As renewable energy becomes more widely used, power systems need to remain clean, affordable, and reliable despite changing weather, electricity prices, carbon intensity, and demand. This thesis explores how shared data center clusters can help address this challenge in high-renewable Nordic microgrids.
Data centers consume large amounts of electricity, but some computing tasks are flexible. They can be delayed or moved between sites without affecting service quality. This means that data centers can act as demand-side flexibility resources rather than only passive electricity consumers.
This thesis develops a computing–power–carbon co-optimization framework to coordinate data center workloads with renewable generation, energy storage, grid exchange, carbon signals, and market operation. The framework considers both day-ahead planning and intraday adjustment under uncertainty.
The case study shows that shared data center flexibility can help reduce operating costs, carbon emissions, mismatches between planned and actual operation, and high-carbon electricity imports. Overall, the results suggest that shared data center clusters can support cleaner, more economical, and more reliable operation of renewable-rich power systems.

