
 
 

Delft University of Technology

Commercially focused strategies to enhance PCM thermal conductivity in latent thermal
energy storage systems

Righetti, Giulia; Hooman, Kamel; Zilio, Claudio; Guarda, Dario; Mancin, Simone

DOI
10.1016/j.sctalk.2025.100439
Publication date
2025
Document Version
Final published version
Published in
Science Talks

Citation (APA)
Righetti, G., Hooman, K., Zilio, C., Guarda, D., & Mancin, S. (2025). Commercially focused strategies to
enhance PCM thermal conductivity in latent thermal energy storage systems. Science Talks, 14, Article
100439. https://doi.org/10.1016/j.sctalk.2025.100439

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1016/j.sctalk.2025.100439
https://doi.org/10.1016/j.sctalk.2025.100439


Science Talks 14 (2025) 100439 

Contents lists available at ScienceDirect 

Science Talks 

j ourna l  homepage:  www.e lsev ie r .es /scta lk  
Commercially focused strategies to enhance PCM thermal conductivity in 
latent thermal energy storage systems 
⁎Giulia Righetti a, , 
a University of Padova, Department of Management and Engineering, Italy 

Kamel Hooman b , 

b Tu Delft, Process and Energy Department, the Netherlands 

Claudio Zilio a , Dario Guarda a , Simone Mancin a 
⁎ Corresponding author at: University of Padova, Departm
E-mail address: giulia.righetti@unipd.it (G. Righetti). 

http://dx.doi.org/10.1016/j.sctalk.2025.100439 
Received 23 December 2024; Received in revised for
Available online xxxx 
2772-5693/© 2025 The Authors. Published by Elsevi

P
P
P

A  B  S  T  R A C T
A  R  T  I  C  L  E I N F O
Phase change material 
Cost analysis 
Thermal conductivity enhancement 
Metal foam 

Keywords: 

Latent energy storage 
It is widely recognized among specialists that PCMs (Phase Change Materials) typically have low thermal conductivity, 
which significantly restricts their commercial use. This study presents alternative, low-cost, yet effective approaches to 
enhance the average thermal conductivity of a PCM system (a commercially available paraffin wax with a phase 
change temperature around 40 °C) intended for thermal energy storage. The system contains 600 g of PCM within 
an annular space around an inner tube, through which heat is either added to or removed from the PCM. Experiments 
were conducted to assess the effects of water flow rate and temperature, used as the heat transfer fluid, on the system's 
performance. The flow rate was varied from 2 to 8 L/min, and the temperature was set between 45 and 55 °C. We 
tested three types of aluminum-based thermal enhancers: a commercial metal foam, a wire mesh, and irregular alumi-
num flakes (chips) produced as waste from machining processes. The PCM-only sample required the longest time for 
both charging and discharging, while the PCM with metal foam had the shortest times. The intermediate solutions, 
using chips and wire mesh, showed moderate phase change times. To evaluate the economic feasibility, we introduced 
a performance metric based on cost per phase change rate, showing that these two affordable thermal conductivity en-
hancers could play a vital role in promoting the broader application of latent thermal energy storage technology across 
various fields. 
Tables and Figures 

Video to this article can be found online at https://doi.org/10.1016/j. 
sctalk.2025.100439. 
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Fig. 2. Research group picture.

Fig. 1. Description of the Department of Management and Engineering. 
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Fig. 3. Picture of the test sample full of metal chips. 

Fig. 4. Explanation of how a PCM works.
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Fig. 5. Metal chips. 
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Fig. 6. Scheme of the test section.
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Fig. 7. Picture of the test section. 

Fig. 8. Picture of the metal foam.
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Fig. 9. Picture of the wire mesh. 

Fig. 10. Picture of the metal chip.
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Fig. 11. Thermocouple position. 

Fig. 12. Experimental set up scheme.
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Fig. 13. Charging time of the four samples at different water flow rates. 

Fig. 14. Charging time of the four samples at different water temperature. 

Fig. 15. Temperature field in the PCM only sample. 

Fig. 16. Temperature field in the PCM + chip sample.
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Fig. 17. Average temperature in the PCM + chip sample at different flow rates. 

Fig. 18. Charging times in the four samples at different temperature differences. 
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