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License and development FlexTX2l

1. FlexTool license
o |RENA 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
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Presentation Notes
Press the publications on the slide to download
Material in Spanish at https://www.irena.org/publications/2018/Nov/Flexibilidad-del-Sistema-Electrico-Para-la-Transicion-Energetica

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
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Main files (1-3) FlexT3

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
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Main files: (1) User interface FlexTX3

1. flexTool.xIsm (MS Excel)

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

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

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

Run Scenarios

Import results

IRENA

Import summary

FlexTeXal

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 FlexT&3

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 .
g - £ § & . & p IRENA of the input
s =2 ] o = 3 2 ] = A\ .
3 E : &8 E g § 3 ¢ FlexTx3 data file
: E § 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 | ... (#) [



IRENA

Main files: (3) FlexTool results FlexT&X3

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 g 8 0018 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 |tS f| I e
| . E
5 [Time (s) 1.402 1.032 51 Be se 3 0% 5o
@ 11: E 3 ®nodeC g 2222 ®nodeC
7 |Total cost obj. function (M CUR) 69583.86596 2231.355963 2 T :;‘ 0.004 ::
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 n Y el |
— g L] 02— —
15 |Loss of load (% of demand) 19.6 0.3842 ;j 9 Sheah 2 L | "heata
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
3 Scenario: Scenarios
32
33
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Versions of the FlexTool FlexXTEX

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
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Steps to install IRENA FlexTool FlexT&8I

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


Presenter
Presentation Notes
Please follow these instruction point by point. Missing one point might mean that the next one does not work.

Note: It is very important to enable macros in the flexTool.xlsm.


IRENA

Create folders and copy files, 1/2 FlexT&EI

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

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

r Default (C:) » FlexTool »

sv  ncludeinlibrary *  Sharewith ¥ New folder

F

Name Date modified Type Size

< flexTool 11_30.zip 11/30/2017 304 PM  WinZip File 60,144 KB


Presenter
Presentation Notes
FlexTool can be installed to (almost?) any folder, but most of the testing has been while the model is in c:\flexTool

It is ok to have many versions of the FlexTool in the different folders, e.g. c:\flexTool and c:\flexTool-oldVersion. They do not interfering with each other.


Create folders and copy files, 2/2

IRENA

FlexTX

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


Presenter
Presentation Notes
The FlexTool will create new folders and files when used. The files in the install package are mandatory to have.


Enable macros, 1/3

IRENA

FlexTX

1.

Run flexTool.xlsm 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
m=] clp.exe 8/27/2018 4:39 PM  Application 2221 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
& flexModel.meod 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


Presenter
Presentation Notes
flexTool.xlsm is the main interface of the FlexTool and users will likely work most with this file.

It is very important to enable macros in the both places shown in this guide.


Enable macros, 2/3

IRENA

FlexTX

2. Click "Yes" or "Enable Content"

Security Warning

lacation may be able to tamper with this file.

What's the risk?

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

R =

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

D Do not ask me again for network files

JF rOrmat Fainter
Clipboard

Font

[E=— —

Alignment

\') Security Warning  5ome active content has been disabled. Click for more details.

Enable Content

Al

- |
l'l

Je

A



Enable macros, 3/3

IRENA

FlexTeXal

. In flexTool.xlsm

Click "File", then
'Options”,
"Trust Center",

"Trust Center settings

and make sure

Insert Page Layout

Calibri
Format Painter Ty

poard [F] Font

~

Run Scenarios

Import results

Formulas

Data

Options for the modellir
v Leave results file open afi

v Import results after optin

® QO O T
SN SN = N

'Macro settings"
that '

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

Trust Center

General options for working with Excel.

User Interface options

1 Show Mini Toolbar on selection @
1 Show Quick Analysis options on selection
V! Enable Live Preview'

ScreenTip style: | Show feature descriptions in ScreenTips -

When creating new workbooks

Use this as the default font: | Body Font -
Font size: i1~

Default view for new sheets: | Normal View -

Include this many sheets: 1 s

Personalize your copy of Microsoft Office
User name: Simo Rissanen
ays use these values regardless of sign in to Office.
ificflBackground: | Clouds M

Offigf Theme: Colorful ¥
Start up options
Choose the extensions you want Excel to open by default: | Default Programs..

Tell me if Microsoft Excel isn't the default progam for viewing and editing spreadsheets

Show the Start screen when this application starts

(o3 Cancel

Trust access to the VBA
project object model" is checked

¥ Create plots in the result:

(=R T, R STV

Import summary

v Use parallel calculation (r

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 learn 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 Ce

 Settings.

Cancel

Info

master
C:» data » irena » test » fles_to,_irena
Protect Workbook
» [E7! one or more sheets in this workbook hi
Protect changes to the data.
Workbook ~ —
O Inspect Workbook
Before publishing this file, be aware that it
Check for Jr—
fssues Document properties, printer path, aut!
Invisible objects
Macros, forms, or ActiveX controls
Content that people with disabilities ar
Account
Options Manage Workbook
o - Checkin, check out, and recover unsaved ch
9e ] There are no unsaved changes.
Workbook -

(1]

Options

Macro Settings

Developer Macro Settings

Browser View

Browser View Options
Pick what users can see when this workbook

Cance!
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Run existing demo model, 1/4 FlexTodl

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) Inaddition, 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


Presenter
Presentation Notes
Existing demo models are in the inputData subfolder

All new models should also be created in the inputData subfolder



Run existing demo model, 2/4

IRENA

FlexTX

Iy B

2. Open flexTool.xIsm

| ¢ | D

a)

Check from previous chapter that
macros are enabled from two
places

3. Open ‘sensitivity scenarios’
sheet.

a)

b)

Click the first ‘active input files’
blue cell

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

open the input file

SRIEI N CI I R IS R CISIEY & S SIS EIC IR I S

Run Scenarios

Import results

Import summary
only

Write time series
and Run Scenarios

Options for the modelling process:

/|
»
v

fopon
Vovov

i
W

0 B RO o K K
VOV VW v Vv

<

G O o e i
VoV oo v

i
W

oo
AR

Sensitivity definitions

Settings and filters

( | h‘-._. |
" i) | | « Default (C) » FlexTool » InputData - Search InputData

MNew folder

Organize »

Li. Downloads * Name
“Zl Recent Places e ——

templateads )
)} DATA SOpEeT

X
YMSjatk r D B
ﬁ ]REI‘::{I:(ihilil}r- EB template-17520 xlsm b .
EB template-CSP xlsm

-

Date modified Type

9/13/201910:06 AM  Microsoft]
9/11/2019 10:40 AM
8/27/2018 4:40 PM
8/27/2018 4:40 PM

|\ HKI-DHC-malli st be
— EB template-demandResponsexlsm 8/27/2018 440 PM  Microsof
* Dropbex ﬁ template-EVsadsm 8/27/2018 4:40 PM Microsof
— varasto H5 template-heatdsm 8/27/2018 440 PM  Microso

ﬁ g‘:?;i:a_t:::: = EB template-storage.xlsm 8/27/2018 4:40 PM Microsof the

EB template-transmission.xlsm 8/27/2018 440 PM  Microsof usir

es to

[l Libraries
Documents
Ji Music
[ Pictures

EE videos

. Computer ESPYM3
£, Default (C:)
% titomiS (\espfp0 ~ < |

File name: templatexlsm

- Inmuit filac rantaing diffarant anarms cucta


Presenter
Presentation Notes
See more info about the flexTool.xlsm file and its use from the side of ‘Sensitivity scenarios’ sheet and from ‘Getting Started’ sheet.
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Run existing demo model, 3/4 FlexToal

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.



Presenter
Presentation Notes
User needs to take care that input files and scenarios can be used together. FlexTool does not make these checks automatically. 
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Run existing demo model, 4/4 FlexToS!

5. Run demo model A : ¢ . E : G
1
a) C||Ck IW”te t|me Serles and Run 2 Run Scenarios Options for the modelling process:
Scenariosl 3 xave results file open after importing results
4
] ) 5 Import results rort results after optimisation
b) Close the input file before 6 e
running the mOdeI- The ; Import summary : parallel calculation (no. of threads in the settings sheet)
Flextool warns you if the input 9 B iz

file is open. 5a Write time series
. . and Run Scenarios
c) Wait and watch
14 |  Active iInputTiies: ‘Inactiveinputﬁles: Active scenarios:
d) FlexTool automatically imports 15 template.xlsm = Base =
results file if the option is
BN CAVWINDOWShsystem32cmd.exe
SeleCted Total number of scenarios:
- cenarios stawrted szo fawr:

not yet started:

currently ongoding:
failed:
already finished:



Presenter
Presentation Notes
Settings in this sheet are quick settings and detailed settings can be found from the ‘Settings and filters’ sheet


Most common error messages are listed in the ‘Getting Started’ sheet.
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Introduction to results file FlexTeX

A B C 0, E F G H

(template template

6. Summary of results

Invest

1

; | 6.44 881379.7 o §1
a) Shows most important results 5 7 —

? | 64418.14324  860.0364647 meéry_; =

8 | 0.018837643 0.019178082 node_plot |

9

OPERATIONS \

genUnitGroup_elec
3.77309 5.93801 genUnitGroup_elec_plbt
genUnitGroup_csp
genUnitGroup_csp_pl
elec elec genUnitGroup_heat

b) Open ‘summary_D’ sheet from results file

General results

VRE share (% of annual demand) 50.4 52.53 ﬂﬁ:’;‘";ﬁ?“p—heat—ﬁ t
| Loss of load (% of demand) 18.05 0.06378 units_elec_plot
| Insufficient reserves (% of reserve demand) 0 1] E::E_hcseit
. . . { ) Insufficient inertia (% of inertia derjand) ] 0 units_heat_plot
| R transfers_el
c) Use the quick selection to find ‘summary D cursiment (6or viEgen) o

transfers_csp

. transfers_heat
S h e et i 0 | storageContent_elec
21 |Flexibility issues ~N elec elec storageContent_elec_pigt
. to Content,
2 |Loss of load (max MW) D 1518.62 266.676 torageContant rop_pl
2B |Reserve inadequacy (max MW) . 1] 1] storageContent_heat
. - R - onlinelnit_elec
21 |Insufficient inertia (TWs/a) 0 0 orlineUnit_elec_plot
2% |Curtailment (max MW) 661.513 36.2827 iner tialinit,_elec
5 . reservelnit_elec
. . . 2§ |Curtailment (Twh/a) 0.751842 0.00426613
d) Runinput data files and scenarios are shown  #veetiesee o oows7s 0oo0msuss
28||Capacity inadequacy (max MW) 0 0 irangfgrsB b
genbnit_s M
52.7544 o genlnit_elec_plot
d € top gentnt cp
genUnit_csp_plot
elec elec genUnit_heat
-35.2083 -35.2083 genlnit_heat_plot
-0.0910943 -0.01095
6.35591 0.0224563
12.1592 15.0178
e) Summary result types are list at left side e :
0.752994 0.729219 costs_t
units_invest
-0.135782 -0.0324858 units_invest_plot
-1.4594 1.17352 transfers_invesy
40 |Import (TWh) 0.01 0.01
41 |Transfer losses (Twh) -0.0218506 -0.0871419
42 |
43 |Costs elec elec
44 |Cost operations a . 771.272 789.287
AC i monde [RA FHIDY n 11 2470
summary D | snmary I | node | node_plot events genUnitGroup_elec genUnitGroup_elec_plot gen



Presenter
Presentation Notes

See ‘Result file explanations.xlsx’ for much more info. You can find the file in the root folder.
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Batch run - Dispatch and Investment FlexT&

7. Itis easy to run many scenarios with FlexTool
a) Select input files
b) Select base and invest scenarios *
c) Click ‘Run Scenarios’ or “‘Write time series and Run Scenarios’ **

A B 7C « D E F G H

A ]

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

G =l & un s R

[ Run in the background

/cC.

Write time series
and Run Scenarios
= |

14 1ve input files: A ‘Inactiueinputﬁles: Aetivesscanarios: Inactive scenarios:
15 |{ template.xlsm <> Base <2

16 <-» template-transmission.xlsm Invest | <3 _I

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

40 ? zi RPN ¥ SESEE PRTREAE = R P JEIRNI | SR SR P
= [

FlexTool will run all combinations of selected input files and scenarios (e.g., 3 input files and 5
scenarios means 3x5 = 15 model runs)


Presenter
Presentation Notes
* In dispatch mode, the model uses the capacity that user gives the model. In invest run, model can optimise additional investments.

** Model solves faster if it does not have to write time series. This is needed only when input data is updated. If the input data is the same as in previous model run (as it is in this exercise), you can click faster ‘Run Scenarios’

You can change the number of scenarios that are run simultaneously from the ‘settings and filters’ of the flexTool. A good number max simultaneous runs is number of cores in laptop -2 or number of cores -1
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FlexTool methodology, main features and assumptions  FlexT&01

Selected assessment approach

Model output

How to define a FlexTool country-level model?
o Main assumptions and methods

° |nput data requirements

o @Grids, nodes, units, and timesteps

o User-given constraints

> Scenarios _ l"&-
Strengths and weaknesses of the tool ”AH%V| Q ||||||m,- \
»lg; ﬁna
- =/ e
Questions - - e
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Selected assessment approach FlexTX2l

Tier Approach Tools Comments

Tier 1 Expert comparison NREL System evaluation Tier 1 tools are very simplified

Visual comparison  GIVAR (IEA), Flexibility charts

Tier2 Ramp Evaluation  FASTZ2 (IEA), IRRE Calculates system dispatch and resulting ramps. No
capacity expansion or cost minimising capabilities
Operational InFLEXion Post-processing tool. Uses results from a separate dispatch
stochastics tool and historical variability and uncertainty to assess
potential flexibility shortfalls.
Flexibility check Flex Assessment, REFLEX Pre-optimisation tool that requires a separate planning and
for/within planning unit commitment model. Assesses within-hour flexibility
tool needs in the planning phase.
Tier 3 Reserve FESTIV Unit commitment, dispatch and reserve provision tool
evaluation focusing on relatively short time scales. Does not perform
capacity expansion, high level of expertise needed.
Planning and REFIlex (proprietary), Optimises future dispatch and/or portfolios (capacities,
operations RESOLVE (not for sale), storages, demand response, etc) while considering

IRENA FlexTool (free tool) operational constraints. RESOLVE and IRENA FlexTool can
perform least-cost capacity expansion planning.



Presenter
Presentation Notes
Simple tools only show potential problems
FlexTool: flexibility issues from wind and solar 
Using dispatch
Learn how to mitigate
Also investment

Longer presentation of different tool and tier levels at the methodology report of the FlexTool
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= FlexTool produces a large range of results: flexibility
indicators, unit dispatch, capacity expansion, costs, CO,
emissions, etc.

" |[nterpretation of model output can be better if the user
understands the main features and assumptions of the
model.
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Presentation Notes
- Understanding the model helps to understand the results


.

Model output, 2/2 FEFéxT(.xﬂ
Flexibility indicators Loss of load, reserve shortages, spillage, VRE curtailment
Unit dispatch Hourly dispatch of every unit

Transmission between nodes Hourly use of transmission lines

Costs OPEX: fuel costs, other O&M costs, CO2 costs, penalty

costs from inflexibilities
CAPEX: Generation capacity investments, transmission
line investments, storage investments

Marginal prices Hourly marginal price of electricity
Ramping information One-hour and four-hour ramps
Investments Invested amount, type, and costs for generation,

transmission, and storages
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Presentation Notes
Most important result categories
Operation, problems and costs
More output with more input

The actual results depend also on the details of the actual model instance. For an example, the FlexTool will print regional results if the model has subregions. Similarly, FlexTool will print results at 15 min intervals if the model is built with finer time steps.
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FlexTool country-level model instance, 1/2 FlexT&3!

= Important to understand differences between
= Model FlexTool, which is the same for all countries.

= Model instance, where country-specific information is added to input data files
and FlexTool Excel file (e.g., FlexTool Thailand).

= Easy to
= Share a model instance by copying only the input data

= Make a new scenario by adding an alternative parameter value

= Typo in input data can crash the model!!

" |[tis important to be careful when double checking the input data
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Presentation Notes
Generic FlexTool
Model instance
Mistakes in input can crash the model
Hard to find
Test often

We have added many automated checks to the input data file, but it’s never bullet-proof. User has to be careful when entering input data. And user needs to learn to fix the errors.


IRENA

FlexTool country-level model instance, 2/2 FlexT&xl

= Follow steps to build a country-level model instance:
* Download the model itself.

= Create input data files that represent the country-specific data in
FlexTool

= Add user-given parameters that limit the model behavior based on
laws, operations practices, etc. Required reserves, maximum VRE
share, etc.

" Add scenario data which are additional country-specific options,
that can be turned on and off. Dry and wet years, investment runs,
alternative runs with different capacity mixes, etc

Py

“t\\’“
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= Main features and assumptions are presented here, more details in
following sessions
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Presentation Notes
Full methodology report and summary methodology report published at https://www.irena.org/publications/2018/Nov/Power-system-flexibility-for-the-energy-transition

Spanish version of the methodology reports at https://www.irena.org/publications/2018/Nov/Flexibilidad-del-Sistema-Electrico-Para-la-Transicion-Energetica



Demand-supply balance, always

IRENA

FlexTeXal

* The most important assumption of FlexTool is demand
and supply must always match.

= User can change length of time steps (often 1 hour), but
user cannot go around the energy balance

= This leads to many different ‘what if’ situations

= What if there is too little production? Model produces ‘loss of load
energy’ to balance the demand and supply

= What if there is more wind and solar than demand? Model curtails part
of the VRE production or uses storages to store extra energy

= What if there is some flexibility issue, e.g., consumption at west,
production in east, and too little transmission capacity? Model has to
find a way to solve the situation, e.qg., to invest new transmission lines (if
investments are allowed) or produce ‘loss of load’ in west and
‘curtailments’ in east.

l!lll[!l‘!ll’l‘l[’l,[||[7lr'
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Presentation Notes
Energy balance
Time step
Too little production?
Too much wind?
Not enough transmission?


IRENA

Linear optimisation FlexTX

= FlexTool is a linear optimisation model

= Optimisation means, in this context, that the model minimises total system costs
= Model makes all choices between different options by minimising total annual costs

= However, model has to satisfy the energy balance and obey constraints (e.g., generation from a unit
plus reserve provision is less than the capacity of the unit)

= Model finds the least cost solution given the assumptions

= Linear means, in this context, that everything can change between 0% and 100%
= Linear models are very fast to solve
= This allows us to include a large range of features in to the model
= Linear models do not allow binary decisions (e.g., on/off)

= Users can still give constraints to a very large range of properties, e.g.,
= how fast units can ramp,

= what share of thermal units is required, etc
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Presentation Notes
Finds the smallest total cost possible
Given the input data
Constraints
Linear variables 
No binary 0/1
Approximations used


Investments are annualised to be able compare them to annual costs. User can decide the used interest rate and investment (economic) life time



.

IRENA
Input data reqwrements FlexTG&]
Group Main data types
Annual system data Electricity demand, imports, losses, and
(annual, each node) capacity margin
Electricity transmission data Transmission and interconnection capacities

(each node)

Generation capacity data Installed capacity, technical data of units, hydro
(each node) reservoir capacity

Time-series data Electricity demand, imports, hydro inflow, wind
(e.g., 8760 hourly values, each node) and solar generation

Fuel data Fuel prices and emission rates

(annual)
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Presentation Notes
Minimum set of data
Better data, more reliable results

The level of input data depends on the amount of details that user want to model. Table shows the minimum what is needed, but the amount of required data grows when features are added to the country model. For an example, regional model needs regional data. 


IRENA

Grids, nodes, units, and timesteps FlexTO0

" FlexTool has four basic building blocks
= Grid (g): One grid (g) for one product (e.g., electricity).

= Node (n): Each grid is localised to one or more nodes (n) (e.g., electricity
grid can be divided to three nodes - west, central, and east).

= Unit (u): Units (u) can produce, consume and store from a node in a grid
(e.g., power plant produces electricity to the west node of the electricity
grid). Units can also be used to convert energy between grids.

= Timestep (t): Timesteps (t) are an ordered series of timesteps (e.g., hours
in a year)

" Together these form an abstract version of the modelled energy
system (gnut-system)

" |n FlexTool, input data defines the gnut-system S

* The model itself is flexible and allows very different gnut-systems


Presenter
Presentation Notes
Input data driven
Flexible model instance
Grid, node, unit, timestep


The FlexTool is an input data driven model and the user has very much flexibilities when defining the actual model instance. 


IRENA
User-given parameters for the constraints FlexTool

= In most cases the users want to give additional constraints that the model has to respect

= Typical constraints are
= Minimum reserve capacity (MW at each timestep),
= Maximum non synchronous share (% of the total generating capacity at each timestep),
= Minimum inertia limit (MWs at each timestep),
= Max ramp up/down rates for units,
= Minimum up/down time of units,
= Maximum/minimum invest on certain technology
= Fixed generation of certain unit

= Parameters that control the constraints need to reflect reality
= Too loose constraints can give too optimistic (unrealistic) solutions

= Too strict constraints can lead to too limited (unrealistic) solutions 1. g L=

Y e
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Presentation Notes
Parameters cause constraints
…or add costs to the objective
realistic parameters!
Uncertainty ->  sensitivities (scenarios)

The chosen constraints should consider actual operation practices and what could be technically possible. Especially future year model runs could be defined more freely than base year model runs.

Each constraint is explained in detail in the methodology presentations and methodology report.
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IRENA
Example of nodes, units, and possible constraints FlexTON

Node A Unit_type: Coal
Demand- 1000MWWhR" Coal A: 50 MW Efficiency: 28%

ts_reserve: True Inv. Cost: 800 €/kW
Wind A: 10 MW

nodeGroup: Inertial
Inertia limit: 10 000 MWs

Node B : - :
Demand 1500 MWh~ Coal B: 90 MW unitGroup: min_wind

min invest: 200 MW
Wind B: 25 MW

nodeGroup: Reserve1
Dynamic reserve: True

Node C
Demand: 500 MWh Oil C: 60 MW

Wind C:12 MW
Unit_type: Wind
Efficiency: 100%
Inv. Cost: 1000 €/kW

Note: See slide comments for further explanations


Presenter
Presentation Notes
Terms and their uses in the FlexTool
nodeGroup is a user defined set of nodes in the model, e.g. all regions of one country, for an example west, central, and east. User can set specific constraints for only one node or all nodes at once. For an example, user could set 100 MW reserve demand for only to west region or to whole country as a sum of west, central and east.
Inertia limit is on contraint type requiring a certain amount of inertia in the system. Here it is defined for nodeGroup that includes all three nodes A, B and C. And user requires a minimum of 10 000 MWs of inertia.
Dynamic reserve is a reserve requirement that is calculated hourly based on online variable generation. For an example, user could define that wind power generation requires 5% of dynamic reserves (1000 MW wind generation requires 50 MW reserves, and 500 MW requires 25 MW). FlexTool calculates this hourly. Here user has defined this requirement for nodeGroup that includes all three nodes A, B and C. 

Demand is a sum of the annual electricity demand of each node.
ts_reserve is a FlexTool term for reserve demand time series, e.g. 100 MW at hour 1, 103 MW at hour 2, etc. Here ts_reserve = true for node A meaning that the reserve demand time series constraint is applied only to node A.
COAL A is a unique name of power generation units formulated as (unit_type + node name). In this case, that is a coal based generation unit in node A. This unit has added parameters such as capacity, here 50 MW.

Unit_type defines more generic details about different types (categories). For an example, here all coal units in all nodes share an efficiency of 28% and investment cost of 800 €/kW. And all wind units share an efficiency of 100% and investment cost of 1000 €/kW.
unitGroup is a method to define constraints for a set of units. For an example, the user has here defined that the model has to invest at least 200 MW to wind power in all nodes summed, for an example +50 MW in node A, +50 MW in node B, and +100 MW in node C. Or alternatively +400 MW to node B. Or any other combination where the sum is at least 200 MW.



IRENA

Dispatch and invest FlexTX3

FlexTool has two operation modes

= Dispatch: FlexTool optimises the operation of predefined capacity.
Dispatch mode is used to study e.g.,
= Flexibility issues in the current situation and existing capacity expansion plans.
= CO, reductions resulting from the capacity expansion plan.

= Invest: FlexTool can invest to new capacity to solve flexibility issues
or to reduce operation costs
= User limits the amount of allowed investments by defining maximum

investments for capacities and by adding modelling constraints, e.g.,
maximum non-synchronous share
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Presentation Notes
Dispatch
Invest
Invest + dispatch
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Perfect foresight FlexTX3

= FlexTool has a perfect foresight, because it solves the whole gnut-
system at one go.

= However, the solution is as good as the input data — garbage in, garbage
out

= Perfect foresight means that the model can use all information given to
model at every timestep

= F.g., if input data says that the autumn will be very dry and hydropower produces
only little, the model knows it already in the spring.

= Real life operations have a large number of uncertainties and forecast errors that
can be included in more complicated models

IT'S NoT A BVG
\T's A FEATUKY-

= However, FlexTool accounts a part of the uncertainty by dedicating a
share of the capacity as reserves
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Presentation Notes
Sees the whole time at once
Perfect foresight  Too good
Reserves mitigate uncertainty
User can check the ramping capability of the dispatch

User needs to understand the impacts of the approach and model different years, e.g. dry and wet years to get a more robust picture
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IRENA

Storages FlexTCXl

" [n FlexTool, storage units are special units that can store energy and
release it later.

" The basic uses, e.g., battery storages, are very simple to model with FlexTool

= More advanced case studies can have storage charging units that store energy in to
a storage grid and storage discharge units that convert stored energy back to the
default grid. This allows e.g., different input/output powers.

= Different modelling techniques allows many different kind of storages (e.g.,
batteries, pumped hydro, power-to-x, etc)

= Users can study how storages benefit the energy systems in a short and long term
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Presentation Notes
Simple version
More complicated with grid and nodes
Examples available

FlexTool comes with example input data files which demonstrate how to model storages.



IRENA

Sector coupling FlexTal

= FlexTool can model sector coupling in many different approaches, e.g.

= ‘Dummy EV charging’ where car owners just charge their cars and don’t care about
the grid

= ‘Smart EV charging’ where a certain share of EV owners can shift their charging
times by few hours depending on the grid situation

= ‘EVs as storages’ where a certain share of car owners allow their car batteries to be
used as balancing storages in the grid, often called V2G

= Possible to model just one of these cases or a mixture of all cases
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Presentation Notes
Heating, cooling, industry, transport
Important source of flexibility
E.g. sugar cane for peak loads
Tobacco curing for surplus power
3 EV examples

FlexTool comes with example input data files which demonstrate how to model these 3 approaches to EVs.

Different approaches are needed for each sector, e.g. combined heat and power for industry and district heating



IRENA

Scenarios FlexTo3!

= Allow user to
= Make quick small changes that do not change the baseline input data

= Run many variations and/or sensitivities easily

" Use them to
= Run sensitivity analysis, e.g., vary annual electricity demand +10%
= Make changes to parameters, e.g., changing amount of wind, solar, and storages
= Change operation mode of the model, e.g., dispatch and investment

= Study the impact of the parameters that control the constraints

= Are not designed to
= Change a large set of parameters (e.g., time series)

= Change the modelled year, e.g., 2017 and 2030 need separate input files
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Presentation Notes
Keep baseline
Run lot of them
Not time series
Not separate years (easily)


Scenarios are defined in the FlexTool.xslm in the sensitivity definitions sheet.


IRENA

Strengths and weaknesses FlexToX

Strengths
= Free, open source, and relatively simple to use

= Optimised full year dispatch runs at hourly or sub-hourly resolution

Highlights possible operational problems and costs arising from insufficient flexibility

= Capable for investment scenarios to study least cost solutions for flexibility issues and long-term
capacity expansion planning

= Capable for integrated modelling of storages, sector coupling, unit level constraints, etc

Weaknesses m —
= Linear model; cannot model binary decisions - ﬂ | ;

= Deterministic model; does not have forecast errors * /E @

= Simplified power transmission: transport model

= Simplified reserve modelling

* Apart from what is accounted for in the reserves
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Presentation Notes
Free and quite simple
Full year operational optimisation
Highlights flexibility issues
Investments too
Other energy sectors
No binary
No forecast errors
No power flows
Simple reserves
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IRENA

Designing a study with FlexTool FlexTX31

Example from case study with Thailand
1. Model design
o Grid
o Capacity expansion plan

o Other lessons from operation practices
o Status of flexibility enablers

2. Highlights from analysis
o Dispatch in 2036
o Flexibility in 2036
o Evaluating additional investments


Presenter
Presentation Notes
What decisions were made
Transmission
Expansion
What kind of results those assumptions gave

https://www.irena.org/publications/2019/May/Thailand-power-system-flexibility-assessment

IRENA

Grid FlexTeXal

1. Connections with neighboring countries _ | o
. Figure 3: Thailand’s transmission network
o Long-term contracts with hydro power operators in Laos

o Plans to expand hydro power in Laos and Myanmar

o QOtherwise weak connections

2. Internal grid ' / -~

VTITITT

o Long country with uneven demand and production
o Hydro power at north
o Bangkok consumes much more than produces

o However, not enough regional data available

3. Modelling decisions

o Model Thailand as one node (main thing to improve)

. Based on IEA
° Included contracted hydro power plants in Laos and asecon

Myanmar as a part of the Thailand model Disclaimer: Boundaries and names shown on this map do
not imply any official endorsement or acceptance by IRENA.
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Presentation Notes
Laos and Myanmar hydro included in the model
Long country, hydro North, demand South
Should have been more than one node, but lack of data



Capacity expansion plan

IRENA

FlexTeXal

1. Fast growth in electricity demand

Current capacity expansion plans

(“Reference”)

[e]

[e]

To meet demand by adding fossil fuel generation
capacity

Invest to relatively small share of wind and solar (5%
of annual demand at 2036)

Build several GW of pumped hydro capacity

In one hode model

No capacity adequacy issues expected (strong
capacity balance)

No ramping capacity issues expected (hydro
reservoirs + NGCCs),

No curtailments expected (low VRE share + hydro
reservoirs + pumped hydro)

but additional VRE capacity could be cheaper option
than new fossil based generation?

Figure 2: Expected evolution of Thailand’s
generation capacity mix, 2015-2036
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2036
Reference

2036
REmap

PV
Wind
Hl Hydro (pumped)
Hydro (reservoir)
B Waste
B Bio
MNatural gas
B Coal
Qil
< Peak demand

Note: “2036 Reference” refers to the expected capacity mix

based on existing plans and policies.
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Presentation Notes
Fast demand growth
“2036 reference” based mostly on fossil fuel
One node model: no adequacy, ramping or curtailments expected


In the simulations, generation adequacy issues might still be identified. This is because VRE sources do not have 100% firm capacity and hydro resources have limited energy; therefore, issues could appear if VRE production is low and the year of analysis is dry. However, the flexibility assessment also can be performed for specific cases where low rainfall or low wind might create adequacy challenges, and the tool is capable of addressing them by investing in a least-cost mix of technologies.


IRENA
Other lessons from operation practices FlexT&O

1. Thailand has peak electricity demand after the sunset
o Solar PV cannot contribute directly to peak power

o Storages needed = Thailand has decided to invest in reservoir hydro and pumped hydro

2. Hydro inflow variance between years can cause some issues

o The variations between years are not exceptionally large in Thailand, but dry years need to be simulated

3. Geographical dispersion of VRE cannot be analyzed with one node model

4. Strength of internal grid cannot be analyzed with one node model

5. Thailand had data in 30 minute intervals and the model was built with 30 minute time steps
to pay additional attention to ramp rates


Presenter
Presentation Notes
PV likes storage
Dry years should be considered
Needs more nodes
Ramping problems: 30 minute data better

The FlexTool can have any lenght of the timestep, 2 hours or 5 minutes. 
Shorter timesteps need better data
Increased amount of timesteps will make the calculations slower and increasing timestep amount without high resolution data makes little sense


IRENA

Status of flexibility enablers FlexToS

Flexibility enablers in Thailand’s power system

mm-

Interconnection capacity vs. average demand

Generator ramping capabilities ®

Matching of demand with VRE generation

Hydro inflow stability

Strength of internal grid N/A
Storage vs. annual demand

Geographical dispersion of VRE generation and N/A
demand

Minimum demand vs. VRE capacity )
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Presentation Notes
- Thailand has some flexibility, but can be improved

These flexibility enablers are defined in IRENA (2018b). “High” flexibility enabler values indicate very good conditions; “medium” levels indicate normal conditions; and “low” levels indicate significant challenges or poor conditions for increasing power system flexibility at present. Some are N/A (not applicable) because the system was modelled as a single node.


IRENA
Dispatch in 2036 FlexTX

Power generation (annual share) and hourly dispatch over a week in 2036 with the highest VRE
penetration: Reference and REmap scenarios

2036 Reference
2.13%

0 50
1.27% 2.79%
—

29.45%

PV

Wind
B Waste
[ Hydro

2036 REmap Gas
1.27% 4.24% B Bio
H Coal

B Hydro (pumped)
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Presentation Notes
Reference up
Remap below
High wind and solar week
Dispatch changes. Intermediate plants!


IRENA

Flexibility in 2036 Flex TN

Main flexibility indicators for Thailand’s power system in 2036 reference and REmap scenarios:
No flexibility issues identified

Curtailment 0 0 0 0
Loss of load 0 o) 0 0
Spillage 0 0 0 0
Reserves inadequacy 0 0 0 o)
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Presentation Notes
12% PV and wind -> no problems



Evaluating additional investments

IRENA

FlexTX

Additional investments to wind and solar power could save more than 2000 million USD per
year for Thailand, including investment costs.

140
120 —
100 —
80 — -l PV
Wind
O 60 B Hydro (pumped)
N . I Hydro (reservoir)
B Waste
40 M Bio
Natural gas
20 - — — [l Coal
B Oil
c N o
2036 REmap 2036 REmap

+ investments

Million USD

18 000
16 000
14 000
12 000
10 000
80 00
6 000
4 000
2000

Types of costs

[ Fixed annual
[ Investment
[ Operational

2036 REmap

2036 REmap
+ investments
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Investment scenario
Much more PV!
No operational problems
Would it be cheaper to have even more wind and PV? 
Yes, from 12% to 33% share (74% renewables)
Driven by assumptions!
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Operational experience FlexT&X]

= Experience on current situation is extremely valuable
= Many problems are already known

= Some solutions are already under construction

* Model details have to be designed to answer questions of interest



Presenter
Presentation Notes
Experience helps to express the problem correctly
Details needed for detailed questions



Preparing to create your own input data files

IRENA

FlexTeXal

o When preparing input data files,
modellers need to decide the
structure of the model (amount of
nodes, modelled technologies, etc)

> The amount of details affect needed
data. For example, multinode models
needs considerably more data than
single-node model.

o Table on right shows the data needed

for input data files
o All data for both base year and future year(s)

Table 9: summary of data needed for a FlexTool case study

systom dota oot sachnoe) |

Annual demand (GWh)
Annual imports (GWh)
Losses (GWh)

Capacity margin (MW or %)

Max. non-synchronous share (% of VRE generation + high-voltage direct current imports in

one mour)

needed
needed
if available

if available

optiona

octicty nansmission (sachnodey |

Interconnector capacity with other countries (MW)
Transmission capacity between nodes (MW)*

Max. investment in transmission - separate values for each couple of nodes

needed

needed

optiona

Data of generation capacity (each node) _

Existing capacity by fuel/technology (MW

Details of capacity by fuel (efficiency, O&M cost, etc.)
Generation by fuel/technology (GWh)

Hydro reservoir capacity (GWh)

Decided/planned investments 2015 -= 2030

Max. limit of certain investment

needed
if available
needed
needed
needed

optional

Time-series data (B 760 hourly values. each node)

Electricity demand (MW in each hour)
Hydro inflow (GWh)

Wind generation

Solar generation

Electricity imports (for the nodes with cross-border interconnection)

needed
needed
needed
needed

needed

Fuel cost

needed
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Demo model framework

IRENA

FlexTeXal

Demo models of an
imagined country to
demonstrate the most
important features of
IRENA FlexTool

o The basic structure is the
same for each demo
model

o Each demo model is
designed to have specific
flexibility issues

° Training participants are
instructed to assess and
solve these

Power
import

Mainland nodeGroup

*Shared synchronous area (max 80% non-synchronous), shared reserves (6%

of hourly demand)

 Additional node-level constraints: part of reserves in each node (3% of hourly
demand), max 90% non-synchronous in each node

nodeA “"west”
* Large demand

—

Transfer
link

nodeC ’east
coast”
* Medium demand

nodeB
’center”

—

Transfer
link

 Low demand

nodeD "Island”

 Stand-alone system
* Very low demand
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Presentation Notes
Two demo models
Both have same structure
Different challenges
Learn to solve
3-node main land and 1 node island
Could be separate models
Mainland: 
Reserve for all nodes (nodeGroup)
Smaller reserve for each node

The island system could be modelled in a separate model or as a part of national model as done here.

Good sides in this kind of integrated modelling is, that total results are easy to calculate and user needs to update only one input data file
However, this approach increases model running time 


.

IRENA
Model solve time FlexTal
° Increasing complexity quickly increases model
solving time
° 4 nodes

o Hydro storages

° |nvestment run

Number of modelled hours Invest
+ Dispatch

o Good flow in training requires very quick 24 (1 day) 1 sec 2 sec
solving times 72 (3 days) 2 sec 15 sec
o Thus, very few hours are modelled (4 week 168 (1 week) 5 sec 1.5 min

dispatch, 4 day invest)
672 (4 weeks) 20 sec
o |n practice, it is recommended to use shorter time

series for testing and longer or full year for actual
modelling

° In addition, some time goes to writing the
data and results


Presenter
Presentation Notes
Model slows with
More nodes
More units
Especially storages
Especially investments
Results processing takes time too

1 node models can be run much faster than, e.g. 4 node model in the example. 
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Presentation Notes
Everyone goes through the following slides individually and follows the instructions on their own laptop. Feel free to ask help and also other questions


Demo model 1

IRENA

FlexTeXal

Open
‘inputData\demoModel-
1.xlsm’

o Check “units” sheet

° Model has mostly fossil
fuel based generation,

o Some hydro power in
nodeB, wind power in
nodeC, and small shares
of PV and biomass in
most nodes.

Power
import

m\inland nodeGroup

of hourly demand)

nodeA "west” nodeB ’center”

* Large demand * Low demand

* Large coal unit — * Reservoir hydro

* Oil power Tr?nifer * Run-of-river hydro
in

» Small biomass unit » Backup oil

» Small share of PV

maII share of PV

*Shared synchronous area (max 80% non synchronous), shared reserves (6%

* Additional node-level constraints: part of reserves in each node (3% of hourly
demand), max 90% non-synchronous in each node

nodeC ”east
coast”

— « Medium demand
Tr?nifer - Large coal unit
in

» Gas power

» Backup oil

» Wind power

* Small share of PV

nodeD ”Island”

 Stand-alone system
* Very low demand

* Oil power
« Small biomass unit
« Small share of PV
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Presentation Notes
Units sheet
Mostly fossil
Some hydro (nodeB)
Some wind (nodeC)
Little PV and biomass
Nodes defined at gridNode sheet
nodeGroup sheet defines the “mainland”
Modelled unit types at unit_type sheet
Modelled fuels at fuel sheet
Units in each node defined at units sheet
Transfer links are on nodeNode sheet, import link at gridNode
ts_xxxx for time series
master sheet defines general settings for the model



IRENA

Demo model 1 FlexTOX

Try running the Base run of
the demo model 1 Flexibility enablers in the demo model 1

Cstesnethatitworis o
Flexibility enablers

Interconnection capacity vs. average demand

Generator ramping capabilities ®
Our initial assessment of the
flexibility enablers on the demo
model 1 is presented on right

Matching of demand with VRE generation
Hydro inflow stability
Strength of internal grid ®

Storage vs. annual demand O

Go through the following slides
to see if you agree or will have Geographical dispersion of VRE generation and ®

. . demand
different conclusions - ,
Minimum demand vs. VRE capacity ®


Presenter
Presentation Notes
Test that Demo model 1 works
Expected flexibility


IRENA

Quick check of flexibility issues FlexToo

o Import results from the Base run of demo o °
1 Update sheets window demohModel-1
model 1. 2 Base
20
> See instructions from day 1 presentation if needed 21 |General results elec
o Check General results and Flexibility issues from 22 VRE share % of annual demand) 5554
23 |Loss of load (% of annual demand) 2.368
Summary_D 24 | -=ramp up constrained (% of annual demand) 0
25 |Excess load (% of annual demand) 0
26 |Insufficient reserves (% of reserve demand) 0
> Notable loss of load, need to find out where and 27 [nsufficient inertia (% of inertia demand)
28 |Curtailment (% of VRE gen.) -6.66E-06
Why 29 | -»ramp down constrained (% of VRE gen.) 0
] ) ] 30 |Peak load (MW) 2101.55
» Very minor curtailments, not a real issue 31 peak netload (MW) 1946.3
32
» No other flexibility issues 33 Flexibility issues elec
34 |Loss of load (max MW) 255.475
35 Excess load (max MwW) 0
. . 36 Reserve inadequacy (max MW) 0
Some lines are explained next to the number. 37 | Insufficient inertia (Tws/a) 0
. . L. 38 |Curtailment {max MW) 0.000137541
Open result file explanations to see definition for 39 | Curtailment (TWh/a) 7.48E-08
40 Model leakage (TWh/a) 0
the rest 41 |Capacity inadequacy [max MwW) 0
42 |spill (TWh/a) 0




Loss of load, 1/2

IRENA

FlexTeXal

Checking total capacity balance to
find the reason for loss of load

> Possible to do prior to model, from
input data or results file

o Here checked from the results file
o Open results file of Base run

o Summary_D shows peak demand, capacity,
and generation (figures at right)

o Peak load is less than dispatchable
capacity. Peak net load even less.
Country level sum is ok, no problems
here.

o Problems must arise from certain
node or nodes

3000

2500

2000

1500

Capacity (MW)

1000

500

W ST _coal
B Hydro_ROR

Demo model 1, sum of all nodes

Capacity (MW)

MW Engine_gas
wind

m CC_oil
PV

Generation (TWh)

14

12

10

Energy (TWh)

m ST bio B Hydro_RES
© Peak demand


Presenter
Presentation Notes
Peak load of demo model 1 is 2092 MW (General results)
Peak net load of demo model 1 is 1933 MW (General results)
Total dispatchable capacity is 2115 MW (Unit type, capacity MW)



Loss of load, 2/2
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To check node level results

O

Open “node_plot” sheet from the results file
o The first figure shows that loss of load is from nodeA

o The second and third figure on the second row show that
nodeC transfers electricity to nodeA

The conclusion is there would be enough
generation capacity (previous slide) but it is not
where demand is and/or there is not enough
transmission capacity
Possible solutions:

° investing to transmission capacity,

° investing to generation capacity,

° investing to storages

Need to check benefits and costs of each option

Transfer in (TWh)
o o
o

1.8
1.6

[N
= N D

o o
N

o

0.45
0.4

0.35 A

o
W

Loss of load (TWh)
o
N

o
=

0.05 A

Load shedding

0.25 -

0.15 A

Base

Scenarios

Transfers to the node

Base

Scenarios

B nodeD
nodeC
nodeB

nodeA

Transfers out of the

H nodeD

nodeC
nodeB

nodeA

node

1.2 A

© o 9o
~ O
11

Transfer out (

o
[N)
]

o

Base

Scenarios

B nodeD
nodeC
nodeB

nodeA
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Comparing different investment options, 1/9 FlexT&o!

> We want to study how the loss of load issue could be fixed

> We want to study three different measures:

° |nvesting in transmission capacity
° |nvesting in generation capacity

° |nvesting in storages

° In addition, we want to compare these options and see if they would better
alone or together

o Fourth investment scenario: investing to all three groups


Presenter
Presentation Notes
For this demo model, available investments are defind in flexTool.xlsm in sensitivity definitions sheet. 

Scenarios in flexTool.xlsm are handy when you want to compare many different investment options or portfolios


IRENA

Comparing different investment options, 2/9 FlexT&

Open flexTool.xlsm g A :m.:’tm;
a) From ‘settings and filters’ sheet, set et O —
max number of parallel calculation = [t
3 (or number of cores -1) | E—— | @
b) Select demoModell and 5 scenarios > P =

1

as in figure

Active input files: 7 " Inactive input files: Active scenarios: Inactive scenarios:
<> template.xlsm Base <=
. { ° ° ° demoModel-1.xIsm <> <> Invest
c) Click ‘write time series and run b

<> demol_invest_genCap <->

) <-> template-transmission.xlsm demol_invest_storages <-»

mOdEI <> template-storage.xlsm demol_invest_all <=

= tamnlata Cuc viem -

d) Wait until result file opens Write time series

. . . and Run Scenarios C
o Sometimes the result file fails to open, and

does not show numbers. In this case, close the

B C\WINDOWS\system32\cmd.exe

Total number of scenarios:
Scenarios started so far:

file, go to folder results, and open the most Soenardos ot ver started:

Gcenarios currently ongoing:

Scenarios failed:

recent file. Scenarios already Finished:

Maximum number of cases ongoing



Presenter
Presentation Notes
For this demo model, available investments are defind in flexTool.xlsm in sensitivity definitions sheet. 

Scenarios in flexTool.xlsm are handy when you want to compare many different investment options or portfolios


Comparing different investment options, 3/9

IRENA

FlexTeXal

In results file
a) Open summary_D sheet

b) Check General results and
Flexibility issues tables

o Transfer invests removed loss of load

o @eneration capacity investments
removed loss of load

o Storage investments helped with loss
of load, but did not fully solve it

o All scenarios still have tiny amount of
curtailments, but the values are very
small and user should not be
concerned about those

A

B

C

D

E

F

Update sheets window

demoModel-1  demoModel-1

demoModel-1

demoModel-1

demoModel-1

2 Base demol_invest_transCap demol invest_genCap demol invest storages demol invest_all
20

21 |General results elec elec elec elec elec

22 |VRE share (% of annual demand) B.554 B8.554 13.49 B.554 13.74
23 |Loss of load (% of annual demand) 2.368 0 0 1.474 0
24 | -=ramp up constrained (% of annual demand) 0 0 0 o 0
25 |Excess load (% of annual demand) 0 0 0 1] 0
26 |Insufficient reserves (% of reserve demand) 0 0 0 o 0
27 |Insufficient inertia (% of inertia demand)

28 |Curtailment (% of VRE gen.) -6.66E-06 -6.66E-06 -4.15E-06 -6.66E-06 -6.21E-06
29 | -=ramp down constrained (% of VRE gen.) 0 3.07E-08 2.09E-08 o] 2.51E-08
30 Peak load (MW) 2101.55 2101.55 2101.55 2101.55 2101.55
31 Peak net load (MW) 1946.2 1946.3 1934.72 1946.3 1933.66
32

33 |Flexibility issues elec elec elec elec elec

34 |Loss of load (max MW) 255.475 0 0 221.823 0
35 |Excess load (max MW) 0 0 0 1] 0
36 Reserve inadequacy (max MW) 0 0 0 o 0
37 |Insufficient inertia (TWs/a) 0 0 0 o 0
38 Curtailment (max MW) 0.000137541 0.000137541 0.000618193 0.000137541 0.000737031
39 |Curtailment (Twh/a) -7.48E-08 -7.48E-08 -7.35E-08 -7.48E-08 -1.12E-07
40 |Model leakage (TwWh/a) 0 0 0 1] 0
41 |Capacity inadequacy (max MW) 0 0 0 o 0
42 |spill (TWh/a) 0 0 0 0 0




IRENA

Comparing different investment options, 4/9 FlexT&o!

In results file
a) Open summary_ D sheet
b) Check costs table

o Storage investment scenario has lower loss of load costs than base, but still significant
o Qther scenarios have zero costs from loss of load
o All investment scenarios have lower total sum than base

o Which has the lowest total costs?

A B C D E F

1 Update sheets window demoModel-1 demoModel-1 demoModel-1 demoModel-1 demoModel-1

Base demol invest transCap demol invest genCap demol invest storages demol invest all
56 |
57 |Costs elec elec elec elec elec
38 |Cost operations (M CUR) 609.876 574.333 487.883 617.898 473.78
59 |Cost investments (M CUR) 1] 4.86935 68.3158 1.10063 47.0795
80 | Fixed annual costs (M CUR) 101.251 101.251 126.477 103.606 112.337
61 |Cost loss of load (M CUR) 3110.96 o o 1537.44 ]
62 | Cost excess load (M CUR) 0 1] 1] 0 0
63 |Costcu rtailment (M CUR) -1.50E-06 -1.50E-06 -1.47E-06 -1.50E-06 -2.24E-06
64 |Cost of insufficient reserves (M CUR) 0 1] 1] 0 0
65 | Cost of insufficient inertia (M CUR) 0 1] 1] 0 0
66 |Cost of insufficient capacity (M CUR) 0 1] 1] 0 0



Presenter
Presentation Notes
Answer: invest_all with total costs of ~630 M USD
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Comparing different investment options, 5/9 FlexT&o!

In results file

a) Open summary_D sheet A B c D E F
1 Update sheets window |dem0|\.-'10de|-1 demoModel-1 demoModel-1 demoModel-1 demoModel-1
b) Check ca pacrty |nvestments from unlt }:28 Base demol_invest_transCap demol_invest_genCap demol_invest_storages demol_invest_all
type capacity (MW) table 79 |Unit type Capacity (MW)  Capacity (MW) Capacity (MW) Capacity (MW) Capacity (MW)
o ) 80 |ST coal 1000 1000 1200 1000 1000
c) Check tranmission investments from 81 |Engine_gas 300 300 352.884 300 400
. 82 |cc_oil 620 620 732.193 620 620
transfer Capacity (MW) table 83 /ST bio P P 105 as 105
84 |Hydro_RES 150 150 150 150 150
85 |Hydro_ROR 120 120 120 120 120
. ) ) 86 |wind 150.02 150.02 300.02 150.02 300.02
o Investments are highlighted at figures on 87 pv 60 60 260 60 260
88 battery 0.04 0.04 0.04 117.8 4.315

the right

o First three scenarios invest into only one of
the technology baskets (transmissions,

. . A B € D E F

CapaCltyl StoragES) as deflned 1 Update sheets window |dem0M0deI—1 demoModel-1 demoModel-1 demoModel-1 demoMadel-1

. 2 Base demol_invest_transCap demol_invest genCap demol_invest storages demol_invest_all
> The fourth one was able to invest to 110

H H 111|Transfer Capacity (MW)  Capacity (MW) Capacity (MW) Capacity (MW) Capacity (MW)
technologies from each basket and decided [ ™= o . o o P
to do that 113|nodeB - nodeA 150 439.925 150 150 474.512
114 |nodeB - nodeC 100 405.766 100 100 455.325
115|nodeC - nodeB 100 405.766 100 100 455.325

o Combination solution did not invest to
additional coal or oil capacity, but chose
additional gas, biomass, VRE, storages, and
transmission



Comparing different investment options, 6/9
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In results file

a)

Open genUnitGroup_elec_plot
sheet

o Check how the model dispatched the units

o Figures on the right show high demand
week (4 week) in base run and invest_all
run

° You can change the week from a scroll bar at
the top

> Notice that demand peak is after the sunset,
but PV is still profitable investment because
it allows lower oil consumption

o With PV, the model runs oil capacity to
provide the peak load when needed

o On the right, low and high demand weeks
from invest_all scenario

Base

2000

1800

1600

1400

1200

3 4

£ 1000
800
600
400

200

mmm Battery
m Excess load
Curtailed
PV
Wind
mmmm Hydro
mmmm Bio
[ Gas
m Oil
mmmm Coal
mmm Loss of load
Demand-+exp.-imp.

mmmm Battery
e Excess load
Curtailed
PV
Wind
mmmm Hydro
mmm Bio
o Gas
Ol
mmmm Coal
mm Loss of load
Demand+exp.-imp.
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Comparing different investment options, 7/9 FlexTol

In results file Invested capacity
250
a) Open units_invest_plot sheet
. . . oy e 2 150
o First figure shows invested capacities 5 0 .
2 100 ase
per nOde = I I m demol_invest_transCap
. . >0 ® demol_invest_genCap
o First figure on the second row shows o 1L 1 1l | g _ i _ demod invest.storages
the same figures for storage capacity AR AR TR R R IR A ALt
nodeA nodeB ) nodeC nodeD
elec
° Units
b) Open transfers_invest_plot
Invested capacity
sheet
o Figures show invested transfer capacity zzz
and shadow value of additional 2 250
. E. ase
investments 5 200 e
E 150 ® demol_invest_transCap
100 m demol_invest_genCap
demol_invest_storages
50
B demol_invest_all
° nodeB nodeC
nodeA nodeB
elec elec

Node-node
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Comparing different investment options, 8/9 FlexT&o!

In results file

a) Open units_invest_plot sheet

o

o

o

Shadow value is a model parameter that tells if additional investment on that technology would reduce total costs or not
If some technology has positive shadow value, investment would increase the overall costs (i.e., not profitable)

If some technology has negative shadow value, additional investments would decrease the total costs, but some constraint did
not allow additional investments

In demo model 1, the maximum allowed investments were predefined and storage scenario would have been cheaper if
model could have invested to larger storages.

Shadow value for additional capacity

500

_per_kwW
o
n
]
u
=
i |

-500

M Base

-1000

W demol_invest_transCap

-1500

invest_dual_CUR

demol_invest_genCap

demol_invest_storages

PV
PV
PV

wind
wind
wind

B demol_invest_all

ST _coal
ST_bio
battery

CC_ail
battery
CC ail
battery
CC_oail
battery

ST_bio

ST_coal

Engine_gas

-2000 ‘

CC_ail

PV

nodeA | nodeB | nodeC | nodeD

elec
Units
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Comparing different investment options, 9/9 FlexT&o!

Fuel costs

In results file

a) Open costs_plot sheet

o FlexTool calculates a large range of

M Base

W demol_invest_transCap

different costs and shows detailed = demo?1_invest_genCap
II' 1 emo invest_storages
results sz 22 =12z 22 demot_invest_storag
8' 5 E 8' H E T B demol_invest_all
o On right is a breakdown of fuel costs ) )
. . nodeB nodeC
and (annualised) investment costs clec
Units
o Results file shows also many other
. Investmen
categories estment costs
25
_20
g
; 15
g 10 M Base
E’ ® demol_invest_transCap
5
W demol_invest_genCap
0 T !I_U > >« Imlm PO P e IUI_ ! —Tol=T T aT= !I _!I; T demol_invest_storages
E. ;' EI =i % % é g‘; gl ;' . g % é "_oﬁ EDI ;' Hia fs: % ;' E' =i ;: % B demol_invest_all
7y i o 3 _:% _]gf o 3 & ::n o 3 i o 3
nodeA nodeB nodeC nodeD
elec

Units
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Assessing flexibility enablers, 1/4 FlexTl

1. Interconnection capacity (to other
countries)

[e]

With demoModel, we do not know the
capacity, but annual imported energy is less
than 3% of annual demand

See input data file (demoModel-1.xlIsm)
sheet gridNode

Flagged low, but more data needed in real
case studies

2. Generator ramping capabilities

(e]

(e]

No ramping issues identified

Flagged high here, but in a real case study,
do a full year run and consult the system
operator. There might be something you did
not capture with the existing model

See slide comments for discussion on
possible ramping constraint issues and
modelling approaches.

Flexibility enablers in the demo model 1

mm-

. Interconnection capacity vs. average demand
2. Generator ramping capabilities ®
3. Matching of demand with VRE generation
4. Hydro inflow stability
5. Strength of internal grid
6. Storage vs. annual demand

7. Geographical dispersion of VRE generation and
demand

8. Minimum demand vs. VRE capacity


Presenter
Presentation Notes
If ramping is a challenge in reality, it is important to study if it is caused by 
fast changes in net load and slow ramping units (-> use 5-15min time steps),
must-run units due to industry or hydro system (-> add must-run units to the input data),
Large units with relatively high minimum loads that cannot switch on/off as flexibly as required (very hard to capture with a linear model)
Something else (case-by-case modelled with the FlexTool)
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Assessing flexibility enablers, 2/4 FlexTl

3. Matching demand with VRE

o Peak demand after sunset, see dispatch
figures

o Annual time series of wind and solar does
not have large seasonal variability (input data
file, sheet ts_cf)

4. Hydro inflow stability

o Run of river hydro (Hydro_ROR) production
has large variance between seasons (input
data file, sheet ts_inflow)

o Reservoir hydro inflow more stabile between
the seasons

° No data about different years

Both flagged medium here, but in real case
study, more data needed. Could be also
low.

Flexibility enablers in the demo model 1

mm-

. Interconnection capacity vs. average demand
2. Generator ramping capabilities ®
3. Matching of demand with VRE generation
4. Hydro inflow stability
5. Strength of internal grid
6. Storage vs. annual demand

7. Geographical dispersion of VRE generation and
demand

8. Minimum demand vs. VRE capacity



IRENA

Assessing flexibility enablers, 3/4 FlexTo3!

5. Strength of internal grid

o NodeA has loss of load and nodeC has excess e ene .
capacity. Transmission lines do not have F|EXIbI|Ity enablers in the demo model 1

enough capacity.

> The current situation is that nodeA-nodeB is FIeXIbIIIty enablers mm-

150 MW, and nodeB-nodeC is 100MW
) ) . Interconnection capacity vs. average demand
o After investments, model increases the

capacity of both up to the level of 410-480 MW
o Flagged low

6. Storage vs. annual demand

o Check storage capacity from input data units

2. Generator ramping capabilities ®
3. Matching of demand with VRE generation

4. Hydro inflow stability
5
6

sheet . Strength of internal grid ®
o Check annual demand from input data S ld g

gridNode sheet . Storage vs. annual deman O
o Calculate the storage / total annual demand 7. Geographical dispersion of VRE generation and

(~1%) demand
o The Storage is 1000h FLH for that reservoir 8. Minimum demand vs. VRE Capacity

hydro unit, but small compared to annual

demand

o Flagged low



Assessing flexibility enablers, 4/4
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7.

Geographic dispersion of VRE
generation and demand

o Check node level demand from input data
gridNode sheet

Flexibility enablers in the demo model 1

o Check nodel level VRE generation from results F|elel|lty enablers mm-

file units_elec sheet, base run
NodeA — 53% of demand, 2% of VRE generation
NodeB — 17% of demand, 60% of VRE generation
NodeC — 27% of demand, 37% of VRE generation
NodeD — 3% of demand, 1% of VRE generation
o Flagged low, but could be medium because of
possible investments

Minimum demand vs. VRE capacity

o Check minimum net load (demand + exp —imp
— VRE) from results file from genUnit_elec
sheet (730 MW, no issues)

° Ininvest_all scenario, the minimum net load is
675 MW, no issues there either

. Interconnection capacity vs. average demand
2. Generator ramping capabilities
3. Matching of demand with VRE generation
4. Hydro inflow stability
5. Strength of internal grid
6. Storage vs. annual demand

7. Geographical dispersion of VRE generation and
demand

8. Minimum demand vs. VRE capacity



Selecting the modelled days for demoModel 1
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FlexTeXal

o

o

o

o

Selected representative time series were based on

o

o

Open file input/demoModel-1-select-weeks.xIsx

o

o

Selecting 4 weeks for dispatch and 4 days for invest

o

o

o

o

Quality check by comparing the duration curves of the
full year to selected time series (figures at right)

4 days is too small sample, but we will still use it to get faster

o

Net load (min and max)
Inflow (min and max)

The file is very slow to use,
Closing additional excel files speeds up things a bit

1 week/day with max net load
1 week/day with min net load
1 week/day with max inflow
1 week/day with min inflow

model run times

Net load duration curve

2000

1500

= 1000
=
500
0
T O = O O WO cd OO OO O OO O o
NN ~NOAaNLWL~NOAaNNILWLM~NOANILS~NOANILD~NOAN NSO W
M OO MmOVUONOUONLW ONL AN LW O W o < 0 - <
A AN AN AN OO N T T NDND N OO ONNINOO
Hours of the year
e F Ul yeQr e Dispatch e |nvest
Inflow duration curve
300
250 —
200
M
g 150
S 100

50

e U] year e Dispatch e |nvest


Presenter
Presentation Notes
Model slow with full time series
Representative time periods 
But how to select


The file is much more convenient to use if you turn formula calculation to manual: Excel -> formulas -> calculation options -> manual

The press ‘Calculate now’ or F9 when want to update cells and figures.

Remember to change back to automatic after finishing with this file.


>@® IRENA

Internafional Renewable Energy Agency

Running flexibility assessments with

demo models — Demo model 2

Back to contents



Presenter
Presentation Notes
Everyone goes through the following slides individually and follows the instructions on their own laptop. Feel free to ask help and also other questions


Demo model 2

IRENA

FlexTeXal

Open
inputData\demoModel-2-2017.xIsm
inputData\demoModel-2-2030.xIsm

o This demo model
demonstrates a case study
of assessing current
situation (2017) and
capacity expansion plan
(2030)

o |t has two files, one for
each year. See differences
in units sheet

> New investments for 2030
are natural gas plant to
nodeC, wind power to
nodeA and small shares of
PV to all nodes

No powse
import /,

m:inland nodeGroup

of hourly demand)

nodeA "west”

* Large demand

export

ow share of wind

Ml - Coal and oil power —
« Very low share of Transfer
PV link

*Shared synchronous area (max 80% non synchronous), shared reserves (6%

 Additional node-level constraints: part of reserves in each node (3% of hourly
demand), max 90% non-synchronous in each node

nodeB "center”

* Low demand
* Oil power

e Low share of PV
* Small pumped

hydro storage

coast”
¢ * Medium demand
Transfer s
link * Coal and oil power

~

nodeC ”east

* Medium share of wind
* Low share of PV

nodeD ”Island”

» Stand-alone system
* Very low demand

* Oil power

* Medium share of PV

* No wind, but possible
to invest to wind



Presenter
Presentation Notes
In demoModel-2 we defined the units and allowed investments in input data, 
see capacities, max invest (MW), and max invest (MWh) in units input data sheets
For 2017 file, the maximum allowed investment is 0
For 2030, the maximum allowed investments vary from technology to another
Transfer links and allowed transfer link invests are defined in nodeNode sheet

Unit group investments can be limited in unitGroups sheet, but we keep these cells empty for the demo model and they don’t constraint the investments.

Note: it is very important to have excatly same unitGroups and unit names in both 2017 and 2030. Otherwise result import breaks.


Note: in mathprog (the language of FlexTool) empty = zero



Selecting modelled days
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FlexTeXal

o Selecting representative time series based
on
o Net load (min and max)
> Net load nodeD (max)

o Criteria needs to be considered for each case
study and country separately

o Ramp rate constraints turned on in input
data
o Open master sheet in input data file.

o FlexTool models ramp rates only if use_ramps =
1.

MW

MW

2500
2000
1500
1000

500

80
70
60
50
40
30
20
10

Duration curves, net load, total

e [ Ul year

Dispatch e |nvest

Duration curvers, netload nodeD

\M

Hour of the year

338

675
1012
1349
1686
2023
2360
2697
3034
3371
3708
4045
4382
4719
5056
5393
5730
6067
6404
6741
7078
7415
7752
8089
8426

e FU|| y@Qr e Dispatch e |nvest



IRENA

Quick check of flexibility issues FlexToo

A B i

1 Update sheets window demoModel-2-2017 demoModel-2-2030
> Run base run of demo model 2 (choose both :
13
20 1 7 d 203 O 14 |General results elec elec
a n ) ] 15 |VRE share (% of annual demand) 4,981 B.988
16 |Loss of load (% of demand) [} 0
o See instructions from day 1 presentation if needed ) > ramp up constrained (% of demand) 0 0
nsufficient reserves (% of reserve demand) 0 0
or ene . 19 |Curtailment (% of VRE gen.) 0 0.007814
o Check General results, Flexibility issues, and costs from 20 | -> ramp down constrained (% of VRE gen.) 0 0
21 |Peak load (MW) 2071.46 2071.46
Summary D 22 |peak net load (MW) 2047.44 2027.24
- 23
24 |Flexibility issues elec elec
25 |Loss of load (max MW) 0 0
26 |Reserve inadequacy (max MW) 0 0
. °l: . 27 |Insufficient inertia (TWs/a) 1] [1]
> No flexibility issues found 28 [cutaimant (ot b ‘ sosas
29 |Curtailment (TWh/a) [} 9.23E-05
30 |Model leakage (TWh/a) 1] [1]
31 |Capacity inadequacy (max MW) 0 0
32 |Spill (TWh/a) ] o
o Only tiny amount of curtailments ’ :
1 Update sheets window demoModel-2-2017 demoModel-2-2030
2 Base Base
45
46 |Costs elec elec
47 |Cost operations (M CUR) 1259.05 984.279
48 |Cost investments (M CUR) 4] 0
49 |Fixed annual costs (M CUR) 113.7 128.5
50 |Cost loss of load (M CUR) 4] 0
51 |Cost curtailment (M CUR) 4] 0.00184587
52 |Cost of insufficient reserves (M CUR) 4] 0
53 |Cost of insufficient inertia (M CUR) 4] 0
54 |Cost of insufficient capacity (M CUR) 4] 0
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Digging deeper into flexibility, 1/3 Flex T

VRE curtailment

0.0001
o |dentify the source of curtailments Check e
node results (node_plot) 5 Sooo0e oo
T 0.00005 -
o Curtailments in nodeD T 0.00004 | nodec
3 0.00003 - nodeB
0.00002 nodeA
0.00001
o Check rampRoom_1h_elec_nodeX_ plot sheet 0
Scenarios
to study ramping capabilities of different nodes
o All nodes have enough ramping capability
Base --------- +upward 1h transfers

o NodeB at 2030 has limited downward ramping
capability within the node, but vary good ramping

+upward 1h VRE
Upward 1h non-VRE

E ------- JERRCTIIONN e e e e, Net load ramp
epeye . . 570 : Downward 1h non-VRE
capabilities when adding transfer connections g ~downward 1h VRE
= 70 |t -downward 1h transfers
) Www
©
o
]
(8]
a -430
£
S bt e e e
-930
B EE R EEREE R ERE:
N N on on on ononon - S S S S S S S <
R B B B B e T B B B B T B I I T B |


Presenter
Presentation Notes
Browse different weeks in the rampRoom plot by scrollbar at the top of the screen.

If it doesn’t work, check that you have excel setting formulas – calculation options - automatic


Digging deeper into flexibility, 2/3

IRENA

FlexTeXal

Open dispatch figures from sheet
genUnitGroup elec_plot

o The first week has the lowest demand,
third week has the highest net load

o Use scroll bar to change the week. If it
does not work, check that formula
calculation is automatic

o Minimum loads of coal and gas units
seem to be ok in the 2030 run

o If there are many small oil units, they
should be ok too

MW or MWh

MW or MWh

o
8

Demo-2-2017-Base
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Digging deeper into flexibility, 3/3 FlexT&G

Why does nodeD have curtailments?

(o]

See ‘genUnit_elec’ sheet

(o]

Find during which hours ‘nodeD’ has curtailments (1403-1406)

o

The reason is that during these hours, local non-synchronous share grows to 80% and the VRE generation
is curtailed

o

The maximum non-synchronous share is defined in the input data (‘gridNode’ sheet and ‘nodeGroups’
sheet)
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Predefined investment runs

IRENA

FlexTeXal

> Predefined investment runs allow users to easily try alternative investment plans

o Select following scenarios in flexTool.xIsm and run them with Base scenario

o Storages scenario adds 5 MW battery storages to nodeD (island node with minor curtailments)
o PV scenario forces FlexTool to invest to additional 100 MW of PV in nodeA, 50 MW of PV in nodeB, and 100

MW of PV in nodeC

o See flexTool.xIsm sensitivity definition sheet how these two scenarios are defined

demoModel-2-2030.xlsm

" Inactive input files:
<> template.xlsm
<
=-» demoModel-1.xlsm
<=
<> demoModel-2-2017.xlsm
<
<>
=-» template-EVs.xlsm
<-> template-Storages.xlsm
<
<

Active scenarios: Inactive sce

Base <=

<-> |Invest
<>

-> demol inv
-> demol inv
-» demol_inv
-> demol_inv
<>

demo2 storages <

demo2_PV <

<>


Presenter
Presentation Notes
Invested capacity (MW or MWh) means a predefined investment and it forces the model to do that. Invested capacity works in both in dispatch and in invest runs.

Max invest (MW or MWh) is an up-bound, not an instruction. Max Invest (MW or MWh) works only with invest mode.

Predefined investment runs work in dispatch mode, because those are user decided investments. 

In invest model, the FlexTool will optimise the investments. This will be the next topic.
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Quick check of results FlexTou

o Open ‘summary_D’ sheet from results file

o Check General results, Flexibility issues, and costs

o Did storage capacity help with the curtailments in ‘nodeD’?

o Which scenarios had the lowest costs?
> How much curtailments increased when the PV capacity increased from 300 MW to 550 MW?

o Answers in slide comments


Presenter
Presentation Notes
Answer
Storage investments did lower the amount of curtailed energy. The maximum curtailed MW decreased from 1.7 MW to 0.9 MW and from 9 MWh to 2 MWh. For total system, these are tiny changes, but they are more significant for the island system.
PV scenario has clearly the lowest costs. Saved fuel costs outweight the investment costs.
Battery scenario has slightly lower costs than the base scenario for 2030.
Additional PV did not change the amount of curtailments. There was no curtailments in the mainland and node D curtailments were the same as in base scenario.



IRENA
Free investment run FlexTEX

Select and run base and invest scenarios

> DemoModel-2-2030 is allowed to invest to transmission capacity, storages, and any kind
of capacity (excluding reservoir hydro)

o The prices are estimated 2030 prices which means lower wind, PV, and battery prices
than currently

o This kind of checks are useful when

o Wanting to check how model solves some flexibility issue

o Discussing about the long term planning

Active scenarios: Ina
Base

Invest

Active input files: ) " Inactive input files:

<> template.xlsm <>
=52

<> demoModel-1.xlsm

<-Z

&

=2 <> del
<-» demoModel-2-2017.xlsm <> del
demoModel-2-2030.xlsm < <> de
& <= det

<-> template-EVs.xlsm <>


Presenter
Presentation Notes
Maximum allowed investments are defined in the input data (unit sheet and nodeNode sheet  in the demoModel-2-2030.xlsm). 
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Checking results of free investment run, 1/7 FlexTos

o Check unit_type, capacity (MW) and S BN

1 | Update sheets |demoModel-2-2030 demoMeodel-2-2030
° 2 | Base Invest G I B 1 £ I
Tra N Sfe r’ Ca pa C |ty ( M W) fro m 65 | 1 | Update sheets |demoModel-2-2030 demoModel-2-2030
66 |Unit type Capacity (MW) Capacity (MW) 2 Base Invest
H 1 67 |ST_coal 600 600 735 |
Su mmary_D for Ca paCIty Com pa rlson 58:335__[:(: 300 300 gs:Transfer Capacity (MW) Capacity (MwW)
. 69 |gas_CT 100 300 97 |nodeA - nodeB 250 398.49
70 |CC_oil 1580 1580 98 |nodeB - nodehA 250 398.49
etween pase and Iinves ]
71 |wind 250 1319.89 99 nodeB - nodeC 200 616.891
72 |PV 300 391.362 100|nodeC - nodeB 200 616.891
73 |battery 5 5
74 | pumpHydro 10 87.992

o Check units_invest_plot to see the
specific nodes where units are invested Invested capacity

o Wind power in all allowed nodes

o Pumpued hydro storage in nodeB
o Additional PV to nodeA

M Base

. M Invest

PV

cC_ail
CC_ail
cC_ail
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IRENA
ispatch figures for high demand week (3') and low demand week (1%)

Checking results of free investment run, 2/7

_plot shows d

o genUnitGroup_elec
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Presentation Notes
One natural gas combined cycle unit and gas turbines units could be flexible enough to operate with modelled ramps and minimum loads, depending on their actual unit sizes

The minimum load of coal power plants seems too small in the invest scenario and would require more attention. Minimum load constraints would probably limit the investments to natural gas and VRE.

However, the result is quite clear that it is profitable to replace high cost oil with wind, solar, and natural gas. The actual amounts would require further studies.
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Checking results of free investment run, 3/7 FlexTo

VRE curtailment

o Check summary_D for flexibility issues in general 003
and node_plot for graphical version 0025

o Investment scenario has higher VRE share (9 % -> 34 %)

o
o
N

W nodeD

0.015
nodeC

Curtailed (TWh)

o This leads to some additional curtailments, but considerably nodes
lower total costs 0.005 | nodeA

0.01

Scenarios

> |nvestment scenario can have higher curtailments
than base scenario, because savings in fuel costs are i [—
larger than (annualised) investment costs + |
curtailment penalties

B Curtailments
PumpHydro
800 - H Battery

PV

600 -
Wind

Total cost (M CUR)

400 - B Hydro

Gas

200 - m Oil

H Coal

Base Invest B Transfer invest.
Scenarios
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Presentation Notes
Curtailment penalty is set to 10 €/MWh and can be changed from master sheet in input data file

Increasing curtailment penalty will lower the investments to VRE in this case
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Checking results of free investment run, 4/7 FlexTos

o Check units_invest_plot to see the specific nodes where units are invested

o Investment shadow value tells how additional investments to each capacity type would affect the
costs

o Gas and wind have negative shadow values, which means that additional investments to these
technologies would lower the total costs

o Their investments are limited by investment constraints in the input data

Shadow value for additional capacity

[uny
w
o

u _per_kw
-

u o

o o o

W Base

est_dual_CUR
w
o
i
I
|

2 -100

M Invest
-150

pumpHydro
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Presentation Notes
Positive shadow value means that additional investment to that unit_type would increase the total costs.

If the total amount of investments is not limited by user, The shadow value should be zero for units that the model chose

If the shadow value is negative, model would like to invest more on that technology but something is preventing, e.g. user set max invest limit.


B

IRENA
Removing max_investment limits to wind and gas FlexTON

Select and run following 3 scenarios
o WindGas scenario removes max_investment limits to wind power and gas turbines
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Presentation Notes
Maximum allowed investments are defined in the input data (unit sheet and nodeNode sheet  in the demoModel-2-2030.xlsm). 




Checking results of free investment run, 5/7

IRENA

FlexTeXal

o Check unit_type, capacity (MW)
and Transfer, capacity (MW) from
Summary_D to compare invest
capacity in scenarios

o Check units_invest plot to see the
specific nodes where units are
invested

(e]

(e]

Total amount of natural gas increased

Slightly more wind, but it was built mostly
to nodeA instead of nodeA + nodeD

Slightly lower amount of solar PV due to
increased amount of wind

Battery storages replaced pumped hydro
storages

All shadow prices positive (investments
not limited by user anymore)

A

B

C

D A

| Update sheets |demoModel-2-2( demoModel-2-2(demoModel-2-20 1

B

&

D

Update sheets

demoModel-2-2( demoModel-2-2( demoModel-2-203

65
66
67
68
69
70
71
72
73
74

Base Invest demo2_windGas 2 Base Invest demo2 windGas
5
Unit type Capacity (MW)  Capacity (MW) Capacity (MW) 36 |Transfer Capacity (MW) Capacity (MW} Capacity (MW)
5T coal 600 600 600 37 nodeA - nodeB 250 398.49 525.245
gas_CC 300 300 300 38 |nodeB - nodeA 250 398.49 525.245
gas CT 100 300 §54.002 39 |nodeB - nodeC 200 616.891 802.939
cC oil 1580 1580 1580 00|nodeC - nodeB 200 616.891 802.939
wind 250 1319.89 1375.85
PV 300 591.362 400.621
battery 5 5 39.049
pumpHydro 10 87.992 10
Invested capacity
1200
1000
= 800
E|
4 600
(Y]
g
= 400 W Base
200 - 1 I M Invest
demo2_windGas
0 — — | - — [ -
el 2 z z B, z £ 5, El 2 z z B, 2 2
g | IR i i ¥ RN
€
=]
o
nodeA nodeB ‘ nodeC ‘ nodeD




FlexTeXal
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ispatch figures for high demand week (3') and low demand week (1%)

6/7

iInvestment run,

Checking results of free

o genUnitGroup_elec_plot shows d
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Presentation Notes
Overall amount of coal+oil+gas is roughly equal in the scenarios -> additional gas was built to reduce the use of oil

Assumed wind power cf time serie provides better match with demand and curtailments are smaller when more wind investments are allowed to nodeA, compared to situation where there was more PV in nodeA

Still problems with coal power minimum load during low demand weeks -> linear model invests to too large amounts of new capacity
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Checking results of free investment run, 7/7 FlexT&O

The conclusion seems to be that

0]

Higher VRE share is cost-effective, allowing the power system to be flexible to operate
with higher VRE

0]

If possible, it would be better to position VRE capacity near the demand (nodeA in this
example)

0]

However, this was an example, additional modeling is needed to assess large VRE
shares.

0]

Additional natural gas capacity would also decrease the total costs by replacing oil
power

0]

In this topic, additional modelling needed about

o the acceptable minimum loads and annual running hours of the thermal capacity

o Possible required additional investments to natural gas grid (locations, if operating at full capacity or not, etc)



IRENA
Create your own scenario FlexTX3

As a last exerci se, create your own activeinpu iles: T Vinactiveinput iles: v e o

<> template.xlsm Base

scenario for demo model 2 and check R = [

demoModel-2-2030.xlsm <> <-> demol_invest_storages

how it affects the investment run =

<> template-EVs.xlsm
<> template-Storages.xlsm <-» demo2_storages
<-> demo2_PV

1. Open flexTool.xIsm and sensitivity e
scenario sheet

a) Add new scenario name to list of inactive . L e o e e ey w [l | & iulnlols lalelslily]

. Add empty row & % %‘ % < P
scenarios
2. Open sensitivity definition sheet PR IR AR AR IR R IR AR BH R
a) Add data to some input scenario definition . oo
table. L e
b) This example increases the annual demand of e
nodeA by 20% —
= Z -
.. . _ £ s
c) If you want to study a scenario in the invest __pdtemyrou_| : 28 & ¢
: . S £ B £ £
mode, you have to add also this to the first 2c - = T f B 3
27 Scenario definitions gridnode: sheet grid node nodeGroup nodeGroup? ¥ E ] 2 £

scenario definition table. Do not add this if 5

30 |[Res_No

print_durationRamp

print results

creating a dispatch scenario. 2 . - |
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Presentation Notes
User can create a very large range of different scenarios in FlexTool. 

See input data files for examples and ask if something is unclear.
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