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License and development FlexTEX3

1. FlexTool license
o |IRENA FlexTool is a free software

o Redistribute or modify under GNU Lesser General Public License

2. Ongoing development
o The main branch is actively developed by IRENA and VTT Technical Research Centre of Finland

o New versions will be announced on irena.org

3. Future developments
o New features are developed according to user needs and wishes

o Any suggestions/comments can be submitted to Flextool@irena.org



http://www.irena.org/
mailto:Flextool@irena.org

IRENA

Versions of the FlexTool FlexTX3

1. First public version (November 2018)

2. Version 1.2 (April 2019)

o New features were added for multinode models and improved result printing

3. Version 2.0 (April 2020)

o Added units with multiple outputs (e.g., CHP units), better unit specific constraints
(e.g., minimum and maximum generation, fixed generation, etc.)

o Further improvements in results printing



Support documents
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https://irena.org/-/media/Files/IRENA/Agency/Publication/2018/Nov/IRENA_FlexTool_summary_2019.pdf?la=en&hash=046D20164074C7BB9D6A18351F35050875963014
https://irena.org/-/media/Files/IRENA/Agency/Publication/2018/Nov/IRENA_Power_system_flexibility_1_2018.pdf?la=en&hash=72EC26336F127C7D51DF798CE19F477557CE9A82
https://irena.org/-/media/Files/IRENA/Agency/Publication/2018/Nov/IRENA_Power_system_flexibility_2_2018.pdf?la=en&hash=B7028E2E169CF239269EC9695D53276E084A29AE
https://irena.org/publications/2018/Nov/Uruguay-power-system-flexibility-assessment
https://irena.org/publications/2018/Nov/Colombia-power-system-flexibility-assessment
https://irena.org/publications/2019/Jan/Panama-power-system-flexibility-assessment
https://irena.org/publications/2019/May/Thailand-power-system-flexibility-assessment
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Main files (1-3) FlexTX3

FlexTool involves three main files:

Users must be Excel-enabled:
1. flexTool.xIsm file (MS Excel)

2. Input-data files (MS Excel)

3. Result files (MS Excel) X




IRENA

Main files: (1) User interface FlexTo

1. flexTool.xIsm (MS Excel)

o Main user interface:
o Select used model and scenarios,

o Run the model, Screenshot: flexTool.xlsm
o Print selected results

Options for the modelling process: Sensitivity definitions
v Settings and filters

Run Scenarios

Import results

IRENA

Import summary

FlexT:X3

Instructions

General

- This file contains macros. Macros must be enabled for this sheet and for Excel in general. See 'Getting Started' for more info.
- Edit only blue and light blue cells

Run scenarios:
- Tool will run all the active scenarios in the right selection for all the active input files in the left selection
- Swap scenarios or input files on or off using the green arrows
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Main files: (2) Data input FlexTool

2. Input-data files (MS Excel)
o Input data files define the model version
o flexTool.xIsm is the same for all countries, input data is unique
o Every model year needs its own input data file (e.g., Thailand 2019, Thailand 2030)

A B C D E F G H I | i L M Il 0 P Q
—~
a
T | B . oo i | Screenshot
A 5 .
z = t § £ . & 2 IRENA of the input
s =2 ] o = 3 2 ] = A\ .
T E ; &8 E g § 3 ¢ FlexTexl data file
: t §f 8 g ¢ F £ 3
E o g £ E @ o E | 9
1 grid node nodeGroup nodeGroup2 = E s 2 = 3 3 & ]
2 elec nodeh syncl reservel | 10000000 _I 10000 67 0.8 1 1 1
3 elec nodeB syncl reservel 16000000 260 0.8 0 0 1
4 csp B_CsP 0 1.0 0 0 0
5 elec nadeC reservel 9000000 130 | 0.8 0 0 1 R
6  heat heatA 10000000 0 0 1 1R
7
8
9
10
» infa master nodeGroup | gridNode unit_type fuel unitGroup units nodeMNode ts_cf ts_inflow ts_energy | ... (#) [
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Main files: (3) FlexTool results FlexTE

3. Result files (MS Excel)

o Results show in large amounts, from summaries to more detailed ones

o User has the possibility to show only one scenario or to compare results from
multiple scenarios

A B C D E F G H 1 1 K L
A B [ D E 1 Exg\anat\:lg
2
1 Update sheets window template_group:template_groups_v4 3 Load shedding VRE curtailment
2 Base invest oo Screenshots of
g 5
3 |Optimal objective 6.97E+10 2306494547 e 7 o018 .
m| —_ I 0.014
4 |lterations 1557 933 7 51T whewn  Som: _— the resu ItS fl Ie
| . E
5 [Time (s) 1.402 1.032 51 Be se 3 0% 5o
@ 11: E 34— ®nodeC g 2222 ®nodeC
7 |Total cost obj. function (M CUR) 69583.86596 2231.355963 o “: T :;‘ 0004 ::
11— node, node,
& |Time in use in years 0.053424658  0.053424658 TR oo
_ 14 Base  lest
9 15
1 S
10 |Emissions £
11 |coz (mt) 6.61487 8.70954 =
12 | 19 Non-VRE generation Increased demand/charging
13 |General results elec elec & o o
14 |VRE share (% of annual demand) 29.7 34.01 2§ el |
— g L] 02— —
15 |Loss of load (% of demand) 19.6 0.3842 ;j 9 sheath g . || mheath
16 |Insufficient reserves (% of reserve demand) 0 0 5 1 I A W B
i . . . . . F HnodeC E HnodeC
1}'_Insuf'f|IC|ent|'nfrt|’a (% oflnfartla demand) 0 0 B § 10 | redes D05 s nedes
T ’ T T T = 8 51— 1 ] nodeA 06 — nodeA
2 o 07
30 Base Invest. B Imeesi
3t Scenario: Scenarios
32
33




International Renewable Energy Agency

Install and test the FlexTool




IRENA

Steps to install IRENA FlexTool FlexT&I

IRENA FlexTool can be installed and run in just five steps:

1. Create folders and copy files

2. Enable macros in flexTool.xIsm Excel file

3. Run existing demo model

4. Introduction to results file

5. Batch run — Running both dispatch and investment modes
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Create folders and copy files, 1/2 FlexT&E

1. Create a folder for FlexTool (e.g., c:\FlexTool)
o |nstall folder is called root folder

2. Copy zipped FlexTool install package to the new folder

o File is named as flexTool YYYY_MM _ DD.zip (e.g., FlexTool 2019 11 03.zip)
o Check from file name which version (date) of the tool you are installing

) > g D)) felod ) 5]

ev  Includeinlibrary v Sharewith v New folder

A

Name Date modified Type Size

& flexTool 11 30:2ip 11/30/2017 304 PM  WinZip File 60,144 KB



Create folders and copy files, 2/2

IRENA

FlexT:XX

3. Unzip files to root folder

Default (C:) » FlexTool »

are with = Mew folder

Mame Date modified Type Size

. InputData 2/12/2020 5:33 PM File folder

|| .gitattributes 11/20/2019 5:03 PM GITATTRIBUTES File 1KE
|| .gitignore 11/20/2019 5:03 PM  GITIGMORE File 1KE
| | CHAMNGELOG.rmd 11/20/2019 5:03 PM MD File TKE
B clp.exe 8/27/2018 439 PM  Application 2,271 KB
2| ConvertSol.vbs 872772018 4:39 PM VEScript Script File 1 KB
| COPYING.LESSER. bt 11/20/2019 5:03 PM  TXT File 8 KB
[ COPYING.bet 11/20/2019 5:03 PM  TXT File 35 KB
|E flexModel.med 11/20/2019 5:03 PM Movie Clip 160 KB
ﬂ_ﬁ flexToolxlsm 11/20/2019 5:04 PM  Microsoft Excel M... 738 KB
|Z| glpk_4_61.dll 8/27/2018 4:39 PM Application extens... 1,792 KB
[ glpsol.exe 8/27/2018 439 PM  Application 544 KB
2| ImportResvbs 8/27/2018 4:39 PM  VBScript Script File 1KE
|B| pararnMotWritten.dat 11/20/2019 5:03 PM  DAT File 1KE
| README.txt 11/20/2019 5:03 PM  TKT File 1KE
Result file explanations.xlsx 11/20/2019 5:03 PM  Microsoft Excel W... 16 KB
|| SheetsForm.frm 11/20/2019 5:03 PM  FRM File 16 KB
|| SheetsForm.frx 11/20/2019 5:03 PM  FRX File 4 KB
|| showForm.bas 11/20/2019 5:03 PM  BAS File 1KE
start_optimization.bat 11/20/2019 5:03 PM Windows Batch File 2EKB
|| ThisWorkbook.cls 11/20/2019 5:03 PM CLS File 1KE
|| wariables.bas 8/27/2018 4:39 PM BAS File 1KE
B wiee.exe 8/27/2018 4:39 PM  Application 56 KB



Enable macros, 1/3

IRENA

FlexT:XX

1. Run flexTool.xIsm from

root folder

Default (C:) » FlexTool »

Mew folder
Mame Date modified Type Size
1. InputData 271272020 5:33 PM File folder
|| .gitattributes 11/20/2019 5:03 PM  GITATTRIBUTES File 1KB
|| .gitignore 11/20/2019 5:03 PM  GITIGMORE File 1KB
|| CHANGELOG.md 11/20/2019 5:03 PM - MD File TEB
B clp.exe 8/27/2018 4:39 PM  Application 22211 KB
2| ConvertSol.vbs 8/27/2018 4:39 PM VBScript Script File 1KB
| COPYIMG.LESSER.txt 11/20/2019 5:03 PM TXT File 8 KB
[ COPYIMG. et 11/20/2019 5:03 PM TXT File 35KB
[E| flexModel.mod 11/20/2019 5:03 PM  Mowvie Clip 160 KB
|ﬂ_ﬁ‘ flexToolxlsm 11/20/2019 5:04 PM  Microsoft Excel M... 738 KB
|%| glplk_4_61.dll 8/27/2018 4:39 PM Application extens... 1,792 KB
[ glpsol.exe 8/27/2018 4:39 PM  Application 544 KB
2| ImportRes.vbs 872772018 4:39 PM VBScript Script File 1KB
|H| paramMotWritten.dat 11/20/2019 5:03 PM DAT File 1KB
| README.txt 11/20/2019 5:03 PM TXT File 1KB
Result file explanations.xlsx 11/20/2019 5:03 PM Microsoft Excel W... 16 KB
|| SheetsForm.frm 11/20/2019 5:03 PM FRM File 16 KB
|| SheetsForm frx 11/20/2019 5:03 PM  FRX File 4 KB
|| showForm.bas 11/20/2019 5:03 PM BAS File 1KB
start_optimization.bat 11/20/2019 5:03 PM Windows Batch File 2KB
|| ThisWeorkbook.cls 11/20/2019 5:03 PM  CLS File 1KB
|| variables.bas 8/27/2018 4:39 PM BAS File 1KB
[ wiee.exe 8/27/2018 4:39 PM Application 56 KB



IRENA
Enable macros, 2/3 FlexT&3

2. Click "Yes" or "Enable Content"

Security Warning E

@ Do you want to make this file a Trusted Document?

This file is on a network location. Other users who have access to this network

lacation may be able to tamper with this file. I O I a

What's the risk?

D Do not ask me again for network files

F Format Falnter - —

[E=— —

Clipboard P Font P Alignment P
\') Security Warning  5ome active content has been disabled. Click for more details. Enable Content
Al - Fe
A B C D E F G H I



Enable macros, 3/3
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FlexT4X

In flexTool.xIsm

a

b)
C)
d)
€)

Click "File", then
"Options",

"Trust Center",

"Trust Center settings",

"Macro settings" and make sure
that "Trust access to the VBA
project object model" is checked

enter

*a% General options for working with Excel.
&

User Interface options

| Show Mini To

/| Enable Live P

ScreenTip style: | Show feature descriptions in ScreenTips =
When creating new workbooks

Jse s as the default Body Font -

Font size: u -

Default yiew for new sheets: | Normal View

Include this many sheets: | 1 -

Personalize your copy of Microsoft Office

Simo Rissanen

Start up options

s

t Excel to open by default: | Default Progn

Tell me if Microsaft Excel isn't the default progam for viewing and editing spread

Show the St this application starts

oK Cance

Formulas Data

Insert Page Layout

Calibri

Format Painter Ty "

poard [F] Font

~

Run Scenarios Options for the modellir

v Leave results file open afi
Import results v Import results after optin
¥ Create plots in the result:

Import summary ¥ Use parallel calculation (r

©

Info

New
master
Open
C = data = irena > test » fles_to_irena
Save
Protect Workbook
s &5 One or more sheets in this woribook hi
Protect changes to the data.
Workbook - .
Inspect Workbook
e Before publishing this file, be aware that it ¢
Check for Jea—
fssues~ Document properties, printer path, autl
Invisible objects
Macros, forms, or ActiveX controls
Content that people with disabilities ar
Options T Manage Workbook
o Q Checkin, check out, and recover unsaved ch
s Manage =) There are no unsaved changes.
Workbook -

Browser View Options
Pick what users can see when this workbook

Options

Excel Options
General
Formulas
Proofing
Save
Language
Advanced
Customize Ribbon
Quick Access Toolbar
Add-ins
Trust Center

Help keep your documents safe and your computer secure and healthy.

Security & more
Visit Office.com to leam more about protecting your privacy and security.
Microsoft Trustworthy Computing
Microsoft Excel Trust Center

The Trust Center contains security and privacy settings. These settings help keep your

computer secure. We recommend that you do not change these settings. Trust Cenger Settings...

oK Cancel

Macro Settings

Developer Macro Settings

2T,

OK Canced
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Run existing demo model, 1/4 FlexToS

1. Check from ‘InputData’ subfolder which files are included in the installation
package.
a) Template file is the default model and basis to create new models
b) Template_xxx are additional examples on how to model specific technologies

c) In addition, your installation package might contain other input data files (e.g., demo models or
input data for your own country)

. 22222222 TS
# Default (C:) » FlexTool » InputData

Mew folder
MName Date medified Type Size
|ﬂ_§ demoMadel-1.xlsm 11/20/201912:44 ...  Microsoft Excel M... 4,354 KB
ﬂ_ﬁ demoModel-2-2017 xlsm 11/20/201912:11 ...  Microsoft Excel M... 4162 KB
ﬂ_ﬁ demoModel-2-2030.xlsm 11/20/2019 2:47 PM Microsoft Excel M... 4162 KB
ﬂ_ﬁ template.xlsm 11/12/201911:06 ...  Microsoft Excel M... 3,605 KB
ﬂ_ﬁ template-EVs.xlsm 11/15/2019 4:21 PM Microsoft Excel M.. 3,161 KB

ﬂ_ﬁ template-5Storages.xlsm 11/15/2019 5:05 PM  Microsoft Excel M... 3,156 KB



Run existing demo model, 2/4
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FlexT4X

Iy B

2. Open flexTool.xIsm

| ¢ | D

LE] F L& | H Lo

Run Scenarios

a) Check from previous chapter that
macros are enabled from two

Import results

Import summary
only

places

Write time series
and Run Scenarios

3. Open ‘sensitivity scenarios’
sheet.

a) Click the first ‘active input files’
blue cell

b) Choose ‘template’ input file from
the pop-up window

c) open theinput file

SRIEI N CI I R A R ISR & S SIS IS

Options for the modelling process:

/|
A
v

fopon
Vovov

i
W

°
v

i
W

»
v

i
W

oo
AR

Sensitivity definitions
Settings and filters e
| [& Open . '

" Ji) | | « Default (C) » FlexTool » InputData - Search InputData
Mew folder = v Eil o

Li. Downloads * Name .

“Zl Recent Places e ——

templateads )
)} DATA SOpEET

53

YMSjatko (W - -

ﬁ . . EB template-17520 xlsm b
IRENA-flexibility- []

EB template-CSP xlsm

EB template-demandResponsexism

ﬁ template-EVs.axdsm

EB termnplate-heat.xlsm

EB template-storagexlsm

Organize »

Date modified Type

9/13/2019 10:06 AM  Microsoft]
9/11/2019 10:40 AM  Microsoft]
8/27/2018 4:40 PM Microsoft]
8/27/2018 4:40 PM Microsoft]
8/27/2018 4:40 PM Microsoft]
8/27/2018 4:40 PM Microsoft]
8/27/2018 4:40 PM Microsoft]
8/27/2018 4:40 PM Microsoft]
8/27/2018 4:40 PM Microsoft]

|\ HKI-DHC-malli st be
%% Dropbox

|| DATA varasto
|| BA2135 data libre

@ OneDrive - Tekn:

EB termnplate-transmission.xlsm

[l Libraries
Documents
Ji Music
[ Pictures

EE videos

. Computer ESPYM3
£, Default (C:)
g titomis (espfpl - 4 | I | 3

» | M5 Excel (*xls*) -

3cr T |

File name: templatexlsm

- Innuit filas rantaing diffarant anarms cucta
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Run existing demo model, 3/4 FlexTaal

4. Select active scenarios
a) Check that only ‘Base’ is selected
b) You can activate (list on left) or deactivate (list on right) scenarios with green arrows
c) The list of inactive scenarios can be long, model does not run them unless activated

d) You will later learn how to create your own scenarios

4a.




Run existing demo model, 4/4

IRENA

FlexTX3

5. Run demo model

a) Click ‘Write time series and Run
Scenarios’

b) Close the input file before
running the model. The
Flextool warns you if the input
file is open.

c) Wait and watch

d) FlexTool automatically imports
results file if the option is
selected

5a.

Run Scenarios

Import results

Import summary
only

[V I« BN R R ¥, B =S N R N R )

Write time series

and Run Scenarios

Active inpu
15 | template.xlsm

(=1 H

C D E F G

Options for the modelling process:

xave results file open after importing results

rort results after optimisation

cate plots in the results file

: parallel calculation (no. of threads in the settings sheet)

n in the background

" Inactive input files: Active scenarios:

<= Base <

BN CAWINDOWShsystem3\cmd.exe

Total number of =cenarios:
Scenarios started so fap:
': s not yet started:

currently ongoing:
failed:
already finished:




Introduction to results file

6. Summary of results

a)

b)

c)

d)

Shows most important results

Open ‘summary_D’ sheet from results file

Use the quick selection to find ‘summary_D’
sheet

Run input data files and scenarios are shown
at the top

Summary result types are list at left side

B

C D E F

(template

[F- R RS, R STV
| 1|

template

Invest

6.44 881379.7 uw
624 0 &
0.412 0.312
=] D
64418.14324 860.0364647 SUTmE"!'_I
0.018837643  0.019178082 node._plot
OPERATIONS \
genUnitGroup_elec
3.77308 5.93801 genUnitGroup_elec_plpt
genUnitGroup_csp
genUnitGroup_csp_pl
General results elec elec genUnitGroup_heat
VRE share (% of annual demand) 50.4 52.53 ﬂﬁ:’g""éﬁ?“p—heat—ﬁ t
| Loss of load (% of demand) 18.05 0.06378 units_elec_plot
Insufficient reserves (% of reserve emand) 0 [i] E::E—%t
Insufficient inertia (% of inertia derjand) ] 0 units_heat_plot
| R transfers_elec
b |Curtailment (% of VRE gen.) 4.263 0.0232 transfers_elec_plot
transfers_csp
transfers_heat
storageContent_elec
Flexibility issues elec elec storageContent_glec_plgt
to Content,

Loss of laad (max MW} 5 d 1518.62 266.676 torageContant rop_pl
Reserve inadequacy (max MW) . 0 0 storageContent_heat
- R - onlineUnit_slec
Insufficient inertia (TWs/a) 0 0 orlineUnit_elec_plot
Curtailment (max MW) 661.513 36.2827 inertialinit,_elec
— reservelnit_elec

Curtailment (TWh/a) 0.751842 0.00426613
Model leakage (Twh/a) -0.00492173 -0.000723485 arid e
Capacity inadequacy (max MW) 0 0 transfers
genUnit_s
52.7544 o genUnit_elec_plot
genUnit_csp
genUnit_csp_plot
elec elec genUnit_heat
-35.2083 -35.2083 genUnit_heat_plot
-0.0910943 -0.01095
6.35591 0.0224563
12.1592 15.0178
17.6383 18.3859 _
0.752994 0.729219 oo_sti:__t \
units_inves
-0.135782 -0.0324858 units_invest_plot
-1.4594 1.17352 transfers_invesy
) [Import (Twh) 0.01 0.01
. |Transfer losses (TWh) -0.0218506 -0.0871419
 |Costs elec elec
Cost operations 6 a_ 771.272 789.287
i monde [RA FHIDY n 11 2470
summary D | snmary I node | node_plot events genUnitGroup_elec genUnitGroup_elec_plot gen



Batch run - Dispatch and Investment

IRENA

FlexT4X

7.

It is easy to run many scenarios with FlexTool

a)
b)
c)

Select input fil

es

Select base and invest scenarios *

Click ‘Run Scenarios’ or ‘Write time series and Run Scenarios’ **

G =l & un s R

A B 70 c D E F G H
L} A4
m Options for the modelling process:
~ - v Leave results file open after importing results

Import results W Import results after optimisation

v Create plots in the results file

Import summary
only

v Use parallel calculation (no. of threads in the settings sheet)

[ Run in the background

Write time series
and Run Scenarios
= |

1ve input files: A ‘Inactiueinputﬁles: Metivesscanarios: Inactive scenarios:
template.xlsm <> Base <2
<-» template-transmission.xlsm Invest | <3 _I

<-» template-storage.xlsm <-> hydro-minuslSp

7a. e 7b. < e e

scenarios means 3x5 = 15 model runs)

FlexTool will run all combinations of selected input files and scenarios (e.g., 3 input files and 5
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