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Abstract
In recent years, mainly due to the environmental reasons, the share of renewable energy sources has been on the rise. A major challenge for such sources is their intermittent availability. To tackle the resulting time mismatch between energy supply and demand, energy storage especially in phase change materials (PCMs) received considerable attention. Nevertheless, PCMs are far from widespread commercialization due to some inherent shortcomings especially their low thermal conductivity. In addition, most of the existing studies considered one-time or consecutive phase change processes. In reality, however, PCMs might undergo simultaneous charging and discharging. Consequently, to tackle such shortcomings in the literature, comprehensive experimental and numerical investigations have been conducted by our team as part of the contribution to Annex 31 of International Energy Agency (IEA-ECES Annex 31). The major topics covered so far include:
(a) characterization of heat transfer mechanism in vertical storage units
(b) analysis of the effect of storage shape on vertical units (cylindrical vs. conical)
(c) analysis of the effect of orientation on storage units (vertical vs. horizontal)
(d) characterization of heat transfer mechanism under simultaneous charging and discharging
(e) analysis of the effect of geometrical properties on vertical units (shell to tube radius ratio)
(f) enhancement techniques in horizontal storage units (using multiple tubes, triplex tubes and/or fins).
It can be understood from the outcomes that PCMs need further research to be widely accepted. In addition, further optimization studies are needed to exploit their potential to the full.
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