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Overview

The figure below gives an overview of the CLEWs model you will create by the end
of all the hands-on sessions. You will build it little by little, starting with this
hands-on session. The figure shows a Reference CLEWs Diagram (RCD). As
discussed in the lecture material, the boxes represent technologies, processes, or
physical assets. The lines represent flows of commodities.
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The names of the technologies and commodities follow a specific naming
convention that you will have to maintain throughout the exercise; otherwise, you
will not be able to visualize the results of your exercises!

The summary of the naming convention is given in the table below. You do not have
to memorise it; you will be gradually introduced to it with every hands-on session.
However, you can always come back to this table if you are uncertain. It includes all

Public water
PUBWAT|

technologies and commodities that you will encounter through all hands-on
sessions.

Name Description

Technologies

RSCLND Land resource

LNDMAIRNF Land representing rainfed maize cultivation
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LNDRICRNF Land representing rainfed rice cultivation
LNDMAIIRR Land representing irrigated maize cultivation
LNDRICIRR Land representing irrigated rice cultivation
LNDFOR Land representing forests
LNDBLT Land representing built-up land
LNDWAT Land representing water bodies
RSCPRC Precipitation water resource
MINGAS Gas extraction
MINCOA Coal extraction
RSCHYD Hydro resource for power
RSCSOL Solar resource for power
RSCWND Wind resource for power
PWRGAS Gas power plant
PWRCOA Coal power plant
PWRHYD Hydro power plant
PWRSOL Rooftop solar photovoltaic
PWRWND Wind turbines
PWRTRN Transmission and distribution network
DEMAGRDSL Diesel used in the agriculture sector
DEMAGRSURWAT Surface water supply for agriculture
DEMAGRGWTWAT | Ground water supply for agriculture
DEMPWRSURWAT | Surface water supply for power plants
DEMPWRGWTWAT | Ground water supply for power plants
DEMPUBSURWAT Surface water supply for public use
DEMPUBGWTWAT | Ground water supply for public use
DEMTRABIO Biofuel for transport
Commodities
LND Land
CRPMAI Maize
CRPRIC Rice
WTRPRC Precipitation water
AGRWAT Agricultural water
WTREVT Evapotranspired water
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WTRGWT Ground water

WTRSUR Surface water

PWRWAT Water for power plants

PUBWAT Public water

GAS Natural gas

COA Coal

HYD Hydro

SOL Solar

WND Wind

ELCO01 Electricity fed to transmission and distribution network
ELC002 Electricity for final uses

AGRDSL Diesel used in the agriculture sector
LFOR Land representing forests

LBLT Land representing built-up land
LWAT Land representing water bodies
TRABIO Biofuel for transport
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Learning outcomes

By the end of hands-on exercise 3, you will be able to:

1) Create a simple energy supply-demand chain
2) Understand and use key numerical data for the technologies and commodities
3) Run a simple model and analyse the results

Throughout this exercise, you will create a new simple energy system model and reflect on how
it works and how its results change with input changes. Building a simple energy system model
representing the extraction of coal and natural gas for the transformation into electricity in
power plants to meet an annual demand.

Electricity at

P Natural gas (GAS) -
(MINGAS) >
busbar
(ELCO00A)
Coal mine Coal (COA) Ml Coal power plant
(MINCOA) il (PWRCOA)

The figure below gives an overview of the energy system model you will create by the end of
Hands-on Exercise 3. You will build it little by little, starting with this exercise. The figure shows a
'Reference Energy System' (RES). As discussed during the lectures, the boxes represent
technologies, processes, or physical assets. The lines represent flows of commodities.

Electricity to end-

Gas power plant _ Electricity users (ELC002) ~
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network (PWRTRN)

Electricity to end-

Gas field Natural gas (GAS) [T —— u:rllesiz?:.:in users (ELC002)
(MINGAS) (PWRGAS) network (PWRTRN)
Electricity at
busbar
(ELCO001)
Coal mine Coal (COA) Coal power plant
(MINCOA) (PWRCOA)
‘Wind resource Wind energy (WND) Wind power plant
(RSCWND) (PWRWND)
Solar resource Solar energy (SOL) Solar PV
(RSCSOL) (PWRSOL)
Hydro energy
Hydro resource (HYD) Hydropower plant
(RSCHYD) (PWRHYD)
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Activity 1 — Introduce new
technologies and commodities

The starting point for this activity will be to create a new model in the MUIO. You will have to
configure a new model and add some inputs.

1. On the left-hand side menu, select “Configure model”.

i infol Plsase select existing or croate new modell
odel configuration

) Save new moded

O modsioata [ Timesets Y Commocities ¢ Emssons €7 Technology groups £ Technoicgies £ storage
=% Constraints o4 SCENANDE

Model name

Currency Mades of aperation

2. Fillin the fields in the “Model data” tab with the following information:
e Model name: CLEWs_HO
e Description: CLEWs Open University Course (2025) Hands-on Exercises Model.
® Currency: USD S
PY Modes Of Operation: 1 © Modeldata [T Timesets ) Commodities

£ Storage % Constraints

Modal name

CLEWs_HO

Currency Modes of operation

usD 1

Model description

CLEWSs Open University Course (2025) Hands-
on Exercises Model.

Note: description is not required field
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3. Click on “Save new model” to save your edits and create the model.

The tool you are using (0SeMOSYS) is a cost-minimization tool. That is, it decides
investments and operation of technologies based on their costs. If technologies have no
costs at all, the resulting capacities and activities of technologies may show
unreasonably high and non-meaningful numbers. Until we get to properly defining costs
(in exercise 2.2), let us make sure that there is some non-zero 'default' value in the
model, to avoid strange results.

4. Select your model in the Home screen and click on 'Parameters and Variables' on the left
side.

1
m 2
=

e (G5 United | beemmemer uy —
Medelling User Interface for Osemosys 2 Nations | socia At ;al; l\_“—v—:_
SN o

M cLEWs demn modal 0 G L W T

& CLEWs exercise e &L W

5. In the window that opens, look for the lines of 'Capital costs', 'Fixed costs' and 'Variable
costs', make sure that each has a Default value of 0.0001 (or overwrite the 0 if not), and

save.
Ragion, year, techrology Capital Cost 0.00010 149 [Currancy}[Technol... [# Update rule
Regian, year, techralogy Fixad Cost - fCumency)[Technol... (& Update rule
Region, year, technology Residual Capacity 0.00000 [Technology capacity wnit] | # Update rule
Ragion, year, technalogy Total Annual Max Capacity 999,999.00000 [Technology capacity unit] [ Update rule
Region, year, technology Total Annual Max Capacity Investment 590.899.00000 [Technology capacity unit] [# Update rule
Ragion, year, lechnalogy Total Annual Min Capacity 0.00000 [Tachnology capacity unit] (& Update rule
Region, year, technalogy Total Anreal Min Capacity Imwestment 0.00000 [Technology capacity unif] [# Update rule
Ragian, year, lachnalogy Total Technology Annual Activity Lower Lirmit 0.00000 [Technelogy activity unif] [ Update rule
Ragian, year, technalogy Total Technology Annual Activity Upgper Lirmt 900,290.00000 [Technology activity unif] [# Update rule
Ragian, year, tachnalogy RTINS | SRS e N | SRS hrebo gy capacity unmt] [# Update rule
Ragian, year, echnology, moda Variable Cost 0.00010 1 "|.".,."'||||:",-]-':T|-::'-|||r:| L& Update rule

6. Go to the tab "Time sets" in "Model configuration".
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In the section "Years", adjust the levers to set the model period to 2020 —2035 (or
unselect the years not in the model period).

s WD 5

]
m 9
4

Maodel configuration

7. Click on "Update model" (top left of config page) to save your edits. (always do it, at the
end of any step, with any element you modify!)

8. In the section “Configure Model”, select the tab “Commodities” to add commodities
(lines in the RES).

Electricity to end-
users (ELC002)

Natural gas (GAS)

Gas field
(MINGAS)

Electricity at
busbar

M| Gas power plant
. (PWRGAS)
< (ELC001)
M Coal power plant
' (PWRCOA)

Coal (COA)

Coal mine
(MINCOA)

9. Create 4 commodities by editing the name of the default commodity and adding 3
others using the “+ Add commodity” button to the right.
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- - W ¥ =
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I iile ] ] - el
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ak al
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G0 pag 1 Showmws: 4 - 11001

10. Consider the following names and descriptions. Keep the unit as “PJ”.

No Commodity Description Unit
1 COA Coal PJ
2 GAS Natural Gas PJ
3 ELC001 Electricity at Busbar PJ
4 ELC002 Electricity for end users PJ

(exactly as indicated above, with no spaces, nor special characters — any deviation from the
names indicated above may make the model crash and/or prevent you from visualizing results
later on)

Model configuration ces CLEWS. exercise

Update model | [ Condgure new modal

£V Mooe dala = T saty E_‘. Commedites [EJ ¥ Emisaions G5 Techmology groups £ Technologies : Sloraps
=5 Consirants A Srenancs

Commuodity nams Diescription Uinit o Add commada
GO Coal <]
GAS Natural gas P @ Dukta
ELCO01 Eleciricity a1 busbar P & DCabets
ELCOOZ Elwciricity for snd users Py & Dulete

G 1 P 1 Showrows: 10 - f4cid 4

CCG 2025 Page | 9



Climate
Compatible

Growth

11. Click on "Update model" to save your edits. (always do it, at the end of any step, with

any element you modify!)

12. In the “Configure model” window, select the “Technologies” tab to create 5 technologies
(boxes in the RES) by changing the name of the default technology and adding 4 others

using the “+ Add technology” button to the right.

SELECTED MODEL
Model CLEWSs_exercise
Updabe modal E} Confgurs new modal
O Modelaata 7T Tmesels i) Commodiies # Emissions G Technology Qroups £ Technolcgies @ B Storage
=5 Conairainis o TEnAE
Use the technology names, descriptions and units below:
SELECTED MODEL
Model CLEWSs_exercise
=1 Update modal £} Configure new modal
€} Model data ™ Time seis iy Commodiies ¢ Emissions ;. Technology groups £} Technoclogies [ = Siorage

":: Constraints ~" Scenarios

Technology Description Technolo... Unitof ca... Undt of ac... Ingut Activity R... Output Activity ... Input To New C... Input To Total C... Emisslon Activl. + Add technod

MINCOA Coal ming PJ PJ

MINGAS Gas field PJ PJ @ Dalste
PWRCOA Coal power plant GW PJ & Dalete
PWRGAS Gas power plant GW 1] & Dalete
PWRTRN Electricity trans GW (] & Delete

Go lo page: 1 Showrows: 10 ~ 1505 4 »
13. Save changes by selecting “Update model”. (always do it, at the end of any step, with

any element you modify!)

14.

Specify the input commodity for each technology, as per the RES, by selecting the

relevant commodity in the drop-down menu under “Input Activity Ratios” and specify
the output commodity by selecting the relevant commodity in the “Output Activity

Ratios” drop-down menu.

CCG 2025
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Gas field Natural gas (GAS)
(MINGAS)

Coal mine Coal (COA)
(MINCOA)

The table should be filled in as follows:

M Gas power plant
o (PWRGAS)
My Coal power plant

(PWRCOA)

Example: COA is an output of technology
MINCOA and an input to technology PWRCOA

»

Electricity at
busbar
(ELCO001)

Electricity to end-
users (ELC002)

.. . . . . . Input Output
Technology Description Unit Capacity[Unit Activity Activity Ratio |Activity Ratio
MINCOA Coal mine PJ PJ COA
IMINGAS  [Gas field PJ PJ GAS
|PWRCOA Coal power plant GW PJ COA ELCOO1
|PWRGAS Gas power plant GW PJ GAS ELCOO1
PWRTRN Electricity ELCOO01 ELCO02
. GW PJ
transmission network

In the table, insert the input and output commodities in the cells' Input activity ratio' and
'‘Output activity ratio." These are needed to create links between the technologies. I.e., to
define which commodities flow in and out of which technologies to create an energy
supply chain. For your convenience, the supply chain you will create is shown again in the
figure below.

For all the technologies, the unit of capacity must be GW, and the unit of activity must be
entered as PJ.

Note: Please disregard the "unit change warning" that appears in the interface when
switching between the default MW to GW for capacity.

Gas field
(MINGAS)

Coal mine

Coal (COA)

Natural gas (GAS) Gas power plant
o (PWRGAS)

(MINCOA)

CCG 2025

[ Coal power plant
(PWRCOA)

-

Electricity at
busbar
(ELC001)

Electricity to end-
users (ELC002)
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This chain indicates that (starting from the right): there is an electricity demand
(ELC002); this electricity is supplied to the consumers through the transmission and
distribution network (i.e. it is an output of PWRTRN); gas power plants (PWRGAS) and
coal power plants (PWRCOA) are the two technologies supplying electricity for
transmission (ELCO01) to the network (i.e. ELCO01 is an output of those two and an
input to PWRTRN); for supplying the electricity, the gas power plants are fed with
natural gas (GAS) and the coal power plants with coal (COA); gas and coal come from
extraction activities, respectively represented by MINGAS and MINCOA.

In 0SeMOSYS, the supply chain must always start with technology. |.e., there must be a
technology making the needed commodity available. In this case, at the start of the
supply chain, two technologies represent gas and coal extraction. Failing to start a
supply chain with a technology will mean the supply chain will not work, and the
model will crash.

With these steps, you have introduced new technologies and commodities into the
model and created links between technologies, i.e., how the commodities flow between
the different technologies. We must define the parameters that assign the link between
technologies and commodities.

15. Save changes by selecting “Update model”. {always do it, at the end of any step, with
any element you modify!)

16. At this stage, you can visualize the RES with the elements created. Go to “Model
Diagram” on the left-hand side menu.

There is a “Dynamic” view, where technologies, inputs and outputs are identified.

] SELECTED MODEL
RES Viewer HEM 1
Colors | | Description  Technologies v » o a @
TOTAL TECHS ACTIVITY TECHSv IAR TECHS: v OAR TECHS v SELECTED NODESv DISPLAYED TECHS DISPLAYED COMMS~
&5 6 % 3 ® 5 &8 F ] 04

MINCOA PWRCOA

PWRTRN Final demandl

MINGAS PWRGAS
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There is a “Simple” view similar to the sketched RES above.

MINCOA | COA .| PWRCOA ELCOO1

PWRTRN

MINGAS GAS S PWRGAS ELCOO1

17. In the window “Define model configuration”, select the tab “Technology groups” to
create one group to represent power plants. Name it “Power plants”.
Electricity at

Gas field Natural gas (GAS) M Gas power plant
(MINGAS) . (PWRGAS)
busbar
(ELC001)
Coal mine Coal (COA) M Coal power plant
(MINCOA) o (PWRCOA)

Electricity to end-

Electricity users (ELC002)
> transmission ®
network (PWRTRN)

Model configuration crests & et L

CLEWSs_exercise

=] Update model E3 Configure new modsal

© mocelgata [7] Timesets ) Commodities ¢ Emissions &f Technology groups [ 4 Technologies = storage

=5 Consirainis ~" Scenanos

Technology group name Description <+ Add group

Power plants Pawer plants

18. Save changes by selecting “Update model”. (always do it, at the end of any step, with
any element you modify!)

19. Go to the tab “Technologies” and assign the group created (“Power plants”) to PWRCOA
and PWRGAS. Save changes (“Update model”).
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1 SELECTED MODEL
Mode! configuration g
Update model [ Configure new model
€ Modeldata ™ Timesets ) Commodiies # Emissions £ Technolagy groups £ Technologies [ = storage
=5 Constraints " SCEnancs
Technology Description Technobo... |nitof ca... Unit of ac_.. Input Activity R... Output Activity ... Input To Mew C_.. Input To Total C... Emission Activi_.. o Add technol
NCOA Coal mina
GAS & Delzte
PYWRCOA Col powes plarl  Poswer planits By PJ COA ELCOM © Deleie
PYWRGAS Gas power planfl  Power plants W PJ GAS ELCO0M © Deleie
PWRTRN Elactricity trans GW PJ ELCO{1 ELCO02 O Deleta
Gao o page: 1 Showrows: 40 - 150f5 4 2

20. Determine the value of the “Input and output activity ratios” to be added to the
respective parameters.

To define the links between technologies and commodities, it is helpful to introduce some
concepts/terminology used in 0SeMOSYS:

e Activity: it refers to any process occurring within a technology (e.g., fuel
combustion, water treatment, crude oil refining, crop harvesting, etc.)

e InputActivityRatio: or IAR, the ratio between an input commodity and
technology activity (it is used to define which commodity is an input to a
technology and with which efficiency)

e OutputActivityRatio: or OAR, is the ratio between an output commodity and
technology activity.

Consider the following efficiency for the power plants:
e PWRGAS: 50%
e PWRCOA: 33%

The efficiency of the process of electricity generation for Power Gas is the ratio between

the output and the input. In this case:

1 unit of electricity __ 0
2 units of Gas = 50%

Efficiency =

If the output and the input have the same unit type (e.g., PJ), the efficiency will be a
ratio with no unit. If the output and the input have different types of units, then the
efficiency will have units. You choose the units. We will always indicate the exact values
you need to input for the labs and in which units they are intended.
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N.B. When defining the InputActivityRatio and the OutputActivityRatio, you
automatically define the efficiency of the technology. See the example below:

PWRGAS efficiency = 50%
Input activity ratio =1 / 50% = 2
2 P of GAS generate 1 PJ of ELCO01

2 PJ of GAS 1 PJ of ELC0O01
Gas power plant
(PWRGAS}
Electricity at
busbar
3 PJ of COA (ELCO01)

Coal power plant
{PWRCOAr
1 PJ of ELC001

PWRCOA efficiency = 33%
Input activity ratio =1/ 33% =3
3 Pl of COA generate 1 Pl of ELCO01

NOTE: Conversion efficiencies are determined by the relative magnitudes of the input and
output activity ratios.

Example: 33% efficiency can either be represented as an input activity ratio of 3 and an output
activity of 1 or as an input activity ratio of 1 and an output activity of 0.33

The main difference would be the relationship to the activity and capacity of the technology. For
technologies where the activity/capacity is usually defined by the potential to produce an
output (e.g. a power station), the output activity ratio should be set to 1, while for technologies
that are usually defined by its potential to process an input (e.g. oil refineries and transmission
lines) the input activity ratio should be set to 1.

Consider 10% losses in the electricity transmission network.

1 PJ of ELCO01 Electricity to end-
users (ELC002)
—.
Electricity at 0.9 PJ of ELC002
busbar
{ELC001)

PWRTRN cutput = Input — losses/100%
Input activity ratio=1
PWRTHEN output = 1 = 10%/100% = 0.9
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Add the values of the Output Activity Ratio in “Data entry” for the “Output Activity
Ratio” parameter, as calculated above (and summarised in the figure below for your
convenience).

Click on “Save data”. (Be sure to save your work after every update to avoid losing any

progress!)
OAR: 1 IAR: 2 OAR: 1 IAR: 1 Electrichty to end-
Gas field Natural gas (GAS) Gas power plant users (ELC002)
MINGAS PWRGAS) o -
{ ) { J T OAR: 0.9
Electricity at
busbar
(ELCODO1)
Coal power Frl.'i nt
PWRCOA)
OAR:1  IAR: 30 M OAR: 1
Select model ~
# Home o -
Output Activity Ratio re
=] Paramal
Output Activity Ratio v | [»*
Data entry
Scenario Technology % Commodity % MoQ Unit 2020 2021 2022 204
[+ W cutput
= sco MINCOA COA 1 pypy 1000 1000 1000 1
| Output Actvay Ratio SC_0 MINGAS GAS 1 PJPJ 10000 1000 1000 1
SC_0 PWRCOA ELCO01 1 Pypy 10000 1000 1000 1
SC_0 PWRGAS ELCO01 1 pypJ 1000 1000 1000 1
SC_0 PWRTRN ELC002 1 pPypy 0900 03500 0900 O
4

Add values for the Input Activity Ratio in “Data entry” for the “Input Activity Ratio”
parameter, as calculated above and summarised in the figure below for your
convenience.

Click on “Save data”. (Be sure to save your work after every update to avoid losing any

progress!)
OAR: 1 IAR: 2 0OAR: 1 IAR: 1 Electricity to end-
=" =
(MINGAS) o (PWRGAS) o -
.
Slochtuty at OAR: 0.9
busbhar
{(ELCODO1)
Coal mine Coal (COA) Coal power plant

[MINCIOA) {PWRCOA)

OAR: 1 IAR: 3 OAR: 1
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Select model ~
Input Activity Ratio
npail Activity Ratla  ~ [#®
[# Data antry =]
Scenario Technology * Commodity v MoD Unit 2020 2021 2022 W23 2024
a s e o rams 300 3000 om0 3000 300
| et Actwity Raio T 5C 0 PWREAS GAS { PJPJ 2000 2000 2000 2000 2000
SC_0 PWRTRN ELCOD1 1 PP 1.000 1.000  1.000 1.000 1.000

21. Add parameter data in “Data entry” for the “Capacity to Activity Unit” parameter.
Change the default value in PWRCOA, PWRGAS, and PWRTRN to 31.536. Click on “Save

”
data”.
i st = =]
" X =
Capacity To Activity Unit
| " R - w
L
" m £ ¥ =
Sanarhy - A Mk PR A, PWEIGA PR TR

NOTE: 31.536 corresponds to the energy, expressed in PJ, which can be generated or transferred
by an electricity system technology with 1GW capacity and 100% efficiency in one year.

i.e. 1 GW * 8760 h/year = 8760 GWh

Since 1 W =1J/s and 1h = 3600s,
8760 G *J/s *3600s = 31 536 000 GJ = 31.536 PJ
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22. Add parameter data in “Data entry” for the “Accumulated Annual Demand” parameter.

Go to this link and download the “CLEWs OU Data File.xIsx”. Then open the file and, on
the sheet “2. Assumptions”, go to line #218, and find the annual electricity demand
(commodity ELC002). Copy and paste those values in “Accumulated Annual Demand” in
the User Interface, in the line corresponding to ELC002.

NOTE on copying-pasting from the Excel file: You can select all the values of demand in row
#218 on the Excel sheet (Ctrl + C), copy them all together, then on MUIO click only on the 2020
cell for ELCO02 and paste (Ctrl + V). This way, you do not need to copy-paste or manually enter
one value at a time!

In 0SeMOSYS, demands are user-defined (exogenous) and can be set for one or more
commodities. They "drive" the optimization process; the model's objective is to minimize the
cost of meeting them.

The user can introduce two types of demand in 0SeMOSYS:

e AccumulatedAnnualDemand: it must be balanced by the supply on an annual basis
e SpecifiedAnnualDemand: it must be met based on a "time-of-use" profile, such as daily
fluctuations in electricity demand.

You will learn more about their differences in the following exercises. For now, you will
introduce values only for the AccumulatedAnnualDemand. In this way, you will define a
demand value for each year of the time domain. The supply chain needs to meet this demand
over the year, without minding when it was exactly during that year.

23. Click on “Save data”.

CCG 2025 Page | 18


https://docs.google.com/spreadsheets/d/13hjI3CH7S5yjFfsQmI1pMSrL5JTB6M7p/edit?usp=sharing&ouid=104853701543376448121&rtpof=true&sd=true

Climate
Compatible

Growth

Activity 2 - Running the Model

Suppose you have carried out all the above steps correctly. In that case, you are now ready to
run the optimization and see which technology or technologies will be chosen to meet the
electricity demand. At this stage, we have given very little input. Therefore, the optimization will
be unlikely to give meaningful results. However, it is good to go through the process of running
a model, check if the run is completed, and understand how to read the results. The model can
be run within MUIO. To run the model and visualize the results, take the following steps:

1. The model can now be run. To do so, create a “Case” by selecting “Run” in the left-hand
side menu.

2. Name the case “HO3_A1"” and describe it as “Hands-on 3 Activity 1 - Simple energy
model”.

3. Select “Create Case”.

# Case data - |
& Cases
+ New case
& HO3_A1 Hands-on 3 Activity 1 - Simple energy moder”.
Case name Scenarios [18/08/2025, 15:29:30]
HO3_A1 = Scenarios

Case description

Hands-on 3 Activity 1 - Simple
energy model”

B Update case

© HO3_A1

{Jf. Generate data File

4. Before running the model, run the script to check for potential inconsistencies in
parameter data, by clicking on the arrow symbol, to the left of the trash icon, for the
selected case.

After running the model, you will see several tabs on the right panel, in which you can
check the solver log, the Ip file, and all the results as a 'CSV" file.
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€) Validation output - caserun: HO3_A1

CHECK 1. Identifying technologies where Discount Rate idv is different from global Discount Rate for (r, t)
& CHECK 1: Success

CHECK 2. Check if Yvearsplits sums to 1 for y in YEAR
& CHECK 2: Success

CHECK 3. Checking if MinCapacityInvestment bounds are greater the MaxCapacityInvestment bounds for (r, t, y)
& CHECK 3: Success

CHECK 4. Checking if TotalTechnologyAnnualActivitylLowerLimit bounds are greater than TotalTechnologyAnnualActivityUpperLimit bounds for (r, t, y)
& CHECK 4: Success

CHECK 5. Checking if ResidualCapacity is greater than TotalAnnualMaxcCapacity for (r, t, y)
[ CHECK 5: Success

CHECK 6. Checking if ResidualCapacity plus TotalAnnualMinCapacityInvestment is greater than TotalAnnualMaxCapacity for (r, t, y)
[ CHECK 6: Success

CHECK 7. Checking if there is sufficient available capacity to meet TotalTechnologyAnnualActivitylLowerLimit for (r, t, y)
& CHECK 7: Success

CHECK 8. Checking if TotalTechnologyModelPeriodActivityupperLimit is less than accumulative TotalTechnologyAnnualActivityLowerLimit for (r, t)
& CHECK 8: Success

CHECK 9. Checking if specified Demand Profile sums to 1 for (f, y)
& CHECK 9: Success

CHECK 10. Checking if ResidualCapacity plus cumulative TotalAnnualMinCapacityInvestment is greater than TotalAnnualMaxCapacity for (r, t, y)
& CHECK 1@: Success

5. The data file is generated, and a preview is shown in a new tab next to “Cases” named
“Data file”. To run the model, click the button “RUN MODEL” shown at the bottom of the
“Case data” window.

6. If the model run is successful, a “Success” message is shown at the top of the window,
with the corresponding “Run message” at the bottom right corner. More tabs will be
displayed after “Cases” and “Data file”, i.e., “CBC solver log”, “LP file log”, and
“Results”.

v Success! Opfima - objective value 2.5540553 - Total time (CPU seconds): 0.02 (Wallclock seconds): 0.02 a
SELEGTED MODEL
Run model
CLEWs_HO
& - > N ™
EEeti * &% Cases [B Datafile [2) CBCsolverlog [2] LPfile (GLPK)log & Results
+ New case
& Download Data File
Case name Scenarios
HO3 Ad 2 Scenarios TR .
- h #setsi
: R R
el namel #
set REGION := RE1;
Case description set TECHNOLOGY := MINCOA MINGAS PWRCOA PWRGAS PWRTRN ;
Handeon 3 Activity 1 - S set COMMODITY := COA GAS ELCOOL ELCOO2 ;
arx bﬂ"d ‘E\Vly - Simple set EMISSION MI_© ;
energy model set STORAGE := ;
set YEAR := 2020 2621 2022 2023 2024 2025 2026 2027 2028 2020 2638 2031 2032 2033 2034 2035 ;

set SEASON

13

Note: ¢ ion i auire I set DAYTYPE := 1 ;

set DAILYTIMEBRACKET i= 1 ;
set TIMESLICE := TS 8@ ;

2 Update case set MODE_OF_OPERATION

set STORAGEINTRADAY :
set STORAGEINTRAYEAR :

© HO3_A1 set UDC i= ;
S

o f #Parametersi
{1, Generate data Fi @ RUN MODE| ey

param TradeRoute default @ :=
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7. The data file, logs and results are downloadable and can be used outside the interface.

Note that after exiting this view, the logs will not be displayed again if you select the case
—only the tabs “Cases”, “Data file” and “Results” will remain.

8. To visualize the results, select “Results” in the left-hand side menu.

Data entry (¢ Case data - 7

¢ Model diagram
: 4 New case

View data
Case name Scenarios

Run HO3_ A1 < Scenarios

1@#$%*&*() are not
allowed in model name!

Results
Case description

Hands-on 3 Activity 1 - Simple
energy model”.

Note: description is not required field

Update case

O HO3_A1

CCG 2025 Page | 21



Climate
Compatible

Growth

The figure below gives you an overview of what you can modify on the results view for a specific
variable.

| g © Creat Save chart

. . Select save reate a as an image.
In the results wev«f, the user @ Select variable views/chart customized chart

can select the variable for # Export as

which results will be
displayed and how the
results are shown similar to
working with a pivot table.

v Stacked - Show Column Totals ] Show Row Totals Hide Lagand

@ Select fields to display.

€ Organise the fields to display
results in your preferred
format and arrangement
(results can be rearranged,
aggregated and filtered)

©) Visualize the results. See results
in table format below the chart.

9. We will now give you an example of how to visualize the results for a specific variable, in
this case, “Production By Technology By Mode”. You may follow similar steps to view the
results for other variables that will be useful for answering the questions at the end of
the various exercises.

. . Production By Technology By Mode . I e
Showing results for “Production By i
Technology Annual” for all Producton By Technokogy By Mode. | Defautview v | @ Deleweview | © Createview || B
techn ologies. s | [ Colmn v || stacked - Show Column Totals [ ] Show Row Totals Hide Legend

e C
« Comm 0
i« Comm D -
ImMotd 00
«Ts 0
/- 2. Yea 1.400
/1 L1 val 1200
1 unit .
|rEeten
. & Tech Group = 800
Shows the variable’s Drag fids between 500
arsas below: N
results by case, vFiters 0 Columns o
technology and year. Tech “n
! ‘)"‘VU plrl ] 202 2023 2024 2025 2026 227 2028 2029 2030 2031 2032 2033 2034 2035
Rows I Valies o 12
Case Value " WMNGAS MPWRGAS B PWRTRN

NOTE: Below the chart, results are displayed in a table format; the variable results table can also
be exported.
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10. Just for your information (as it may be very useful later on), we show you how to

visualize the results for the variable “Production By Technology By Mode” for power
plants only.

Variable: Production By Technology By Mode —
Production By Technoiogy By Made Defaut v QO Dsseview O Cemeview B D @
* Filters: Drag “Tech group” to filters Ch et o G B - | v Comm Tow (] Snow e Tomn ] e Lo
"
< o0 .
s
e 1800 — :‘ | |
* Columns: Select “Tech Description” and remove Lo - =l
£ »
Tech”. : wmiB
) a. E——1 | |
- ot = 800 paa—" = =
. «
' :. ) i - - I I I I
‘ 2020 2021 32022 W23 M4 26 2028 2027 2028 209 0 203 32 013 W3 2036
= Rows 1 Vabues 1.2 .
Case B Eleciricty ransenission network [ Gas fld [ Gas powes plant
- e R e [
w [ ow W -

11. Right-click on “Tech Group” to select the group to display in “Field settings”.

12. Leave “Power Plants” selected by removing the selection from “No group”.

Field settings: TechGroup

Header. = Tech Group
Summary:  Count
Show As: | No calculation
Weigh by: | (none)
Sort | Ascending

Filter.  Edit... lear

ition | Filter by Value
Format v

Sample Search

El select Al

K comn

Power Plants
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The results for “Production By Technology By Mode”, displayed in the figure for the
group “Power Plants”, correspond to the generation by power plants over the modelling
period.

You can save this graph you just created (and its settings), so that you can bring it up
again any other time without having to redo all the settings. The graph will also be there
when you run new cases, so that you can immediately see how the results change in the
new cases.

In the top bar, towards the right, click on Create view, then give it a name (and a
description if you wish), and click Save.

@ Create view

View name

Energy |Production By Technology

I@#$%"&() are not allowed in model name!

View description

Note: description is not required field.

Save | % Cancel

13. Another variable that may be of interest for answering the questions in the exercise is
the “Use By Technology By Mode”, which shows how much input the various
technologies are using (in activity units, in this case energy units, PJ). In our case, you can
use it to see how much fuel (in energy units) the power plants are using, or how much
electricity is entering the Transmission and Distribution grid.
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EXTRA GUIDANCE

A) When you have created a model, and before you make any other major changes that
may break it, it is good practice to save it safely on your laptop, so that you may upload
it again on MUIO if things go wrong. That is, you may want to do a backup.

To back up a model, go to the Home screen and click on the download icon to the right
of its name. This will download the model itself, as a zipped folder. Do not unzip the
folder and do not change its name. Store it safely in a place of your choice.

B) On the other hand, if you have models previously backed up (or models of colleagues)
and you want to upload them to the interface, click on the 'restore' icon in the top bar of
the Home screen. Click into the window that opens and navigate to the folder where you
have the model (the zipped folder). Select the model and click 'open'. This will load the
model onto MUIO.

MUIO models '+ Search ... n

A CLEWSs Demo 0 ¢ L B 0
& CLEWs_HO e © B O
M Malawi CLEWs ®© ¢ L E 0
M Test Model 6 ¢ L B O

C) For all the times you are asked to run the model in the next exercises, you will have to
repeat all the related steps described above (we suggest you give your cases meaningful
names so that you can distinguish all steps from each other)
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