
ABSTRACT  

Smart grids powered by renewable energy are crucial to creating a more sustainable, reliable, 
and cost-effective energy system. These advanced networks use automation, monitoring, and 
flexibility to efficiently manage the integration of variable renewable sources like solar and 
wind. By combining these sources with energy storage and digital tools for managing demand 
and supply, smart grids help stabilize the system and improve performance. A significant 
development in this transition is the rise of multisector energy systems. These systems connect 
various energy carriers — such as electricity, heat, hydrogen, methane, and synthetic fuels — 
into one integrated network. The goal is to increase overall efficiency, cut emissions, and boost 
energy security by allowing sectors to interact and support one another. These multi-energy 
networks are designed to be adaptive, responding to real-time needs and conditions. 
To make the most of these systems, sophisticated optimization is required — both in daily 
operations and long-term design. This includes real-time control of energy flows, demand 
response, network planning, and storage sizing. Such strategies must align with both cost-
effectiveness and environmental goals. 

 


