Energy and Flexibility

Modelling

Hands-on 2

Please use the following citation for:
¢ This exercise

Cannone, Carla, Allington, Lucy, & Howells, Mark. (2021, March). Hands-on 1: Energy and
Flexibility Modelling (Version 1.0.). Zenodo. https://zenodo.org/deposit/4605257

e clicSAND Software

Cannone, C, Allington, L, De Wet, N., Shivakumar, A., Goyns, P., Valderrama, C., Howells, M.
(2021). clicSAND [computer software]. http://doi.org/10.5281/zenodo.4593100

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 SAND Interface

Learn the main functionalities of SAND Interface
Define the duration of Time slices

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 for Hands-on 1) you are
ready to create your first model in OSeMOSYS using the interface called SAND. This is an Excel-
based (Macro-Enabled) file where you can input the data needed for OSeMOSYS to find the
optimal solution to your problem. Let's learn how to save and manage your files.

Try it:

1. We will start by creating a folder called "HO2" for this Hands-on 2.
2. Then open the clickSAND folder -> double click on the ModelRunner.

ThisPC > OS(C:) > Program Files > clicSAND

clicSAND clicSAND.exe.config clicSAND.pdb

System.|0.Packaging.dil System.I0.Packaging

3. Click on "Export Templates” (in orange) to the HO2 folder in you created.

a5l ModelRunner

Data Source (xs) “ |

Model [ | =

Ratio (CBC)  [0.05 |3

Run COpen Log Export Templates

This will automatically save a blank copy of:

a. SAND Interface (Excel Macro Enabled Workbook)
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b. Results Database (Access database to store the results obtained)
c. Results Template (Excel Macro Enabled Workbook)
d. 0OSeMOSYS_code Hands-on (Text file)

Please rename these files as:

SAND Interface HO2

Results_ Database HO?2

Results_Template_HO2

The code will be the same for all the exercise so there is no need to rename it

o0 T

Watch out: 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 in my Hands-on 2 file, |
will create a new file in the folder Hands-on 2 called “SAND _Interface HO2 v2" and so on.

(Cx) : ’ - : HO2

3R [

Hands-on 2 (Data esults Database_HO2 ResultsTernplate_HO2 SAMND_|nterface_HO2
preparation)

Repeat these steps for each Hands-on (New folder-> ModelRunner-> ExportTemplates in
the HOX folder)

Voila: you now know how to manage your folders and files!

Main functionalities SAND Interface

Now the next step is learning how to use SAND Interface. Don’t worry, it looks more
complicated than it really is.
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SETS, Parameters and ToDataFile Sheets represent the core of the Interface, and they are
entirely interconnected to each other.

Try it: let's move around and check what we can do in each of these Sheets:

1. 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).

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 the respective cell in the
ToDataFile Sheet.

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

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

- Technologies - Commodities Emissions

Code Description Code Description Code Description

TEC000 Additional Technology COMO01 |Additional Fuel EMIC02 Emission factor for CO2

TEC001 Additional Technology COMO02 Additional Fuel EMICH4 Emission factor for methane
TEC002 Additional Technology COMO03 Additional Fuel EMIFGA Emission factor for Fluorinated ga
TEC003 Additional Technology COMO04 Additional Fuel EMIN2O Emission factor for Nitrous Oxide
TECOO4 Additional Technology COMOOS Additional Fuel EMIREN Emission factor for RET targets.
TECOOS Additional Technalogy COMO0G Additional Fuel Region

TECCO6 Additional Technology COMOCT Additional Fuel RE1 Region 1

TEC007 Additional Technology (COMDO8 Additional Fuel ResultsPath "C:\..\res\csv" (change it before runni
TECCO8 Additional Technology COMO03 Additional Fuel |="C\Users\Carla\DesktepiRuns\2020\UN\CLEWSO\ 2B\ res)
TECOO9 Additional Technology COMO10 Additional Fuel

TECO10 Additional Technology COMO11 Additional Fuel

Naming E!E Parameters ToDataFile

2. 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.
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futosave § SAND Interfoce (cleen) 2020 (vert) = Exce 2 Search _

Fle  Home Inset  Pagelayout  Formulas  Data  Review  View  Adddns  Help  Table Design ¢ Share 7 Comments
Eﬁ E; Calibri S LA £ B Wrap Tt General . f=a] @ E’j [ R At z:itfsum é? /O &

Paste i | O A~ =P &0 m | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas

- BTy oA = B % 9 G Formatting~ Table~ Styles~ - e . @ Clear~ Filter ~ Select
Clipboard & Font ] Alignment [ HNumber [ Styles Cells Editing Ideas Sensitivity
F2 - £ || =seTsiEs
A E C =} E F G H 1 J K L M L o F o

1 s s s s e - e e s 2013 - 2020 - 2021
2 | AcoumulatedAnnualDemand RE1 COMO0T J1 a a 0 0 a a
3 AccumulatedAnnualDemand RE1 CoMooz o 1] 0 0 o 1]
4 AccumulatedAnnualDemand RE1 COMIOG a a 0 0 a a
5 AccumulastedAnnualOemand RE1 COMO0g o 0 o o o 0
& AccumulatedAnnualDemand RE1 COMI0S a a 0 0 a a
7 AccumulastedAnnualOemand RE1 COMO0G o 0 o o o 0
£ AccumulatedAnnualDemand RE1 CoMooT o 1] o o o 1]
3 AccumulstedAnnualDemand RE1 COMIDE a a 0 0 a a
10 Accumulateddnnuallemand RE1 COMO03 o 1] o o o 1]
1 AscumulstedfnnusiDemand RE1 COMTD a a 0 0 a a
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1 AccumulatedAnnualDemand RE1 COMOT3 o 0 o o o 0
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21 | AccumulatedAnnualDemand RE1 COMoz0 o 0 o o o 0
22 AccumulatedAnnuallemand RE1 CoMoz1 o 1] 0 0 o 1]
23 | AccumulatedAnnualDemand RE1 COomMoz2 o 0 o o o 0
24 Acocumulatedfnnualllemand RE1 COMOZ3 o 1] o o o 1]
25 | AccumulstedfnnualDemand RE1 COMOZd a a 0 0 a a
26 Accumulatedfnnualllemand RE1 COMOZ3 o 1] o o o 1]
27 | AccumulstedfnnuaiDemand RE1 COMOZE a a 0 0 a a
28 AccumulatedAnnualDemand RE1 COomMo27 o 0 o o o 0
23 | Acoumulateddnnuallemand RE1 COMOZE a a 0 0 a a
30 AccumulatedAnnualDemand RE1 COMO23 o 0 o o o 0
3 Accumulateddnnuallemand RE1 COMO30 o 1] 0 0 o 1]
32 AccumulstednnuaiDemand RE1 COMO31 a a 0 0 a a
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| Naming | SETS | Parameters | ToDatafile | (@) < y

Try it: in Column A, filter for Parameters -> Tick Year Split -> OK. You will see that now only
data associated with the parameter called Year Split are shown on the table. You can add as
many filters as wanted. Play around with filters and get confident with this functionality!
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And this is what you will see if you filter out for the Parameter Year Split:

A B c D 3 F G H | J K L
1 d hd hd hd hd hd hd hd hd Timtmmpcnden(vanab-ﬂ]lﬁ -2015
48662|Yearspli 5101 o
48663|vearspi 5102 0
48664|vearsp! 5103 o
48665| vearspi 5104 0
48566 Yearsp! 5105 [)
48667 Yearsp 5106 [)
48663 Yearsol 5107 [}
48663 Yearsp 5108 [}
48670/ YearSol 5108 []
48671|YearSpl 5110 0
48672|YearSpl 5111 o
48673|vearspl 5112 0
48674|vearsp! 5113 o
48675|vearspi 5114 0
48676|vearsp! 5115 0
48677 Yearsp 5115 [)
48578 Yearsol 5117 [)
48679 Yearsp 5118 [}
48590 Yearso! 5113 [}
48691 | Yearsp 5120 [}
48592 Yearso! s121 []
48683|YearSpl 5122 0
48684|vearspl 5123 o
Year 5124 0
4 Year 5201 o
4 Year 5202 o
48638|vear 5203 o
48533 Year 5204 [)
48590, Year 5205 [}
48691|vearsp 1 5206 [}
48692/ YearSol 5207 [}
48693 Yearsp 5208 [}
48654|vearspl 5209 0
4 Year 5210 0
4 Year 5211 o
4 Year 5212 0
4 Year 5213 o
48633|vear 5214 o
48700 Year 5215 [)
48701 YearSplit 5216 [)
‘ Naming ‘ SETS | Parameters | ToDataFile | @ 4
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You see that from column K to column BN there are default values added: in this case 0. We will
add data for the year split at the end of this hands-on.

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

Watch out: never add data on this Sheet, do it always on Parameters and SETS. The interface is
made up in a way that all the entries will be automatically read by ToDataFile.

4. Naming - here you will find the description of the parameters used in SAND Interface.
We are not going to use all the parameters listed here.

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, further sub-divided into day and
night periods, called: Summer Day (SD), Summer Night (SN), Winter Day (WD), Winter
Night (WN).

However, in 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.

It was assumed each season has an equal length, with an average hourly split per season (24h
representative). Therefore obtaining:

4 Seasons/year * 24h 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:

1 Year / 96 Timeslices = 0.0104

Therefore, you should add this number to the Year Split column for each year.
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Watch out! To help you deal with all the data we created for you a Data Preparation
Spreadsheet that will allow you to copy-paste the data in a faster way.

IMPORTANT: Unfortunately, you cannot copy paste all the data in one go, so you need to copy
paste each line individually. This is because, when filters are applied, Excel will not copy-paste
the data into the correct rows of the spreadsheet multiple lines are copy-pasted at the same
time. Therefore, if you select all the data at once, instead of line-by-line, you will add data for
completely wrong parameters and the model will not work.

To help you with this task, check the blue cells in the Data preparation file which highlight the
data you need to change every time.

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 SAND Interface.

Try it: let’s add the data for Year Split.
1. Go in Parameters Sheet and filter for Year Split (in Column A).

2. Copy-paste data obtained in Column K of the Data Preparation File -> in Column K of
SAND interface correspondent to the year 2015.

IMPORTANT: right click on Cell K48662 and PASTE VALUES (second icon from the
left).

J6 Cut
g Copy
‘D Paste Options:

= TREEET = TR =

il ﬁ‘ﬁ
- [l 173 _1% éﬂ &
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0.0104
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0.0104
0.0104
0.0104
0.0104
0.0104
0.0104
0.0104
0.0104
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00 0000000000000 0000000000000000000000000

o000 o000 o000 0o0oooooosooosooososaooosanos

| Naming | SETS | Parameters | ToDataFile |

®

3. Go to Cell K48662; click ctrl+alt+down-arrow to select only the data in column K. Drag
and drop to copy them for the other years by moving to the right side until column BK
for the year 2070
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K4B662 - 0.0104 -
Patarmster F|FUEL |- | TIMESUICE Time incipendert varial o8 -|om |-|2A |-|22 E= E=] X (-0 [-|0E [-|@n [-|2E [-|8A [-|am [-|an (| @ .
472 [vearspin 5314 [ [) o o 0 (] [ 0 0 0 0 0 0 0 [ [
46724 |vearspin sus ) o o o ) ) ) ° ° ° ° ° ° ° [ [
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ABT48 [vearspii 8415 ) ) [ ) ) ) ) o o o o o o o 0 0
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TS [ resrsiin 1 [ [ o [ [ [ [ 0 0 0 0 0 0 0 [ [
ABTE2 | YearSplit s419 o L] ° ° o o o o o o o o o o L L
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46754 | vearsipiit s ) ] o o ) ) ) o o o o o o o [ [
AB7EE | vearspin san o ] o o o o o 0 0 0 0 0 0 0 a a
48756 | vearspiit a2 [ [] o o [ [ [ o o o o o o o [ [
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You should have now the data added to all the years and per each of the 96 timeslices available
in SAND Interface.

5100
s102
s108
10
s105
s108
107
s108
s109
110
su1
suz

48675 YearSpiin sue
43575 vearsplit sus

5208
sa10
s
48597 vearspiin sz
48598 Yearspiit sas
49550 vearSpliz sane
45700/ vearspiit sus
AB01 vearspiin

5216 0008 oo oo
Naming | SETS | Parameters = ToDataFile *® 4

Voila: you added the data for the parameter Year Split from 2015 to 2070

Check Depreciation Method and
Discount Rate values

10
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We will leave default values for Depreciation Method and Discount Rate. In the future, you are
free to change them following these steps.

Try it

1. Go to Parameters Sheet -> In Column A filter out for “Depreciation Method" and
“Discount Rate” parameters -> click OK. You will see the following. Do not change these
numbers, we will use these defaults values.

Time indipenden
variables H 2015 n 2016 n 2007 n 2018 n 2013 n 2020 n
DepreciationMethod RE1 1

DizcountBate RE1 0.1

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 are going to be in Column J and there will be a
number per each of the modelling years (Column K to Column BN).

Name Description

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

Yearsplit The sum of each entry over one modelled year should equal 1.

Region specific value for the discount rate, expressed in decimals (e.g.

DiscountRate 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.

DepreciationMeth
od

1
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