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Energy and Flexibility
Modelling

Hands-on 2 (macOS)

Please use the following citation for:
e This exercise

Tan, N., Cannone, C., Kell, A., Howells, M. (2022, January). Hands-on 2 (macOS): Energy and
Flexibility Modelling. http://doi.org/10.5281/zen0d0.5920425

e clicSANDMac Software

Cannone, C., Tan, N., Kell, A., de Wet, N., Howells, M., Yeganyan, R. (2021). clicSANDMac
[computer software]. http://doi.org/10.5281/zenod0.5879056

e 0SeMOSYS Google Forum

Please sign up to the help Google forum here. If you are stuck, please ask questions here. If
you get ahead, please answer questions in the same forum. Please state that you are using
the ‘clicSAND’ Interface.

Learning outcomes

By the end of this exercise, you will be able to:

Create a new model in the SAND Interface

Learn the main functionalities of the SAND Interface
Define the duration of Timeslices

Add Year Split values

Check Depreciation Method and Discount Rate values
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Create a new model

After installing the software and downloading the files needed (as in Hands-on 1), you can
now create your first model in 0SeMOSYS using the interface named SAND. This is an
Excel-based (Macro-Enabled) file where you can input the data needed for 0SeMOSYS to
find the optimal solution to your problem. Let's learn how to save and manage your files.

1. Create a folder called “HO2" for this Hands-On 2.
2. Go to your ‘Applications’ folder and double-click on ‘clicSANDMac' to open the

software.

Applications

X Adobe Acr...eader DC

Dropbox ) Anaconda-Navigator

AirDrop & App Store
a Automator
# Books

) calculator
Applicati... @ calendar

Recents

Desktop

Documents #» Chess
M Cisco

&) clicSANDMac

Downloads

Coiitacts

iCloud Dri... & Dictionary
© Shared ¥ Dropbox c[icSANDMa§ ,
@ FaceTime Application - 55.9 MB
Find My Information
® Gray M Font Book
é GarageBand
Google Chrome
Sreen @ Grammarly Editor

Work B Macint B Applicatior

Important

3. This screen will show up. Click on ‘Export Templates’ and direct it to the HO2 folder
you created in Step 1.

[ ] clicSAND

Data Source (txt)

Model
¥ Ratio (CBC 005 &
Run Open Log Export Templates .
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4. This will automatically save a blank copy of four files:

Name

Dropbox
b £} CCG-SAND Interface v.12.xlsm

AirDrop R 05eMOSYS_code.txt
B Results Database.accdb
™ ResultsTemplate.xIsx

Recents

Desktop

File name Description Action to take

CCG-SAND Interface Excel Macro Enabled Rename the file to

v.12.xIsm Workbook SAND Interface HO2
0OSeMOSYS_code.txt | Text file. This is the Nothing. We do not need
code needed to run to change it

your models

Results Access database to Nothing. We will not use
Database.accdb store the results this file
obtained

ResultsTemplate.xIsm | Excel Macro Enabled Nothing. We will not use
Workbook this file

Tip: Every time you make substantial changes to your model, save it as a new version in the
correspondent folder. For example, if | want to test different options on my Hands-On 2
file, | will create a new file in the folder “HO2" called “SAND _Interface HO2 v2" and so on.

Repeat these steps for each Hands-On (New Hox folder -> Open clicSANDMac ->
Export Templates in the HOx folder)

Important: The files should not be saved or synced in One Drive for clicSAND to work

You now know how to manage your folders and files!
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Main functionalities of SAND Interface

The next step is to learn how to use the SAND Interface. Don’t worry, it looks more
complicated than it really is.

1. Open the renamed file SAND_Interface_HO2

Name

Dropbox
P B 0S=MOSYS_code.txt

AirDrop B Results Database.accdb
Pecants 2 ResultsTemplate.xlsx
T\ SAND_Interface_HO2.xlsm 17 June 2021 at 19:44 45.8 MB  Microso...(.xlsm)

Desktop

2. Apop-up will appear. Click on ‘Enable Macros'.

O

This workbook contains macros. Do you want to disable
macros before opening the file?

Macros may contain viruses that could be harmful to your computer. If
this file is from a trusted source, click Enable Macros. If you do not fully
trust the source, click Disable Macros.

Disable Macros

3. You will now see an Excel Workbook with four Sheets - Naming, SETS, Parameters,
and ToDataFile. The Sheets SETS, Parameters, and ToDataFile represent the core
of the Interface, and they are entirely interconnected to one another.

SETS

Core Sheets
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4. Go to SETS - this is the place where you can define the name of your Technologies
(in column B), Commodities (in column E) and Emissions (in column H).

Technologi Commodities Emissions

Code Description Code Code.

Tecooo | Additianal Technalogy camoo1 additional Fuel Emico2 Emission factor for C02

Tecoo1 | Additianal Technology comooz additional Fuel EMICHA Emission factor for methane
TEcoo2 | Additional Technology coMmooz additional Fuel EMIFGA Emission factor for Fluorinated gases
TECD03 | Additianal Technology COMOO4 additional Fusl EMINZO Emission factor for Nitrous Gxide
Teco0a. | Additianal Technology comoos addition sl Fsel EMIREN Emission factor for RET tangets
Tecoos | Addivional Technology comoos additional Fuel Region

TECO06 | Additianal Technology COMOOT additional Fisel REL |l\u:nn 1

TECOD7 | Additianal Technology COMOOE dditional Fuel ResultsPath “C:\..\res\csv" (change it before running)
Tecoos | Additicnal Technology comoos additional Fuel =CAUsers\Ce

TECo0s | Additional Technology coMo10 additional Fuel

TECO10 | Additianal Technology comoLL additional Fuel

Teco11 | Additicnal Technology como1z additional Fuel

Teco12 | Additional Technology como13 additional Fuel

These three columns are linked to the ‘ToDataFile’ Sheet that has the format
needed by the solver to find the optimal solution. Therefore, whenever you specify
the name of a Technology, Commodity, or Emission in these columns, it is
automatically reported in their respective cells in the ‘ToDataFile’ Sheet.

You have the freedom to change the names as many times as necessary without
losing the data previously added for that specific entry.

Important: Technologies, Commodities and Emissions codes in your model should
be named following the guidelines explained in Lecture 3.

3.1 Naming Convention

Sectors Commodities

Power: PWR Biomass: BIO Geothermal: GEO
Industry: IND Coal: COA Heat: HET

Residential: RES Natural gas: NGS Hydro: HYD

Transport: TRA Diesel: DSL Bagasse: BAG
Agriculture: AGR Fuel oil: HFO Kerosene: KER
Commerce: COM Uranium: URN Solar energy: SOL
Cooking Stoves: STV Waste: WAS Wind energy: WND
Mining/Extraction: MIN Charcoal: CHC Liquid petroleum gas: LNG
Transformation: UPS Crude Oil: CRU Other hydrocarbons: OHC
Imports: IMP

Electricity before transmission: ELC001
Electricity after transmission: ELC002

Climate Compatible Growth | 7
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5. Go to Parameters - this is a giant Sheet where you will be adding data for each
0SeMOSYS parameter. To make things easier and faster for you, there are filters at
the top of each column where you can filter for either Parameter (column A),
Technology (Column C), Commodities/Fuel (Column F). Columns K to BN is where
you can insert data from 2015 to 2070.

~ p—. - PrOvey - POv - PR - P - PR - PR - PP

a [ o 0 [ 2
AEL comooz a 0 0 o [ )
AEL comoas ) [l 0 0 [ )
AEL COM00E a [l 0 [ [ a
AEL comoas ) [ [l 0 [ )
REL COMOOS a o 0 [ [ a
[} comoa? a a 0 0 [ a
AEL comoos a [l ] 0 [ a
REL comooy ) (1 0 o o a
REL como10 a fl ] 0 [ a
AEL como ) [l 0 0 [ )
REL comoaz a 1 0 o [ [
((((( a o o o o a

AEL com0Ia a [ 0 0 o a
[T} cOMbS a (] [} [ [ []
AEL comoas a a ] 0 [ a
REL comor a (] 0 o [ a
AEL como1s a fl ] 0 [ a
R oo ° o ] o o 0
REL COM020 a 0 0 0 o a
AEL como21 a (] o o [ a
REL CoM022 a ] 0 ] [ a
REL comoa3 a (] [} [ [ a
REL comoaa a a 0 0 [ a
AEL comoas ) (] [} 0 [ )
AEL comoas a fl 0 o [ a
REL comoar ) [l 0 o [ )
AEL comozs a o ] 0 o 0
AEL coM23 a (] ] o [ a
AEL coMO30 a o 0 o o a
AEL com31 a (] o o [ a
AEL comoaz a o 0 0 [ a
REL comoas ) [l [} 0 [ )
AEL comozs a fl 0 o [ a
REL COM3S [) (] 0 0 o [)
AEL como3e a o o o o a
REL COM37 a (] 0 0 [ a
neL coMo3s a a ] [ [ a
a o o 0 [ a

a a 0 [ [ a

a (] [} 0 [ a

a o 0 o o a

) (] 0 0 o [

a o 0 o o a

a (1 0 0 [ a

a o ] u [ a

a a o 0 o a

a [l 0 o [ )

) [l 0 0 [ )

Parameters

6. In Parameters (Column A), filter for YearSplit. You will see that only data
associated with the parameter called YearSplit are shown. You can add as many
filters as you want. Play around with the filters and get confident with this
functionality!

Ascending Descending

By color: | None

Filter
By color

Equals YearSplit

Choose One
Q
1Ll TECTINUIVG YATITIUETAC
TotalTechnologyAnnualAc
TotalTechnologyModelPer
TotalTechnologyModelPer
TradeRoute
VariableCost
v YearSplit
(Blanks)
¥ Auto Apply
Clear Filter
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This is what you will see if you filter out for the Parameter Year Split:

ccoassscnse

scecccscocnsnasoslcaccalcclscecacacccnscacnsnasoslcasa
ecooccoococnsnalsoslcocoalccleceacaccaccncacoanasoslcasa

scscccscsceccasascacsssaesasacsasasaasn

Parameters

You see that from column K to column BN there are default values added. In this case,
it is 0. We will add data for YearSplit at the end of this Hands-On.

7. Go to ToDataFile - this Sheet has the format needed by the solver to find the
optimal solution to your problem.

[ c [ E F & H ] 3 L M [ P a [ s

st .

ission = e EacHa BaFEA [T [

REGION - RED

MODE_0F_GPIRATION =

FuEL = comoo1 comaoz comon3 compot comans comMoos compor comaos conos comoo comon1 comanz comala como1e comons conpis

sToRasE - .

TECHNOLOGY = TeCooa o0 ooz o003 Ticona Tecoos Ticoos. Ticoa? TEC008 Tecons 010 TECO11 Tco1z TEC013 TEco1e TEco1s
= 015 2018 2017 012 2015 2020 221 2022 2023 2024 25 038 2021 028 2029 030

TMESUCE = si01 s102 5108 si04 5105 5106 sier 5108 5100 s110 sil sin2 5113 s s15 5116

Parameters i

ResultsPath = -

RocumulatedAnnualDes defask a =

015 2016 17 2018 09 2020 2021 mz 1023 2024 2025 2026 w27 028 2029 030 2031 32

[ o ) o o ] ) 0 o o ] ] ] ) o ] o ]

[ ] a o [ ] o 0 o o a ] 0 a o 0 [ a

a o a o o ] o o o o a o o o o a [ a

[ ] a o [ ] o 7] ] 0 a ] ] ) o a [ a

[ o a o [ ] [ 0 o 0 a ] 0 0 ] a [ a

[ o a o [ o 3 ] o o [l ] ] ) o ] [ ]

[ 0 a o [ 0 o 0 o 0 a o ] ) ] 1 [ ]

[ o a o 0 ] o 0 o 0 ] ] 0 ) o o o o

o o a o o ] o o o o a o 0 a o o o a

[ o a o 0 ] o 0 o 0 a ] 0 a o a 0 a

[ o a o [ ] 3 ] o o a ] ] a o a [ a

[ o a o [ ] 3 7] o o a ] ] ) o a [ a

[ o ) o [ ] v 0 o o o ] 0 ) o ] [ o

[ o ) o [ ] o 0 o o ] ] ] ) o ] [ ]

[ o a o [ ] [ 0 o o ] o 0 a o 0 [ o

a o a o o ] o o o o a o 0 o o a o a

[ o a o [ ] o 0 o 0 a o ] o o a [ a

[ o a o [ [l o 0 o o a ] ] o o a [ a

[ ] a o [ ] 3 7] o o a ] ] ) o fl [ a

[ o a o [ ] o 0 o 0 a ] 0 ) o 1l [ a

[ o ) o [ ] o 0 o o ] ] 0 ) o Il [ 1

o o a o o ] o 0 o o ] o 0 ) o o o o

o o a o 0 ] 0 0 o 0 o 0 0 o o o 0 o

[ ] a o u ] 3 ] o o a ] ] a o a u a

[ o a o [ ] [ 0 o 0 a ] ] ) o a [ a

[ o a o o ] o ] o o ] ] ] ) o [l [ ]

[ o ) o [ 0 o 0 o o a o ] ) o 1 [ a

o o a o o ] o 0 o 0 a © 0 a o o o o

o o a o o ] o o o o a o 0 o o o o o

[ o a o [ ] o 0 o 0 a ] ] a o ] [ a

[ o a o [ 0 ] ] o o a ] ] a 0 a [ a

ToDataFile +
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Important: never add data to this ToDataFile Sheet - data should only be added to the
Parameters and SETS sheets. The interface is made up in a way that all the entries will
be automatically read by the ToDataFile sheet.

8. Go to Naming - here you will find the description of the parameters used in SAND
Interface. Note that we are not going to use all the parameters listed here.

Welcome to the OSeMOSYS' documentation!

oSeMosY s

Define the duration of time slices

To carry out a modelling exercise with OSeMOSYS, it is necessary to assign values to the set
called Timeslices, which represents periods of the year with a similar demand. In this
model, the year was initially divided into 4 timeslices representing two periods of 6 months
(two representative seasons), each of which has similar demand. This was then further sub-
divided into day and night periods, called: Summer Day (SD), Summer Night (SN), Winter
Day (WD), Winter Night (WN).

However, in the SAND Interface it is possible to define up to 96 timeslices, so these initial
data were manipulated to obtain a 24-hour representation of a reference day for each of
SD, SN, WD, and WN (24 hours each * 4 = 96 timeslices). Therefore, each year is divided into
96 periods instead of the previous 4.
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It was assumed each season has an equal length, with an average hourly split per season
(24hr representative), therefore obtaining:

4 Seasons/year * 24hr of a representative day/season = 96 Timeslices/Year

Each Timeslice represents an equal fraction of the Year in the following way, defined as the
Year Split:

1Year /96 Timeslices = 0.0104
Therefore, you should add this number to the Year Split column for each year.

Tip: To help you deal with all the data, there is a Data Preparation Spreadsheet that will
allow you to copy-paste the data in a faster way.

Add Year Split values

After defining the duration of each time slice and calculating the Year Split profile we need
to add these values in the SAND Interface.

1. Go to the Parameters Sheet and filter for YearSplit (in Column A).

2. Click on this link to open the Data Preparation Spreadsheet.

3. Atthe bottom of the webpage, you will see a tab called ‘Files'. Click on Download
beside Data_Prep_HO2.xlIsx

& 'OpenAIRE

Energy and FleXibility Publication date:
M Od e | I i ng D‘J::nuary 30, 2022

Hands-on 2 (macOS) License (for files):

2 Creative Commons Attribution 4.0 International

Please use the following citation for:

* This exercise

Name Size
Data_prep_HO2.xlsx 15.5kB

OS.pdf 20MB ® Preview | & Download

Versions

on3

Cite all versions? You can cite all versions by using the DOI
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4. Open Data_Prep_HO2.xlIsx once downloaded. You will see this Excel Workbook.
Copy the data in Column C of the Data Preparation File (click on cell C2 and press
on the command key (38) + shift + down arrow).

Vear Spit

s210
s
samz

[3) YearSpiit & Prafiles

5. Paste these values to Column K of SAND interface, corresponding to the year 2015.
IMPORTANT: right click on Cell K48662 and go to ‘Paste Special’, then ‘Values'.

Cut

= it 2018
o s B s e
Paste aswe opecial

Formulas Smart Lookup...
Formulas & Number Formatting Thesaurus...
Keep Source Formatting
No Borders
Keep Source Column Widths Insert
Transpose Delete

Select

Clear Contents.

Values
wws o Number Formatting
Values & Source Formatting Sort
Filter
Table

Formatting
Paste Link

Paste Picture New Comment
Paste Picture Link New Note

Paste Special... Format Cells...
Pick From Drop-down List...
Hyperlink...

Take Photo

Scan Documents

Add Sketch
Parameters

IMPORTANT: Unfortunately, you cannot copy-paste all the data in one go. This is
because when filters are applied, Excel will not copy-paste the data into the correct
rows of the spreadsheet if multiple lines are copy-pasted at the same time.
Therefore, if you select all the data at once, instead of line-by-line or data in
consecutive rows, you will add data for completely wrong parameters and the
model will not work.
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To help you with this task, check the blue cells in the Data Preparation file that
highlight the data you need to change every time.

00108187
00108187
00104167

00104167

00104167
00108167
00104167
00100167
00108167
00108187

Parameters

6. Go to Cell K48662; press on the command key (38) + shift + down arrow to select
only the data in column K. Navigate to the bottom right corner of the selected data
until you see a '+ symbol. Now press and drag to the right to copy the data until
column BK (year 2070).

cscecscscsce
{4

ccecscececscscoce

00104167
00164167
00104167

scescsse

cececececececececececscecscececececscecscedd
cscscscscscscccscscscssssssscasscscscassss
5800000000000 000000000000000000000000B0000 ¢

cse

67
00104167,

Parameters +

You have now added the Year Split values for all 96 time slices available in the SAND
Interface for every model year from 2015-2070.
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ODI0ATE7 DDI04IET ODINIET ODIDAIET OOIG4IE7 ODIOAIET
5102 6104167 GO10416T 00104167 00104167 0014167 0104167 D0:

s103 COW04167 DOI04167 ODLMIET ODID4IET OOIG41ET ODINA1E D00

si01 0104167 DOI4IET ODIN4IET| DDIDAIET| 0014167 OOINAIET | DO
Vearsplt 5108 0U1A167 DOI04167 ODINAIGT ODIDA1GT 00104167 0104167 D00
vesrsain 5106 0104167 DOI04167 ODLMIET DDID4IET OOI4IE7 OOI04167 DO
Veuripin 5107 0104167 ©0104167 00104167 0DI04167 00104167 00104167 000
vearspi s108 00104167 DO104167 ODLI41ET| ODID4I6T| 0014167 0DL04167 D0
Vearsaln 5109 COI04167 DOI416T DDIMIET ODIDAIET OOICAIET ODIOA1ET DD
vearspl s110 0E1A167 BO104167 ODINAIET | DDIDA1ET| 00104167 OD10467 D00
Vearsali s1 0OW04167 DOI041ET DDUMIET ODID41ET OOI4IET ODIOA1ET DO
vesrsain s112 GEI0A167 | BOI04IG7 ODI04167 | ODI04167 00104167 DDIG4167| DO
vearsplr 3 0104167 DOI04167 ODINAIET ODID4IET OOIG41E7 010416 D00
vesrspin s 00104167 DOI0HIET DDINAIET| ODIDAIET OOI4IET QDIOAE7 | DD:
vearspln 5115 0104167 ©O104167 0DIB416T 0DID416T 0010167 0104167 000
vearsplr su6 0D104167 DOI041ET DDUMIET ODID4IET ODIGIE7 DDINA1E7 | DO
vewrsaln 5117 GEI04167 GOI0416T ODIA16T 0DI0AIET OOI4IET 0104167 00
vearSpl s1s 0D104167 DO104167 DDINIET| ODID41ET 00104167 DD10467 DO0
vearspin 59 0467 DOI04IET ODIMIET DDIDAIET OOIG4IET ODINAIET DO
Vesrspl 5120 0r1A167 | BO104167 ODINA167 | ODIDA167| 00104167 0104167 D00
vearsai siz1 0104167 DOI04167 ODLMIET DDID4IET OOI4IE7 01N D00
VesrSaln 5122 CEA0AIGT BOI04167 DDIBAIET ODIDAIET ODIIET DB104167 00
vearsplr s123 00104167 GO104167 ODLO4IET ODI04167 0014167 OD104167 0.0
Vearsal 12 0104167 DOI041ET DDIMIET ODIDAIET OOIALET OOI041E7 DD
Venrsal 01 GEI04167 GOI0416T ODIGA1ET ODIDA1ET 00104167 ODIGA16I DO
Vearsali 202 0104167 DOI04167 DDLMIET DDID41ET OOIC4IET OOI041E7 | DO
vesrsain 203 CEI0A167 DOI04IE7 ODIOA167 ODIOAI6T 00104167 CEIGAIG7 DO
vearspl 5200 0104167 DO104167 ODINAIET | ODID4IET| OOIG41E7 0104167 D00
vesrspin 05 0DI0A1G7 DDIOHIET ODINAIET ODIDAIET OOIAIET 0DIOAIET DD
veursaln 5206 0104167 BO104167 0DIB4167 | ODI04167) 00104167 00104167 00:
vearspl 207 D141 DOI04IET DDIMIET ODIDAIET ODIGIE7 DDINA1EY OO0
vearsaln 508 0104167 OO104167 DDIAIET | 0DIDAIET 0014167 OOINAIET DD
Venrspl 209 0D104167 DO104167 ODINAIGT DDID41GT 00104167 OD104167 OO0
vearsain 210 0104167 DOI04IET ODLMIET DDID4IET OOIG4IET OOIOAE7 DO
VescSpi st U167 DO104167 ODINA16T ODI0A16T 00104167 0EI0AI6Z D00
vearspi s212 0104167 DO104167 ODLNIET | DDID4IET| OOI41E7 0104167 D00
VesrSaln 213 0104167 BO104167 0DI04167 ODIDAIET ODIIET DBI04167 DD
[ sa1s 60104167 GO104167 00104167 00104167 00104167 00104167 0.0
Vearspl 215 0D104167 DDI04167 DDIMIET ODIDAIET ODIAIET DDI041ET DD
[ Q16 GEINA167 | BOI0416T ODIGA167| ODI04167) 00104167 DDIG4167 DO
[ 17 CO104167 DOI04167 ODIMIET DDID4IET OOIC41ET ODIOA1EZ DO
versain 218 0104167 DOI04167 ODIN4167| DDIDAIET 0014167 OOINAGT DO

00104167 ©.O104167

00104167 00104167 00104167 05104167

Parameters

Check Depreciation Method and
Discount Rate values

We will leave default values for Depreciation Method and Discount Rate. In the future, you
are free to change them following these steps.

1. Go to the Parameters Sheet. In Column A, filter for ‘Depreciation Method’ and
‘Discount Rate’. You will see the following. Do not change these numbers, we will
use these defaults values.

E zl E EI E EI E n Time indipendent wariabl

DepreciationMethod REL
DiscountRate REL

The Depreciation Method will have a value of 1 and the Discount Rate of 0.1 (10%
discount rate). These are time independent variables; you will therefore see their
value in Column J. When a variable is time dependent instead, no values will be in
Column J and there will be a value for each of the modelling years (Column K to
Column BN).
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Name Description

Duration of a modelled time slice, expressed as a fraction of the year.

Y li
earsplit The sum of each entry over one modelled year should equal 1.

Region specific value for the discount rate, expressed in decimals

DiscountRate (e.g. 0.1)

Binary parameter defining the type of depreciation to be applied. It
has value 1 for sinking fund depreciation, value 2 for straight-line
depreciation.

DepreciationMet
hod

2. Save your SAND_Interface_HO2 file. We will continue with file in Hands-On 3.
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