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Energy and Flexibility
Modelling

Hands-on 2

Please use the following citation for:

e This exercise

Cannone, Carla, Allington, Lucy, & Howells, Mark. (2021, March). Hands-on 2: Energy and
Flexibility Modelling (Version 3.1.). Zenodo. https://doi.org/10.5281/zen0d0.4605256

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/zen0d0.4593100

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.

e Step-by-step explanatory video on Youtube

A video recording of this exercise is available on the CCG Youtube channel at: HO2

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
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5. Check Depreciation Method and Discount Rate values

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 0SeMOSYS using the interface named 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 clicSAND folder -> double click on the clicSAND.

isPC » 0S§(C) » Program Files > clicSAND

Templates clicSAND clicSAND.exe.config clicSAND.pdb

System.|0.Packaging.dil System.|0.Packaging uninstaller

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

a5 ModelRunner

Data Source [xls) “ |

Model [
Ratio (CBC)  [0.05 |2
Run COpen Log Export Templates ...

This will automatically save a blank copy of:
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SAND Interface (Excel Macro Enabled Workbook)

Results Database (Access database to store the results obtained)
Results Template (Excel Macro Enabled Workbook)
0SeMOSYS_code_Hands-on (Text file)

o N T w

Please rename these files as:

a. SAND Interface HO2

b. Results Database HO2

c. Results_Template_HO2

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

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.

D) » ¢ 2 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)

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

Voila: you now know how to manage your folders and files!
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Main functionalities of SAND Interface

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

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 Emissions
| TECDOO Additional Technology | COMO01 Additional Fuel EMIC02 Emission factor for CO2
ITECDO1 Additional Technology |COMO02 Additional Fuel [EMICHS Emission factor for methane
[TECD02 Additional Technology |COMO03 Additional Fuel EMIFGA Emission factor for Fluorinated ga
| TECDO3 iti | comoos Additional Fuel EMIN2O Emission factor for Nitrous Oxide
ITECDO4 Additional Technology |COMOOS Additional Fuel [EMIREN Emission factor for RET targets
TECO0S Additional Technology | COMO06 Additional Fuel Region
[ TECD06 Additional Technology | comoo7 Additional Fuel REL |Rq\on 1
TECDO7 Additional Technology | comooe Additional Fuel "C:\.\res) (ch before runni
[ TECO08 Additiona| | Technology | comoos Additional Fuel ==L EWS0\28\res)
ITECDOS Additional Technology |comMo10 Additional Fuel
TECD10 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
0OSeMOSYS 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),
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Technology (Column C), Commodities/Fuel (Column F). Columns Kto BN is
where you can insert data from 2015 to 2070.

P Search Sign in m - 0O

File Home Insert Page Layout Formulas Data Review View Add-ins Help Table Design 15 Share = Comments

(T8 Jcomn Jn A K| ==E % Bwepmea Genenl I E R BEB=RE| iy O 4

o~ EFin~
Paste B I U Mo AL 7= [ 1% A}t 9 ¢ 0 .00 Condttional Formatas Cell Insert Delete Format Sort & Find & Ideas
- - - - =7 030 Formatting ~ Table v Styles~ v & Clear v Filter ~ Select ~
Clipboard IE] Font 5l Alignment = Number T Styles Cells Editing Ideas Sensitivity
F2 - £ | =SETSIE3
A I c o | 3 £ a H '
1 - s e - e = e - i
2 |Hm:\.mlahed!rvr\ui]zma\d RE1 COMOO1 4 0 o o0 o 0 o
3 | AccumulstedAnnuaiDemand RE1 COMOOZ L] 0 o o ] o
4 | AccumulastedAnnusiDemand RET COMOO3 a o o o L] o
5 | AccumulatedAnnuslDemand RE1 COMOO4. 1] 0 o 1] 1] 0
& | AccumulatedAnnualDemand FRET COMOOS 0 0 0 o (1] o
7| AecumulatedAnnualDemard RET COMO0S 0 [ 0 ] 0 [
& | AccumulatedAnnusDemand RET COMOO7 0 ] 0 0 0 o
9 AccumulatedAnnualDemand RET COMOGG Q 0 o Q 0 0
0 | AccumulastedAnnusiDemand RET COMOO3 1] o o o 0 o
1| AccumulstedAnnusDemand RE1 COMOI0 a ] o a 0 o
2 AccumulatedAnnualDemand RE1 COMOTI ] o o o 1] o
| AccumulatedAnnualDemand RE1 COMO12 0 0 0 1] 0 1]
#_| AccumulatedAnnualDemand RET coMoT3 0 a 0 i} 0 o
| AccumulatedAnnualDemand RE1 COMOM 0 ] 0 ] 0 0
% | AccumulatedAnnualDemand RE1 COMOTS Q 0 o o 0 o
7 AccumulstedAnnusDemand RET COMDIE Q 0 o o ] o
® | AccumulstedAnnusDemand RET COMOTT a o o o L] o
8 AccumulstedAnnuslDemand RE1 COMO18 a 0 o 1] 1] 0
20 | AccumulatedAnnualDemand RET COMO13 ] [ 0 o 1] o
2| AccumulatedAnnualDemand RE1 cOMOz0 0 ] 0 o 0 0
22 | AcoumulatedfinnusDemand RET COMOZ1 0 ] 0 o 0 o
23 | AccumulatedAnnuaiDemand RET coMozz Q 0 o 1] 1] 0
2 AccumulstedAnnusDemand HET COMOZ23 1] o o o 0 o
25 | AccumulatedAnnusDemand RE1 COMO24 a 0 o o 1] 0
28 | AocumulstedAnnusDemand RE1 COMOZS a o o o 1] o
27 | Accumulated AnnualDemand RE1 COMOZ2E Q o o 1] 1] 1]
28 | AcoumulatedAnnuaDemand RET coMoz7 0 [ 0 i} 0 o
25 | AcoumulatedAnnusDemand RE1 COMOZ3 0 0 0 ] 0 0
30 AccumulatedAnnuaiDemand RE1 COMOZI 1] 0 o o ] o
N AccumulstedAnnusDemand RET COMO30 Q o o o ] o
32 | AccumulastedAnnusDemand RET COMO31 ] o o o o o
33 | AccumulstedAnnuslDemand RE1 COMO3Z a 0 o ] 0 0
| AccumulatedAnnualDemand HET COMO33 Q o o o o o
36 | AccumulatedAnnualDemand RE1 COMO34 o o o 0 1] 1]
3 | AosumulatedAnnualDemand RE1 COMOSS 0 [ 0 ] 0 o
37 | AccumulatedAnnuaiDamand HET COMO36 0 0 o "] 0 o
3 | AccumulstedAnnuaiDemand RET COMO3T Q o o o o o
Naming | SETS | Parameters | ToDataFile @ . v

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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Sart by Color

Text Filters
year

¥ (Select All Search Results)
Add cument selection to filter
¥ YearSpit

A | ACCUM BRI AN AR e
37| Accumul stedannusiDemand BEL
30 | Acrumulstesannus iOemana el
33| AccumulstedannusiDemand REL
40 Acrumulstedann s Demand an

cececooscscncssecscacacecscasnsnnnasansa

41| AccumularedannuaiDemand

RE1
Naming | SETS = Parameters ToDataFile

H 2 Type here to search

And this is what you will see if you filter out for the Parameter Year Split:

A B = 2] E F G H
1 g - - - - - - -
48662 YearSplit 5101 [
48563 YearSplit s102 0
48664 Yearspiit 5103 0
48555 Yearspiit 5104 0
48666 YearSplit 5105 0
488667 Yearsplit 5106 0
48668 YearSplit 5107 o
48669 Yearsplit s108 0
48570 Yearspiit 5109 0
48671 YearSplit 5110 0
48672 YearSplit s111 0
48673 YearSplit 5112 0
48674 YearSplit s113 [
48675 vearspiit s114 0
4876 YearSplit 5115 [
48677 YearSplit 5116 0
48578 YearSplit sur 0
48679 Yearspiit s118 0
49600 YearSplit s119 0
43881 vearspiit 5120 0
48682 YearSplit s 0
48883 YearSplit 5122 0
48584 Yearsplit 5123 ]
48685 YearSplit s124 0
49696 Yearspiit 5200 0
48857 Yearsplit 5202 0
48688 YearSplit 5203 0
48689 Yearsplit s204 0
48690 Yearsplit 5205 []
48691 vearsplit 5206 0
48632 vearSplit 5207 []
48693 YearSplit 5208 0
48634 YearSplit 5209 [
48695 Yearsplit 5210 0
48696 YearSplit sm [
48697 Yearsplit 5212 0
48638 YearSplit su3 [
48633 YearSplit s214 0
48700 Yearsplit sus 0
48701 vearsplit 5116 0
Naming SETS = Parameters | ToDataFile ® q
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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 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.

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, there is a Data Preparation Spreadsheet
that will allow you to copy-paste the data in a faster way. Click on the link and below the
preview you will see the tab called “Files”. Click Download next to Data_Prep_HO2.xlIsx

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 if 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 that 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 C of the Data Preparation File to Column K
of SAND interface, corresponding to the year 2015.

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

d6 Cut
Em Copy
"E, Paste Options:

= TRENET = TR =

il E‘.ﬂ.
o [l 123 .}Ef _éE &
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A F B
1 -r ~
48662] YearSplit 5101 0.0104
48663] YearSplit 5102 0.0104
A8EEA| YearSplit S103 0.0104
A48ERE| YearSplit S104 0.0104
A86ER 5105 0.0104
A8EET 5106 0.0104
48668] YearSplit 5107 0.0104
A8EES| YearSplit S108 0.0104
48670) YearSplit 5109 0.0104
48671| YearSplit 5110 0.0104
48672] YearSplit 5111 0.0104
48673] YearSplit 5112 0.0104
A8E7A| YearSplit S113 0.0104
48E75| YearSplit 5114 0.0104
48676] YearSplit 5115 0.0104
48677| YearSplit 5116 0.0104
48678] YearSplit 5117 0.0104
A8E7S| YearSplit S118 0.0104
A48680) YearSplit 5119 0.0104
48681| YearSplit $120 0.0104
48682] YearSplit 5121 0.0104
48683] YearSplit 5122 0.0104
A8EEA| YearSplit $123 0.0104
A48685] YearSplit 5124 0.0104
48686] YearSplit 5201 0.0104
A48687| YearSplit 5202 0.0104
48688] YearSplit 5203 0.0104
48625 5204 0.0104
48690 5205 0.0104
48691| YearSplit 5206 0.0104
48692] YearSplit 5207 0.0104
48693) YearSplit 5208 0.0104
A8E94) YearSplit S209 0.0104
48E95| YearSplit 5210 0.0104
48696 5211 0.0104
48697 5212 0.0104
48698] YearSplit 5213 0.0104
A8E95) YearSplit 5214 0.0104
A48700) YearSplit 5215 0.0104
48701] YearSplit 5216 0.0104

Co oo o o000 o000 soooooooSoooss0oeesenanesanse

0000 0000000000 0000000000000 00000000000na

D000 0000000000 0000000000000 000D000DD000D0

| Naming | SETS | Parameters | ToDataFile |

@

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.

K48662 -

rearsp:

vearspiin
rearspin
rearspiin

fe | 00104
X FEL - | TMESLICE
s
53
5316

- Time incipendent varial - | 2015 - |-|ame

Elooo4

- |28

- |21 - |23

cecsoscscncsceoecscscaconsosescnasall
cecsescscscscecscscscacencscsessascsall

- |2

- | s

- mer

- | 2068

2m
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You should have now added the Year Split values for all 96 time slices available in SAND
Interface for every model year from 2015-2070.

a F [
f x -

ABBEZ Vesrsplit s

ABEE3 VearSplie 10 0014 Ooa4  Ooms| 000 ooas 00104 004 004 oo o014 0ood 001k
ABEEA VearSplit 5108 0014 OOIF  OOMS  OOI0F OIS O 0O 0DIE  DOWA  DOIN X GO 00104 00108
4E8E5 | Vearsplic sie 5 0004 OUIDS OO 0004 OOie oo oowd oo oo coms| om: oows
48655 vearspiit 5105 0014 00I¢  ooMs  0m0+  OmOs 0014 oo+ oowe  oous oos  oowos  oows
4BEET | vearspiie 5106 4 00104 00104  00MS 0004 OmIY A 0014 0oI4  oowe  aoum X oows| ool omwe
4BEE8| Yeartplic 107 08104 00104 004 00102 oGt A aoise  opid  oewe oo Y oo ool oo
486G vesrsolit sa08 0o ooid  oome|  0m  ome ooid  ooid oo oo X oo oo oo
ABET0 VesrSpiit 5100 00104 004 0OWS 0004 O0IE LT T R T TT S T ooms omme oo
ABET1 | VearSplit sup 001« Oow4  ooms| 00l omans 0004 0014 00wWd oo oows 0o ooid
4E67Z|Vearsplic s O0IDS  OOI OIS OO0F QOIS O OUI4  0DIE  0OWE  0OW X [T T T
48573 VaarSpiit sz 4 ooI¢  ODIS  DOMA 00104 oOMR oo+ oo oo oo oows| oot oowe
4B574 vearspite su3 0010+ 0014 00MS 00100 OO+ O o1+ ool oowe  aoum 1 oows oot oowe
ABETE | vearspiit 5114 4 00104 00104 004 0004  OmO A 0014 0oI4  0owe  aouM Y oowd  oowoe  omoe
ABGTS Vesrsolit sus omos  omd  oome  omor  ommoe ooid  ommd  oowe oo . oowd oo oo
ABBTT vesrsplit s115 006 OoId om0 oo oo opid oo oo tows| oo oo
ABETS VearSplie sy oI OoId_ OoME 00106 Ooas oo oomd oo oo oowd ooid oo
a87] vearsplic sus oows  ooms[oows]  omos  omos o 0OI8  0OIA 004 DOIM X 0O 00104 00108
45590 Vearsplit suy DI ODI4  OONE  OOIOF  ODIOE ODIE  oDI:  oowe  oows oo ome: omios
48681 vearspiit 510 < 00i0¢ 0004 000e 00104 0030 00104 00w+ ooue  oous oos|  oows  oowos
4BEE2| vearspiie s 00104 00104 004 00104 004 O o104 0oIé 00w 00w 1 oowd oot oowe
4BEE3 Veartolic 122 08104 00104 004 00104 Oman A ol ooid  oowe oo Y [T T T
18634 Yesrsplit s oo ooid  oome  0me  omme coid  ooid oo oo X oo ool oowe
ARG versplit s oo« oois oo ome omm oo ooms oo oo ool oot ooios
ABEEVearSplit s 01 OOI4  OOME  OMI0E OG04 0004 0014 0owd oo oows oo 00id
48657 | vearsplic sm DI ODIS  OONE|  OOIF  OOIO 00I8  0DIE  0OWE  0oI DO ODI4  00id
46608 vearspiie sa08 ooIs  oois  vows om0 omos 00104 oDi:  omwe oo ooms  omes  omos
46638 vearspine 204 4 00 0004 004 OmOs  Omis oois| ool oowe oo oos| oot oawe
4BES0) vearspiit 5208 00104 00104 004 00104  OOO4 A oid  0oId 00w a0uM Y oowd oot omue
4861 vearsolit s208 ooos  ooid  oome| om0 omos opis  omme  oowe oo Y oo oowe oo
ABBE2 vesrsplit 5207 00104 004 0OWM 00104 006 LT T TT ¥ R T T S T oo oo oo
ABBS3 VearSplie 208 0014 Ooad  OoMs| 00l omae 00104 0014 00Wd 00w o014 0ood 001k
ABESH Vearsplit 209 00Id  OOIE  DOMS  OOI0F OIS O 0O 0OIF  DOWE  DOIM X 0O 00I04 00108
BB | Vearsplit 510 s 0004 OUIDS OO Q0104 OOIE 0DI  DDIE  oowe  oou Do ooio:  ooloe
48636 vearspiit sm 0014 Oois  ooMs  0m0+  Omos 0014 oows  oowe  oous oows  oowos  oows
4BETT | vearspine 52 4 00104 00104 004  OMmO0L OO0t o104 0oIe  oowe  aouM oowd| oot omwe
4BES8 | Yeartplic s13 08104 00104 004 O0i0r oGt A aoise  oeibd  oowe oo Y ooid  oei: oo
A vesrsplit s 0o« ooid  ooms|  omos  oms oo omid oo oo oo oood oo
ABTON vearSpiit sa15 00104 004 0OWS 0004 OoaE ooms  opmmd omme oo toms omme oo
48701 | vearspit 215 001 00N OOMS 00104 O0a0s . 0O DOI4  00WA  0OIM X 0O 00104 00108

Naming | SETS | Parameters | ToDataFile () «

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

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.

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 20107 n 2018 n 2013 n 2020 n
DepreciationMethod RE1 1

DizcountRate 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.
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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).

Name

YearSplit

DiscountRate

DepreciationMet
hod

Description

Duration of a modelled time slice, expressed as a fraction of the year.
The sum of each entry over one modelled year should equal 1.

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