 100 kW and 1 bar?

What is the bare module cost of a double pipe heat exchanger with 100 m2
and 10 bar?

What is the bare module cost of a horizontal vessel with 1 m in diameter, 3 m
in length, and 10 bar?

Wen
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