
Sustainable 
Planning 

Decision Making Tools for 
Energy-Water-Food



GHANA

Wikimedia.commons.org
pixabay



wikimedia.commons.org



Energy-Water-Food Breakdown

elsevier.com/locate/enpol



Methodology –
Model Structure

Optimization Model 
Formulation



Methodology –
Model Structure

• Weighing:

• CAPEX

• Capital Expenditure

• OPEX

• Operating Expenditure 

• CO2 Emissions

• Future CO2 Emissions

• OPF 

• Opportunity Cost of Food 
Production



Methodology –
Model Structure 

• Measuring:

• Investment Balance

• Resource Balance

• Production Constraints 



Methodology –
Model Structure 

• Estimating:

• Ie = Current

• R = Resistivity p/unit area

• Dist(I, I’) = Distance between nodes



Methodology – Optimization Structure



Data Collection Methodology in 
Practice



Data Collection - Variables
• Electricity Supply 

• Hydroelectricity 

• Thermal Generation 

• Nuclear Power

• Solar Power

• Wind Power

• Biofuel 



Hydroelectricity
• 43.2% of Ghana’s power generation
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Hydroelectricity & Waterfall



Thermal 
Generation

• Natural gas cleanliest fossil fuel

• 56.2% of Ghana’s electricity demand

• Different mixes of natural gas

• Light cycle oil (LCO)

• Distillate fuel oil (DFO)

• Heavy fuel oil (HFO)

• Thermal coal 
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Nuclear Power

• Large supply with high investment cost

• Safety concerns and regulation 

• 10% of total electricity grid capacity
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Solar Power

• 0.6% installed capacity 

• Direct sunlight 

• Concentrated solar 
power (CSP)

• Solar thermal Energy 

• Photovoltaic power

• Indirect sunlight 
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Wind Power
• Onshore wind 

• One of the cheapest renewables

• Offshore

• One of the expensive renewables
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Biofuel
• Biomass-poverty belt

• Tropical and sub-tropical 

• Extreme poverty 

• Advantages

• Perennial

• Fast growing

• Low fertilizer 

• High net energy yield (540%)

• Marginal land 

• Disadvantages 

• Processing 

• Time to reach optimal harvest 

• Requires moist soil 
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Scenario & Policy 
Evaluation

Methodology & Data 
in Action



Scenario Outline



Change in Drinking Water for Energy



Economic Cost - Power Generation



Economic Cost – Food Production 



Power Generation Technology Characteristics



Change Effect Implementation & 
Adaptation Effect



Change Effect - Operating Food Production



Change Effect – Due to Climate Change



Change Effect – Aggregate Effects to Policy



Change Effect – Change of Costs, Emissions, & 
Power Technologies   



Conclusion Deciding Factors for 
Ghana



Economic & Opportunity Cost Food Production
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