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Tool: 
OSeMOSYS

Aim: 
To comprehensively study the topic of energy systems analysis by combining academic and practical aspects, the development of computational algorithms, and the use of specialized software, with the aim of enabling students to acquire the skills to model, simulate, and analyse the long-term expansion of electricity and transportation systems.

Summary: 
Energy systems are composed of the electricity, transportation, and industrial sectors, among others. These systems enable the study of energy transformation from primary sources (e.g., sun, wind, water, oil) to final demands (e.g., gasoline in transportation, electricity in industry or households). Their analysis is essential for short-, medium-, and long-term planning. The modelling of energy systems allows for the creation of scenarios aimed at providing insights into the most cost-effective transformations to meet energy demand. In general, energy models are developed with the goal of building a long-term sustainable economy by integrating technical aspects of national production processes, the temporal and spatial behaviour of energy sources, demand requirements, optimization techniques, commercial and industrial interests, public policy formulation, and anthropological studies.

Given such a broad framework, the course offers an introductory-level understanding of this process, using as a case study Costa Rica's technological transition in the electricity and transportation sectors as part of its efforts to decarbonize the economy in line with the Paris Agreement. For this purpose, the OSeMOSYS platform will be used, complemented by other open-source tools such as Python. The course will explore the use of strategic planning tools for decision-making.

Intended Learning Outcomes: 

1. Knowledge and Understanding 

· Demonstrate an understanding of the principles of long-term energy system modelling using optimisation techniques.
· Explain the structure and capabilities of OSeMOSYS, including its linear programming foundations and system-wide perspective.
· Understand the role of techno-economic parameters, system constraints, and policy objectives in shaping energy system pathways.
· Recognise the interactions between power and transport sectors in integrated energy planning and how these influence system optimisation outcomes.

2. Subject-Specific Cognitive Skills 

· Analyse power and transport sector data (e.g., technology costs, fuel prices, demand profiles) to develop model inputs and constraints.
· Interpret results from optimisation models to assess trade-offs between cost, emissions, and technology deployment.
· Critically evaluate the strengths and limitations of OSeMOSYS in supporting national and regional energy planning.
· Assess how policy instruments (e.g., carbon limits, technology mandates) impact modelled outcomes across interlinked sectors.

3. Subject-Specific Practical Skills

· Collect, organise, and preprocess data needed for OSeMOSYS model implementation, including demand, technology, and resource data.
· Build, run, and troubleshoot an OSeMOSYS model using the Modelling User Interface for OSeMOSYS (MUIO).
· Develop and compare scenarios reflecting different policy, technology, or demand assumptions for the power and transport sectors.
· Interpret and visualise OSeMOSYS outputs to support evidence-based energy policy design.

4. Key Transferable Skills 

· Apply systems thinking and optimisation principles to real-world energy planning problems.
· Communicate model assumptions, methods, and results effectively to policy, academic, and stakeholder audiences.
· Collaborate in teams to develop and apply quantitative modelling for decision support.
· Use scenario analysis to inform robust decision-making under future uncertainties.

Student Experience Level 

None – No prior experience in OSeMOSYS or energy modelling more generally required, full introductory instruction provided. 

Course Duration 

· Total student effort: 144 hrs 
· Total class time: 48 hrs  
· Lectures: 28 hrs 
· Labs/hands on exercises: 20 hrs 
· Total project time: 96 hrs 

Assessment Details 

Assessment will be by four assignments: 
· Midterm I (15%) – After week 4
· Midterm II (15%) – After week 8
· Class project - First report delivery on modelling of the power sector (30%)
· Class project – Second report delivery on modelling of power and transport sectors (40%)
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