[image: ]   
    
 
 
 
 
 
 
 

    
 
 
 
 
 
 
 


  Interlinkages  
 
We will now add linkages between the different systems to our model. This section generally follows the processes discussed in CLEW's hands-on exercises ‘HO8’ with some minor adjustments.  
Step 1: Adding Crop Imports  
Before adding these linkages, we should create import technologies for every crop you have (IMP***). This is because when using our model to run scenarios, we might put our models under stress i.e., there may not be enough land to produce the crops to meet demand.  
When adding this technology there is no ‘input’ and the output is the relevant crop i.e., ‘IMPMAI’ would have the output of ‘CRPMAI’. Don’t forget to add an output ratio figure (which is‘1’) also!    
We should  also set a high Variable cost and Capital Cost for each crop import technologies we only want our model to import crops in extreme circumstances as a last resort. So input the figure 99999 (five ‘9’s).  
Also change 'TotalTechnologyModelPeriodActivityUpperLimit' to 99999 (five ‘9’s) for all crop import technologies so the model can use these technologies as often as necessary.   
Step 2: Water for Energy   
This activity will introduce the necessary links to capture the water needed for cooling in thermal power plants. You will introduce the following two new technologies and commodities to capture the amount of water that is to be used by the gas and coal power plants.   
	Name   
	Entity   
	Description   

	DEMPWRSURWAT   
	Technology   
	Technology to account for cooling water from surface sources   

	DEMPWRGWTWAT   
	Technology   
	Technology to account for cooling water from underground sources   

	PWRWAT   
	Commodity   
	Water for cooling in thermal power plants   


The input and output connections between the different technologies are specified below. It is noticeable that in this example coal power plants will consume more water for cooling to generate a unit of electricity than gas plants. Once all the connections are made,  rerun the model, and visualize the results using the online platform. The focus of this activity is on the results related to the water demand for the power sector.  
	Technology   
	Description   
	Parameters   

	DEMPWRSURWAT   
	Water supply technology that uses 1 unit of 
WTRSUR to produce 1 unit of PWRWAT   
	Input Activity Ratio &  
Output Activity Ratio   

	DEMPWRGWTWAT   
	Water supply technology that uses 1 unit of 
WTRGWT to produce 1 unit of PWRWAT   
	Input Activity Ratio &  
Output Activity Ratio   

	PWRGAS   
(add extra input to technology using the tech tab)   
	1 unit of activity of the gas powerplant requires 0.03 BCM of PWRWAT for cooling   
	Input Activity Ratio   

	PWRCOA   
(add extra input to tech using the tech tab)   
	1 unit of activity of the coal powerplant requires 0.05 BCM of PWRWAT for cooling   
	Input Activity Ratio   


Note: If you have a fossil fuel power plant in your model that is neither GAS nor COAL use the value 0.04  Complete a successful run before moving on.  
Step 3: Energy for Water   
This activity will introduce the necessary links to capture the energy (electricity: ELC002) needs for different activities in the water system. Energy is needed for pumping water from surface and groundwater sources for irrigation, thermal power plant cooling, and public water supply.   
It is essential to notice that the energy input is actually the electricity produced by the power plants. This creates a loop in the model that is essential for capturing the energy links. In this activity, no new technologies and commodities will be added. The following table details the necessary linkages and ratios that need to be established.   
	Technology   
	Description   
	Parameters   



	DEMAGRSURWAT   
	1 unit of activity of the water technology requires 0.1 PJ of ELC002 for pumping   
	Input Activity  
Ratio   

	DEMAGRGWTWAT   
	1 unit of activity of the water technology requires 0.2 PJ of ELC002 for pumping   
	Input Activity  
Ratio   

	DEMPUBSURWAT   
	1 unit of activity of the water technology requires 0.1 PJ of ELC002 for pumping   
	Input Activity  
Ratio   

	DEMPUBGWTWAT   
	1 unit of activity of the water technology requires 0.2 PJ of ELC002 for pumping   
	Input Activity  
Ratio   

	DEMPWRSURWAT   
	1 unit of activity of the water technology requires 0.1 PJ of ELC002 for pumping   
	Input Activity  
Ratio   

	DEMPWRGWTWAT   
	1 unit of activity of the water technology requires 0.2 PJ of ELC002 for pumping   
	Input Activity  
Ratio   


Once the data entry is complete, rerun the model and visualize the results using the online platform. The focus should be on the increase in electricity demand due to the internal links. It shows that investment / development / policy decisions in one sector can have implications for another and cross-sectoral discussions need to happen!  
Step 4: Energy for Land   
This activity will introduce the necessary links to capture the energy needs for different activities in the land system. Energy (diesel) is used for operating agricultural equipment in the land used for crop cultivation. To represent the need for diesel inputs, you will need to create two new technologies (MINDSL and DEMAGRDSL) and two new commodities (DSL and AGRDSL) - Units in PJ.   
The new diesel commodity will be consumed by the LND technology that represents crops. Note that the irrigated land cover types consume more diesel as they use more equipment to manage higher harvests.   
	Technology   
	Description   
	Parameter   

	MINDSL  
	1 unit of activity produces 1 unit of DSL  
	Output Activity Ratio  

	DEMAGRDSL   
	1 unit of the agricultural diesel tech requires 1 unit of DSL  
1 unit of activity produces 1 unit of AGRDSL   
	Input Activity Ratio 
Output Activity Ratio   

	DEMAGRDSL  
	1 unit of activity produces 0.0698 million tonnes of CO2eq  
	Emissions Activity   Ratio  

	Rainfed Crops  
E.g., LNDMAIHR  
	E.g., 1 unit of rainfed Crop uses 0.08 units of diesel  
(AGRDSL) Use this figure for all rainfed crops  
	Input Activity Ratio   

	Irrigated Crops  
E.g., LNDMAIHI  
	1 unit of irrigated maize cropland uses 0.12 units of diesel (AGRDSL) Use this figure for all irrigated crops  
	Input Activity  Ratio   


Once the data entry is complete, rerun the model and visualize the results using the online platform. The focus should be on the diesel consumption in the agricultural sector.   
Step 5: Land for Energy   
This activity will introduce the necessary links to capture the land area needs for energy-related activities. Use Crop 3 from the Land section table. The example below assumes Maize will be used to produce biofuel for consumption in the transport sector. (you may be using a different crop).   
The actual process of producing biofuel from food crops has many intermediate steps. Therefore, a simplistic representation of a complex biofuel chain is employed to explain the systemic inter-linkages.    
In this activity, you will add a new technology (DEMTRABIO) to represent the simplified step that converts Maize 
(or ‘crop 4’ the one you want to use as biofuel) to a new biofuel commodity which we will call: (TRABIO) . In the model, there will now be competition for land to grow Maize (biocrop) for the purpose of food and biofuel production.  
Note: This structure assumes the crop has competing uses; in reality it could be the case that the crop residues are used for biofuel production, i.e., by-products. In that case we would model the chain a bit differently because the production of biofuel would not be in parallel to the one of food, but rather in series with it.  
The table below details the different inputs and outputs relevant for the representation of this biofuel chain.   
	Technology   
	Commodity   
	Description   
	Parameter   

	    
DEMTRABIO   
	Biofuel  
E.g., CRPMAI 
   
	1 million tonnes of “Maize” (CRPMAI)....  
	Input Activity  
Ratio   

	 
	TRABIO  
	….is used to produce 6 PJ of biofuel (for TRABIO) - (use this figure for any type of biofuel crop)  
	Output Activity  
Ratio   



To ‘find’ a suitable demand figure for your biofuel crop: 
Base Year Demand Estimate
You need a starting demand in petajoules (PJ) for your TRABIO commodity. A reasonable ballpark figure can be generated like this:
· Assume biofuels meet 10% of transport energy needs in the base year.
· Let’s say average transport energy demand is 8 GJ per capita per year.
· With a population of 6 million, that gives:
6,000,000 people × 8 GJ = 48,000,000 GJ = 48 PJ total transport energy
10% from biofuels ⇒ 4.8 PJ = ~5 PJ of TRABIO demand
So, you can start with:
2020 — 5 PJ demand for TRABIO
Scale by Population Growth
Assuming a  2% annual population growth, increase demand by 2% per year:
Year	TRABIO Demand (PJ)
2020-	5.00
2021-	5.10
2022-	5.20
2023-	5.30
2024-	5.41
...	...
2050-	~9.05
(Use the formula: Demand_year = Demand_prev_year × 1.02)
The demand we have used for biofuels is an accumulation of demand for all biofuel crops in your country. So, in essence your biofuel crop, in terms of TRABIO, is a symbol/signifier for all biofuel crops needed for your country.    
Once the data entry is complete, please update 'TotalTechnologyModelPeriodActivityUpperLimit' to 99999 (five 9’s) for the tech DEMTRABIO.   
Now, rerun the model and visualize the results using the OSeMOSYS cloud. The focus should be on the land allocated for bio crop cultivation to meet the demands for food and biofuel.   
Once completed, run your model. Check the graphs look smooth too.   
Step 7: Saving your model  
A successful run now means that you have created a baseline CLEWs model for your chosen country. Make sure you save and ‘back-up’ the model, so that you have that baseline model ready should you ever need it again.  
If the model fails to run or the graphs look erratic, please upload the data file here for data input troubleshooting: http://lee2d2.pythonanywhere.com/   
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