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Abstract 

The integration of renewable energy technologies in small island developing states is a crucial 
yet evolving topic in academic research. Previous studies have examined various aspects of 
renewable energy technologies in these regions, such as the economic viability of electricity 
supply, customized solutions for islands, power sector reform, case studies, and barriers to 
adoption. However, current literature lacks optimising the proportion of renewable energy in 
national portfolios and comparing these outcomes with national energy plans. Therefore, 
states face unique challenges and opportunities when transitioning to renewable energy 
sources, but there is a lack of comprehensive and feasible strategies to guide them in 
achieving these objectives. 

Vanuatu has set ambitious targets for reducing carbon emissions and has been proactive in 
advocating for climate change mitigation on the global stage. Despite considerable efforts and 
investments, the nation has encountered challenges in meeting its goals for electricity access 
and renewable energy adoption. Increasing renewable energy in Vanuatu's energy sector 
presents challenges that necessitate clear pathways supported by robust techno-economic 
modelling and optimisation analyses. Furthermore, these models often rely on detailed input 
parameters that are not readily available for island states. Integrating variable renewable 
energy resources into the grid requires consideration the impact of renewable generation on 
frequency and voltage dynamics which can be achieved through strategic implementation and 
operation of storage systems.  

This study addresses the challenges of generation capacity expansion planning faced by small 
countries like Vanuatu and proposes an approach to develop techno-economic assessment 
models using two software tools, PyPSA and HOMER. Specifically, it compares the capacity 
expansion planning and system optimization capabilities of the two widely recognized software 
tools in achieving high renewable energy on the island grid. By demonstrating the techno-
economic analysis of investment strategies using these tools, energy system planners will be 
better equipped to navigate the transition to a renewable and sustainable energy system on 
the island. The aim of this study is to compare the two software tools for capacity expansion 
modelling in the context of increasing and integrating renewable energy into existing island 
grids which are predominantly reliant on fossil fuel-based electricity generation. The study 
focuses on the goal of achieving 100% renewable energy as required under Vanuatu National 
Energy Road Map 2016-2030 for the island grid. The objective is to assess the overall 
capabilities, advantages, and limitations of both tools in relation to this specific context.  

PyPSA is an open-source versatile software platform that simulates and optimizes grid design, 
estimates renewable capacity potentials, and supports regional smart energy planning. It plays 
a crucial role in ensuring the sustainability of grid-connected renewable energy systems by 
assisting in the assessment of user capacity and willingness, demand response strategies, 
and techno-economic analysis of hybrid energy systems powered by 100% renewables. The 
platform's ability to simulate and optimize grid design using various power flow analysis 
methods enhances its adaptability to the unique requirements of island grids.  
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HOMER is widely used software for optimizing microgrids and distributed energy resources. 
It offers a wide range of technology choices and options and examines all potential 
combinations of system types and sorts them based on the chosen optimization variable. 
HOMER Pro incorporates a new optimization algorithm that simplifies the design process for 
identifying the least-cost options for microgrids and other distributed generation electrical 
power systems. It has been used to assess the economic feasibility of hybrid microgrids in 
various regions, demonstrating the benefits of microgrids and decentralized energy systems 
for low to medium distribution systems. 

For this study, multiple scenarios were developed and considered for high levels of renewable 
energy penetration for the Efate grid in Vanuatu. Techno-economic optimization was carried 
out using both software tools to determine the cost-optimal capacity expansion plan for these 
scenarios. Factors such as investment costs, operational constraints, fuel prices, carbon 
emissions, and technology life cycle were considered during the optimization process. This 
study examines the suitability of both tools for informing planning in the specific context of the 
island grid and provides original insights. The key findings derived from this comparative 
analysis provide valuable insights into the optimal planning pathways, system stability, and 
practical strategies for achieving near 100% renewable energy on the island grid, as well as 
in other isolated grids of similar scale. 

The research highlights the importance of considering the unique characteristics of small 
island grids and provides noteworthy recommendations for policymakers and energy planners 
who are working towards developing sustainable and resilient energy systems both in Vanuatu 
and the broader Pacific Islands region. 

 


