
Formulating Scenario(s) for your Country with ClicSand/OSeMOSYS
A First Time Guide

Please use the following citation for this resource:
· Martindale, L., Cannone, C. (May, 2023) Formulating Scenario(s) for your Country with ClicSand/OSeMOSYS. Zenodo. Doi: 10.5281/zenodo.7888162.

To be used in tandem with:
· Martindale, Leigh. (May, 2023) OSeMOSYS Parameters and their Policy Relevance. Zenodo. DOI: 10.5281/zenodo.7886430. Available here: https://zenodo.org/record/7548105#.ZFELPHbMJaQ

Aims and Objectives

This resource is a guideline for designing scenarios using ClicSand. It provides advice and instruction on four key stages:

1. Research. What you need to find out before creating scenarios.
2. Develop Objectives. Converting your research into objectives that can be achieved through scenario design.
3. Choose Parameters. How to begin selecting the relevant parameters to adjust, in order to create model constraints relevant to your objectives.
4. Apply data modifications. How to add values relevant to your constraints into your scenario model
5. Additional Resources. Where to go to next to put these skills into practice
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1. Research

Make sure you use these resources below to have a good understanding of your country's current energy supply mix.

· https://climatecompatiblegrowth.com/starter-kits/ (See Table 1 under ‘Data Description’
for you case study country)
· https://www.iea.org/sankey/#?c=Zambia&s=Balance

Also be aware of your country’s current projects, policies, aims and objectives in regard to energy. You could perhaps challenge or support them in your scenarios. See the NDC link below for ideas with this:

· https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx

From this information, it is now possible to try and develop scenarios that might be appropriate for your country.

For example, your country could be decommissioning a nuclear power plant in 2030 (or maybe it is under threat from Climate Change e.g., flooding etc) and it is necessary to review how this gap in energy supply could be compensated.
2. Develop Objectives

It is now necessary to convert this research into feasible and pragmatic objectives. This could be done by finding relevant figures or intended policy goals that can be measured in some respect.

The classic example is net zero by 2050: How can your country achieve net zero by 2050? what is the best energy mix necessary to achieve this goal? A baseline model would work this out via cost efficiency if you simply applied an emission limit to your model. Perhaps your case study has more specific goals, 50% of energy to be wind and solar by 2040. You could then design objectives that seeks to explore if this is a realistic, over ambitious or under ambitious goal– could you offer more appropriate alternatives to this target using OSeMOSYS modelling?

From the above example premise of decommissioning a nuclear power plant in 2030, you could design three modelling objectives that would be useful for policy makers. Using this nuclear case study, these objectives might look like this:

· What would be the most cost-efficient energy solution (without nuclear power) post 2030?
· What would be the most cost-efficient solution if there are no fossil fuel options post 2030?
· What would be the most cost-efficient solution if they are no renewable options post 2030?

Noticed that they are worded in a style that can be easily translated into scenarios.

3. Choose Parameters

Now it is necessary to consider which parameters you will be ‘tweaking’ in your selected
baseline starter data kit to create your scenarios.

There are four parameters we strongly recommend you use and think about as model constraints:

TotalTechnologyAnnualActivityUpperLimit / LowerLimit:
These parameters could allow you to define the amount of power per year being produced by a power plant to fulfil a country's demand. For example, if you want your model’s solution to not rely on certain power plants to meet demand, adjust these parameters (this would be useful for the nuclear example mentioned above). This constraint can be used to model scenarios where there are limits, or requirements on how much energy can be produced by a specific technology in a given year, which could be due to factors like resource availability, grid constraints, or policy targets. You could also force the model to not import fuel to encourage power autonomy (reducing the ‘IMP’ort technologies).

Two example ways to use Annual Activity parameters:

1. If you want a certain power plant (e.g. PWRGEO- maybe research what has the most potential in your country) to produce a certain % of production: Take the demand for INDELC, COMELC, RESELC and add them all to get the total. You can then choose a value (e.g. 10% of the total demand) and implement that as the Lower Limit for PWRGEO,

forcing it to produce at least 10% of demand. If you only want it to produce 10%, no more, no less you can then apply this % also to the Upper Limit, although use 11% (it's best to give the model a little wiggle room hence the extra 1%). You can also do this to multiple power plants at the same time. Remember, if after running the model you were to add up the Annual of Activity of all the power-plants for a particular year (from the results file), that would equal the demand for that particular year (although if the SAND sheet was created with good detail, the Annual Activity total would be slightly more to account for inefficiencies).

2. If you run your baseline/reference model you can view and note down the electricity production graph (e.g. viewing how much Coal produces). If (e.g.) it produces 200PJ in 2015 and gradually rises to 500 (PJ) in 2070, but your scenario requires less fossil fuels to be used, you could apply a max of (e.g.) 150 (PJ) to be produced by PWRCOA to the Upper Limit across the modeling period (2015-2070). Similarly, if you wanted it to produce a minimum amount, for a renewable technology you would apply a Lower Limit.

TotalAnnualMin / MaxCapacity:
These parameter sets the maximum or minimum amount of capacity that can be added for a specific technology in a given year. It is focused on the physical capacity of the power plants, without directly considering their actual energy output. This constraint can be used to model scenarios where there are limits, or requirements on how much of a specific technology can be built within a year, either due to policy targets, construction constraints, or other factors. If using these constraints in tandem with TotalAnnualMax / MinCapacityInvestment, be careful of conflicts.

The Difference Between ‘Max Annual Capacity’ and ‘Annual Activity Upper Limit’
TotalAnnualMaxCapacity is concerned with the physical capacity of power plants (how much can be built), while TotalTechnologyAnnualActivityUpperLimit is focused on the energy output (how much energy can be produced) of those power plants. When creating scenarios, it's essential to use the appropriate parameter based on the aspect of the energy system you wish to explore or the policy target you want to analyse. For example:

TotalAnnualMaxCapacity Scenario example:
· Imagine a country aiming to limit the construction of new coal-fired power plants to support a transition towards cleaner energy sources. The government could introduce a policy that limits the annual addition of new coal-fired power plants' capacity to a specific value, let's say 500 MW per year. By setting the TotalAnnualMaxCapacity for

coal-fired power plants to 500 MW, the model will limit the construction of new coal capacity in each year, forcing the model to explore alternative energy sources to meet the demand.
TotalTechnologyAnnualActivityUpperLimit Scenario example:
· Suppose a country has abundant solar resources but limited grid infrastructure to handle the intermittent nature of solar power. The government could introduce a policy that limits the annual energy generation from solar power plants, let's say 10,000 GWh per year, to ensure grid stability. By setting the TotalTechnologyAnnualActivityUpperLimit for solar power plants to 10,000 GWh, the model will limit the amount of energy that can be generated by solar power plants in a given year, forcing the model to balance the energy mix with other sources to meet the demand.
For more advice on linking parameters to policy, use this resource: https://zenodo.org/record/7548105#.ZFELPHbMJaQ
4. Apply Data Modifications to your Baseline

When creating scenarios for your OSeMOSYS model, you might need to perform calculations in Excel to adjust parameter values over time, such as increasing or decreasing capacities or emission limits. Indeed, it is always best to reduce/increase values in parameters over time to reach a percentage goal. Your results graphs should in most cases be characterised by curves slowly increasing or decreasing the technologies (powerplants) involvement in the energy mix.
To achieve this, we need to apply some careful maths when dealing with percentage increases or decreases over time
Example: Increasing Solar Capacity from 12 PJ in 2030 to 60 PJ in 2050
Step 1. Calculating the total percentage increase or decrease with your scenario values
· If you want to increase solar capacity from 12 PJ in 2030 to 60 PJ in 2050, you first need to calculate the percentage increase between these values
· Calculate the percentage increase: (Final value - Initial value) / Initial value * 100
· Eg. (60 - 12) / 12 * 100 = 400%
Step 2: Based on your scenario calculate the time span needed for the consistent increase or decrease

· Determine the number of years in the time span:
· Eg. 2050 - 2030 = 20 years
Step 4: Calculate the percentage rate you need to change the value each year
· Calculate the annual increase rate
· E.g. 400% / 20 years = 20% per year
Step 5: Creating an excel formula for adjusting values
· Once you have calculated the annual increase rate, you can apply this rate in Excel to adjust parameter values over time. See image
· In cell C4, enter the initial value (12 PJ) for the year 2030.
· In cell D4, use the following formula to calculate the value for the year 2031:
=C4*(1+20%)
· However, you cannot simply drag this formula across for all years, as it will increase the percentage from the previous year, not the source year.
· To address this issue, list the annual increase percentages in row 6. Then, use the following formula in cell D4: =SUM($C$4*(1+D6))
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· $C$4 refers to the initial value (12 PJ)
· D6 refers to the annual increase rate (20%)
· Now you can drag this formula across for all valid years.
Decreasing a Percentage
· To decrease a value by a specific percentage, use the following formula: =$C$4*(1-[10%])
· This formula would decrease the value in cell D4 by 10%.
Important Notes
· Make sure to paste only values (not formulas) into your OSeMOSYS data spreadsheets.
· The principles outlined in this example can be applied to various parameters and figures.

Useful Links
· Example Excel Sheet: https://zenodo.org/record/7888154#.ZFFu587MK5c
· Percentage Change in Excel: https://trumpexcel.com/percentage-change-excel/
· Percentage Calculator: https://percentagecalculator.net/
With this guidance, you should be able to perform the necessary calculations for adjusting parameter values in your OSeMOSYS model scenarios.


5. Additional Resources

1. Martindale, Leigh. My First OSeMOSYS Scenario with ClicSand: Net Zero. Zenodo. DOI: 10.5281/zenodo.7888172
2. Building on an OSeMOSYS Starter Data Kit: Scenario Exercises 1-5
· Emissions Exercise: https://zenodo.org/record/7753832#.ZFEEvXbMJaR
· Renewable production Exercise: https://zenodo.org/record/7758487#.ZFEDd3bMJaQ
· Aggregate Renewable Target: https://zenodo.org/record/7757227#.ZFEFSnbMJaQ
· Energy Efficiency: https://zenodo.org/record/7569483#.ZFEGCnbMJaR
· Drought Modelling: https://zenodo.org/record/7566315#.ZFEGJnbMJaS
· Video Guidance for exercises 1-5: https://www.youtube.com/playlist?list=PLhLN8V8JSUnIw5osZPtOW-U4s87Qey115
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