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Energy and Flexibility
Modelling

Hands-on 9

Please use the following citation for:
¢ This exercise

Cannone, Carla, Allington, Lucy, & Howells, Mark. (2021, March). Hands-on 9: Energy and
Flexibility Modelling (Version 2.0.). Zenodo. https://doi.org/10.5281/zenod0.4609954

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: HO9

Learning outcomes

By the end of this exercise, you will be able to represent the following in 0SeMOSYS:
1) Residential appliances and residential electricity demand

2) Commercial appliances and commercial electricity demand

3) Industrial appliances and industrial electricity demand

4) Resource potential
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Add Sector-specific energy demands

The first step to represent energy sectors in 0OSeMOSYS is splitting the Total Electricity
Demand (ELC003) by sector. In this exercise we will split the Total Electricity Demand into 3
sectors: industrial, commercial, and residential. As we learnt in Hands-on 3, to represent a
demand in 0SeMOSYS we need to define a new Commodity. Therefore, three new
commodities need to be listed in SETS:

1. INDELC - Industrial Electricity Demand
2. RESELC - Residential Electricity Demand
3. COMELC - Commercial Electricity Demand

To avoid double-counting, we need to return the values for the SpecifiedAnnualDemand
of ELC003 and its corresponding SpecifiedDemandProfile to the original default values.

This is because we will later define SpecifiedAnnualDemand and
SpecifiedDemandProfile for INDELC, RESELC and COMELC.

Try it: remove values from ELC003 and add three new electricity demands.

1. Go to Parameters ->In Column A, filter out for the parameter

SpecifiedAnnualDemand
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Page | 2




Climate
Compatible

Growth

2. In Column F, filter out for ELC003. You will see that in cell K41971 there are the data
that we added in the previous exercise.

ELCOO3 nz0iE 8 30 317 3R2FEISY 339245

FSEM SpecifiedannualDemand IFE1 ELCO0 o o o o o 1] 1] il 1]

4. Make sure that there are only Zeros in the SpecifiedDemandProfile correspondent
to ELC003.

SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z
SpecifiedDemandPrafile RE1 ELCO0Z
SpecifiedDemandFrofile RE1 ELCO0Z

Naming | SETS ToDataFile )

L R e e e [ e [ e e e [ e [ e Y e e [ e [ e Y e e [ e [ s R o = R e R e R e Y o Y e e e e
[ e R e e e e O e e O e o e e O e o e e O s e e e O e Y e O e e e Y e e e e e )
Qoo oo oo OO oo OO0 0000000000 000000
L I e e e [ e [ e e e O e [ e Y e e e [ e Y e e O e [ e e R e [ e Y Y e Y e [ e Y e Y e e [ e e

Parameters

5. Add three new commodities in SETS:
- INDELC - Industrial Electricity Demand
- RESELC - Residential Electricity Demand
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- COMELC - Commercial Electricity Demand

E I F |
Commodities

e Lles oo
ELCO0Z Electricity after distribution
Coa Coal
oL il Fuel
NGS5 Mlatural Gas
ELEOOM Electricity from power plants
ELCOOZ Electricity after transmission
(=](n] EBiomaszs
HYDO Hydro
GEO Geotherm.al
LR Uranium
sOL Sun
WO wind
INOELC Industrial Electricity Demand
COMELE Commercial Electricity Demand
RESELC Feszidential Electricity Demand

6. Go to Parameters and in Column A filter out again for the parameter
SpecifiedAnnualDemand.

7. In column F, filter out for INDELC, COMELC and RESELC.

8. Add the data provided in the Data prep file.

CREEEM SpecifiedAnnualDemand INCELC 5.2 5.8 156 1B1 1641832 1673804
LAEEEN SpecifiedAnnualDemand COMELC 4.3 415 4.5 448 4973633 BOEGTI4
Er SpecifiedAnnualDlemand RESELC 3.2 a7 0.4 08 139331 1202047

9. Now in Column A filter out only for the parameter SpecifiedDemandProfile and in
Column F keep the filter on for INDELC, COMELC and RESELC. Add the data for
SpecifiedDemandProfile of INDELC, COMELC and RESELC as in the Data prep file.
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REIEN SpecifiedDemandProfile IMOELC 5101 0003187 000387 0003187 0.0031387 000387 0.003187
=T SpecifiedDemandProfile INOELC 5102 0003187 0003187 0003187 0.003187 0003187 0.003187
=T SpecifiedDemandProfile INOELC 5103 0003187 000387 0003187 0.0031387 000387 0.003187

SpecifiedDemandFrofile INOELC 5104 0003187 0.003137 0003187 0.003157 0009187 0.009157
=T SpecifiedDemandProfile INOELC 5105 0003187 000387 0003187 0.0031387 000387 0.003187
NETEN SpecifiedDemandProfile INOELC 5108 0003187 0003187 0003187 0.003187 0003187 0.003187
NETEN SpecifiedDemandProfile IMNOELC 5107 001323 000323 000323 001323 001323 00323
NEEI SpecifiedDemandProfile INOELC 5102 001323 000323 000323 001323 001323 00323
=TI SpecifiedDemandProfile INOELC 5103 001323 000323 000323 001323 001323 00323
REEEN SpecifiedDemandProfile INOELC 5110 001323 001323 001323 00MEEs 00fEs23 00NE23
NETEN SpecifiedDemandProfile IMOELC 511 001323 000323 000323 001323 001323 00323
NEE SpecifiedDemandProfile INOELC 5112 001323 000323 000323 001323 001323 00323
=T SpecifiedDemandProfile IMOELC 5113 001323 000323 000323 001323 001323 00323
=T SpecifiedDemandProfile INOELC 5114 001323 000323 000323 001323 001323 00323
NEE SpecifiedDemandProfile IMOELC 5115 001323 000323 000323 001323 001323 00323

SpecifiedDemandFrofile INDELC 5116 0011323 001323 001323 00fEEs 0032 00NEE:
NETEEN SpecifiedDemandProfile IMOELC 5117 001323 000323 000323 001323 001323 00323
NEER SpecifiedDemandProfile INOELC 5113 001323 000323 000323 001323 001323 00323
NEEIM SpecifiedDemandProfile IMOELC 5113 0003187 000387 0003187 0.0031387 000387 0.003187
NEEEN SpecifiedDemandProfile INOELC 5120 0003187 0003187 0003187 0.003187 0003187 0.003187
NEEEN SpecifiedDemandProfile IMOELC 5121 0003187 000387 0003187 0.0031387 000387 0.003187
NEE SpecifiedDemandProfile INOELC 5122 0003187 0003187 0003187 0.003187 0003187 0.003187
NEEE SpecifiedDemandProfile IMNOELC 5123 0003187 000387 0003187 0.0031387 000387 0.003187
NEERN SpecifiedDemandProfile INOELC 5124 0003187 0003187 0003187 0.003187 0003187 0.003187
NEE SpecifiedDemandProfile INOELC 520 000305 000305 000305 000805 000305 0.003085
NEEEN SpecifiedDemandProfile INOELC 5202 000305 000305 000305 000305 000305 0.00305
NEEEN SpecifiedDemandProfile IMNOELC 5203 000305 000305 000305 000805 000305 0.003085
BTN SpecifiedDemandProfile INOELC 5204 000305 000305 000305 000305 000305 0.00305

| MNaming | SETS UClelnEEr il ToDataFile | ®

Voila: you added sector specific electricity demands! Let's move to appliances.

Add energy-sector appliances

We now need to add the appliances (technologies) that address these sector-specific
demands. Therefore, we will have:

1. DEMINDELC - Industrial Appliances (ELC003 as Input; INDELC as Output)
2. DEMCOMELC - Commercial Appliances (ELC003 as Input; COMELC as Output)
3. DEMRESELC - Residential Appliances (ELC003 as Input; RESELC as Output)
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FwERTHM Electricity Transmizsion

FwROIST Electricity Distribution

MIMEID Biomass Extraction
FPWREID Biomass Fower Flant
MIMHYD Hydra Patential

FRwWHYD Hydropower Flant

MIMNGED Geothermal Fotential

P'WRGED Geothermal Fower Plant

MAIMUFR Uranium Fotential

PWwRMUC Muclear Power Plant

MAINSOL Solar Potential
PWwRSOL Solar Power Flant
MAINWRDO ‘wind Patential

PWwRWMhNDO ‘wind Power Flant

= [|OEMIMOELC |Industry Standard EFficiency fppliances

DEMCOMELC| Commercial Standard Efficiency Sppliances

= |OEMRESELC | Residential Standard Efficiency Appliances

aming SETS Para

==

These appliances work as normal technologies in 0SeMOSYS, so the steps needed to add
them in the model are the same as the one shown in Hands-on 5.

You will find the data that you need in the Data Prep File.

Watch out: for simplicity we will not consider the Capital, Fixed and Variable costs of
appliances in this exercise. So, these will stay at 0.

Add resources potential

We will now learn to limit the production of electricity depending on the resource potential
available. To do so, we will use the parameter TotalAnnualMaxCapacity.

Tryit:

1. In column A, filter out for TotalAnnualMaxCapacity
2. The resource potential for PWRGEO is of 9 GW for all the modelling years;

CCG 2021 Page | 6


https://doi.org/10.5281/zenodo.4609954

Climate
Compatible

Growth

3. The resource potential for PWRHYD is 10 GW for all the modelling years;
4. Add these data as provided in the Data Prep file.

Run the model and check the results

So, if we now check the Annual Electricity Production graph and Demands graph, we will
see a similar pattern. In the drop-down menu under “Multiple Items” in cell B1, tick the new
demands: INDELC, RESELC and COMELC. The only technologies producing will be the latest
three we added in the model.

Dim2 »Y Varizhle «¥
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