 
 
 
 
 
 
 
 


My First CLEWs Country Model  
Guidelines for a complete CLEWs model 
 
Aims and Objectives    
  
This resource provides guidance for those who have completed the OL course ‘Introduction to CLEWs’ available at ‘Open Learn’  and are seeking to take the next step and develop a country model. 

How to use this Resource  
The below instructions are designed to help you find and format the data for building your country model for use in the UNDESA ‘OSeMOSYS’ User Interface (abbreviated UI) as used in Hands-on-1 of the Open learn course ‘Introduction to CLEWs’.   
 
Some key differences with the Hands-on OL course to be aware of:  

· Days and Seasons (we suggest using 4 seasons and 2 day types)  
· There are more ‘Naming conventions’ regarding technologies and commodities to be aware of (see and they need to be spelt correctly for the OSeMOSYS-Cloud to recognise them.   
· The model will operate from 2020 –2050 - not just four years!  
· Scope for customisation - you will decide what technologies /commodities to build into the model.  
It is important to build the model horizontally:   
E.g.  MINCOA->PWRCOA001 ->ELC001->PWRTRN ->ELC002, that is, one supply chain at a time from resource to final demand, and then run the model.  
And then, for the next supply chain: MINHYD ->PWRHYD001-> ELC001-> PWRTRN -> ELC002.  
· You will need to ‘run’ the model regularly to see if it works – if it doesn’t ‘run’ you can find the error easier if you build horizontally.   
· To check for data input errors, you can use this website before running the model:  
http://lee2d2.pythonanywhere.com/    


Energy  
  
Finding Energy Data: CCG’s Starter Data Kits   
Go to https://climatecompatiblegrowth.com/starter-kits/ and find your assigned country. Click the first link then scroll down and open the file that has SAND and BASE in the title - this will open an excel spreadsheet with all your necessary data. It covers a time period from 2015-2070 so when entering the data you will need to copy and paste it into the OSeMOSYS User interface – (use Ctrl C and Ctrl V to do this).  In your country model we want to cover 2020-2070.  
Note 1: you are building a CLEWs model, but the interface is called OSeMOSYS as that’s the underlying code  
Please note the different ‘pages’ the tabs at the bottom of this SAND spreadsheet. The 2nd tab ‘SETs’ for example, highlights in detail the complex naming conventions you will need to use in the model- for example ‘PWRSOL’ might not be accurate if it’s a specific type of solar power plant you are adding (i.e. off grid or on-grid utility solar).  
Also, make sure all the columns are visible A-L in the sand spreadsheet .  
To find the necessary data to populate your model will need to click on the ‘Parameters’ tab and then apply filters to the columns to find the correct data.   

Model Making Guidelines (Energy)   
When following the guidance, make sure you read the entire step before commencing.     
Step 1.  
Do some research on your country’s current energy system. Identify the largest two different types of power plants they use. Also consider what type of powerplants the country might invest in, in the future, or that you would like to see them invest in. Thus, you should develop a list of at least 6 different powerplants, using 6 different resources, that you want your model to consider i.e., refrain from having a large natural gas and a small natural gas powerplant as they use the same commodity (NGS). They should be a mix of fossil fuel and renewable. Also include hydro if the country has that potential.  
Now pick one powerplant to initially add to your model, ideally the largest power plant your country currently uses. Please note that the naming conventions are more detailed than in the hands-on exercises. Use the ‘SETS’ tab/page in the SAND spreadsheet to work out what the more detailed naming conventions refer to. However, you may simplify the naming convention in tune with the OL course. i.e. PWRCOA001 can just be PWRCOA (the OSeMOSYS cloud does not recognise numbers currently in naming conventions).    
Note: off-grid solar is referred to as PWRSOL002 in the Sand spreadsheet (and has significantly higher capital and fixed costs than PWRSOL001 which refers to large scale 'utility' solar farms). If you want to include off-grid solar in your model convert PWRSOL002 into PWRPVR.   
Eg.., MINSOL -> PVR (&SOL) -> PWRPVR -> ELC002  
(It is unlikely off-grid solar will appear on your graphs due to its costs vs. on-grid solar if you have both)  
Step 2.  
Start a new model on the OSeMOSYS interface - give it a title (Country name and your initials), 4 seasons and two-day types, USD currency and a timespan of 2020-2070. Add Your first powerplant and all the other relevant horizontal information.   
For example, add the ‘commodities’ (i.e. ELC001/ELC002 and the ‘technologies’ that produce the commodities, i.e. the MIN***/ technologies and PWRTRN (electricity transmission tech) alongside the power station.    
NOTE: On the BASE SAND sheet for your country, PWRTRN will have an Output Activity Ratio of 0 for ELC002. This is because these kits are designed for detailed energy modelling and they include PWRDST as a technology (electricity Distribution), which would usually have an Output Activity Ratio of 1 to ELC002.  
As we are NOT using PWRDST in these CLEWs models, you need to add a value of 0.96 for the Output Activity Ratio of PWRTRN to ELC002 (that is, we are considering Transmission and Distribution together).  
Now add the relevant input and out activity ratio data for your first power plant across all years (2020-2070).   
Step 3.  
Once this is done it is important to add an energy demand to the model. As this is ‘energy’ we need to input data that concerns ‘year split’, ‘specified demand profile’ and  ‘specified annual demand’ (as demand for energy fluctuates across days and seasons).   
We will begin with ‘YEAR SPLIT. In your country’s model we suggest you use 8 time slices: 4 seasons and two day types (so adjust your model accordingly, note that in the OL hands-on exercises we only had 2 seasons and two day types). Next go to the ‘year split’ parameter in the OSeMOSYS user interface (where you are building your model) and add 0.125 to all 8 time slices for all years. This means that you are dividing the year in time slices of equal length. This is an assumption, which you may want to change later when you work on improving your model.  
Step 4.   
Now we need to reduce the timeslices in the SAND spreadsheet. As the SAND spreadsheet operates on the basis of 96 time slices, we need to convert it to 8. 
To reduce time slices in the SAND baseline file watch this YouTube video: timeslices macro for guidance. This will change the data in the starter data kit automatically ready for you to copy the new data into the OSeMOSYS user interface without needing to convert timeslices manually.   
Step 5.
We now need to obtain the ‘specified demand profile’. Open your country’s SAND spreadsheet (with its converted timeslices) and apply the filters ‘Specified demand profile’ to ‘parameter’ and ‘INDELC’ to ‘fuel’ – (INDELC refers to industrial demand). There should be  eight digits.
Copy and paste these digits into your OSeMOSYS model – under specified demand profile - for ELC002 for all years.    
Note 2: As you may remember, for both the Year Split parameter and the Specified Demand Profile parameter, the summation of the values over all time slices in one year needs to be 1. Cross-check that this is the case, otherwise your model will not work.  
Step 6.   
Finally, we need to insert data into the ‘specified annual demand’ parameter.   
Note that the SAND spreadsheet divides energy demand into three (commercial, residential and industrial demand) – for the purposes of our model we will combine this into one. To do this, on the SAND spreadsheet apply the filters ‘Specific Annual Demand’ and (under fuel) INDELC, RESELC and COMELC. Use a different spreadsheet to add up all three values for all years considered and then input this data in your own OSeMOSYS model under the ‘Specific Annual Demand’ parameter, for ELC002.    
· Check the demand is in Petajoules (likely 2 significant figures); if it is in Terajoules (5sf) then the figure needs to be divided by 1000 
· The demand in the Sand file is based on data from this website/diagram: https://www.iea.org/data-and-statistics/data-tools/energy-sankey 
· This value provided for demand in future years in the SAND file could be more precise – in more detailed models it should calculated based on GDP growth and not be linear in progression.  
Step 7.    
Now that you have ‘demand’ and the input and output activity ratios between all your technologies and commodities, your model should be able to run using one powerplant. Only proceed beyond this step if your model runs successfully.           
Note: If your model fails at this stage, check the previous steps, make sure in particular that your input and output flows are correct on the configuration home page (under the technology tab).         

Step 8.  
Now add your remaining 5 power plants following the instructions outlined in Step 1.  
Be sure to do a run each time you add a single power plant and its necessary connection, with the data, to make sure no data input mistakes have occurred.   
Once you have added at least 6 powerplants  you will likely not have sensible results. This is because you have not input the technoeconomic information in the model. That information is essential because the cost-minimisation operated by OSeMOSYS is based on it. So, as long as the model runs, do not worry too much about unreasonable results. 
Step 9.  
If your model still runs, copy your model (to save it) and add additional data for your 1st power plant technology in these parameters for all years (between 2020-2070). All this data is available from SAND starter data kit and the figures may change over time:   
· Capital Cost ($/kW)  
· Fixed Cost ($/kW/yr)  
· Variable Cost ($/GJ)  
· Operational Life (year)  
· Capacity To Activity Unit (GW/x)   
· Capacity Factors – no unit.
· Discount Rate - can be found on the Country Appendix document (10%=0.1)  
· Residual Capacity - GW  
· Emission Activity Ratio (kg/GJ) Divide by a 1000 before adding to CLEWs model   
(if you have forgotten how to add this parameter revisit hands-on-9 from the OL course)  
· Total Annual Max Capacity (GW) 
·  Total Annual Min Capacity  (GW)  
· Total Annual Max Capacity Investment (GW)  
· Total Annual Min Capacity Investment (GW)  
Step 10.     
Once this data is added to your first power plant, run your model to check if it runs successfully, and then copy your model again.     
Step 11.   
With this new model copy, begin adding this data (from step 7) to all your power plants, If the model fails to run at any point- or the graphs on the cloud are erratic please use http://lee2d2.pythonanywhere.com/ to find troubleshoot errors.   
Remember to back up /copy your model regularly- it should be saved as a zipped (.zip) folder!  
Step 12: Add Variable Cost to ‘MIN’ Technologies  
If there are any fossil fuel MIN technologies (MINOIL, MINNGS, MINCOA) in your model, add the relevant variable costs (from the SDK) to these technologies also.   
Step 13: Check Naming Conventions  
In the online OSeMOSYS cloud where the graphs are produced, the model won’t differentiate between different power plants of the same resource.  I.e., on grid solar (PWRSOL001) and off grid solar  (PWRSOL002) will be combined and not differentiated (See note in Step 2). This is important if you wish to add more power plants from the Starter Data Kit in the future.   
  
This issue of combining commodities/technologies will also occur in other contexts. For example, big hydro (PWRHYD001) and small Hydro (PWRHYD002) - the cloud graphs will merge them together. If you want to see them separate, you will need to call the small one something else and make your own ‘key’ i.e., call it PWRGEO (and the commodity going into its “GEO”) and make a note that geothermal on your graphs is actually Small Hydro.   
If you have made any changes, check that you re-did your output and input activity ratio’s.  
  
Use this Link- or see the supplementary file-  to find alternative names that the ‘cloud’ can read: Cloud Naming Conventions   
  

Step 14: Record your Key Data in a ‘Data in Brief’ in format. 

When creating an academic report based on a modelling methodology, it is important to imagine that someone who wanted to follow your research footsteps could build the same model to validate your results. Thus, it is good practice to summarise the most important data that was required to set up the model – this is often referred to as ‘data in brief’ (See an example here: note the use of tables). In preparation for your report appendix, please create similar tables based on your own country’s data (up to 2070): 

For example: 
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Figure 9: Costs and operational life for the 8 technologies available to the model to
consider (Allington, et al., 2022).

Technology Capital Cost ($10%/MW) Fixed Costs ($10%/MW) Operational
Life years

2020 | 2030 2040 2050 2020 | 2030 | 2040 | 2050 N/A

Medium 700 700 700 700 75 75 75 75 50

Hydropower

Plant

Off-Grid 3,000 | 3,000 |3,000 |3,000 |90 90 90 90 50

Hydropower*

Natural Gas | 700 700 700 700 20 20 20 20 25

Plant

Solar PV 4,320 | 2,700 | 2,091 2,091 86 54 42 42 24

(Storage)

offgrid

Biomass 2,500 | 2,500 |2,500 |2,500 |75 75 75 75 30

Power Plant

Onshore 1,489 | 1,087 | 933 933 60 43 37 37 25

Wind

Coal Fired 2,500 | 2,500 |2,500 |2,500 |78 78 78 78 35

Powerplant

Transmission | 365 | 365 365 365 N/A 50
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Table 1.2: Namibia’s specified annual energy demand. Figures calculated by totalling
their INDELC, RESELC and COMELC (Allington and Cannone at al., 2021; Table
2.1).

Energy

Specified Annual
Demand (PJ)

15.366 30.940 64.586 116.231
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