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ABSTRACT

The digital and energy transition in Arctic cold climates require sustainable thermal
management solutions that work effectively under extreme conditions. This project
addresses this need by developing and applying nano-enhanced biobased phase
change materials (NeBPCM). Targeted applications include ensuring thermal stability of
data center and optimizing the thermal performance of titanium-manganese (TiMn) metal
hydride hydrogen storage system.

Biobased PCMs are derived from renewable sources such as vegetable oils, fatty acids,
and agricultural by-products. These materials offer important advantages including
biodegradability, non-toxicity, and chemical stability. However, their practical use is
limited by low thermal conductivity, which slows down heat transfer during melting and
solidification. To overcome this, this study focuses on dispersing nanoparticles such as
carbon nanotubes and graphene nanoplatelets within biobased PCM matrices to
significantly improve their thermal properties.

The study first utilizes regression analysis to build predictive models based on published
experimental data. This enables to study how key factors like nanoparticle concentration,
size, shape, and dispersion stability affect critical properties such as thermal conductivity,
latent heat retention, and phase change temperature. By using existing data instead of
conducting new experiments, this method saves time and cost while accelerating the
optimization of NeBPCM formulations for specific applications.

For data center cooling, the predictive model will simulate how NeBPCM performs as a
passive cooling system that absorbs and stores waste heat from computing equipment.
The model will evaluate cooling capacity, charging and discharging rates, and overall
system efficiency under Bjerkvik's cold climate conditions. This helps design cooling
systems that reduce dependence on energy intensive mechanical cooling.

For hydrogen storage, the model will assess how NeBPCM can manage temperature
changes during hydrogen absorption and release in TiMn metal hydrides. Hydrogen
absorption releases heat (exothermic), while desorption requires heat (endothermic).
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These temperature fluctuations reduce storage efficiency and shorten system life,
especially in cold climates below 0°C. The proposed NeBPCM system acts as a thermal
buffer, capturing heat during absorption and releasing it during desorption to maintain
ideal operating temperatures. The model will optimize the connection between the
NeBPCM storage unit and the metal hydride reactor to maximize hydrogen storage
capacity and performance in Arctic conditions.

The resulting mathematical models provide a fast and cost-effective way to optimize
NeBPCM formulations and system designs. It will accelerate the adoption of sustainable
thermal storage solutions in cold climates, contributing to the twin transition toward
digitalization and decarbonization of the built environment.



