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This work presents a novel S2H2P system that mtegrates UHT-LHTES with CSP, using PCMs for core
storage and TPV cells for solid-state power generation. Operating at temperatures over 1200°C, the
system offers a more compact energy storage solution compared to traditional methods.

Key Properties

System Description

Phase Change Material (PCM)

Key S2H2P system indicator

PCM properties

¢ Tertiary and quaternary metallic alloys Solar input power 47 KW Volume 0.0124 m?
optimised for high energy capacity and irradi
T 5 gy capacily Solarirradiance at |, , \\\\//2 Density 2976 kg/m3
efficiency the aperture
¢ Very high latent heat of fusion, , Thermal
. : : Insulation thermal o
conductivity, and melting point conductivity 0.05 W/(m-K) | conductivity @ | 100.67 W/(m-K)
¢ Enables various operating modes, such as 20°C
fast charging, discharging and storage Crucible thermal 1 W/(m-K) Latent heat 1669 k/kg
conductivity capacity
TPV cells’ power Sensible heat
Crucible density (dependent = ~1W_/cm? capacity 1.20 kJ/(kg-K)
¢ Houses the PCM and facilitates heat on temperature)
exchange TPV cells’ surface 100 cm? Melting range 1340°C - 1400°C

¢ Material compatibility with the PCM
¢ Ensures durability and proper insulation
of the material

Simulation Results

¢ The COMSOL Multiphysics® model couples various

Insulation physics (CFD, Heat Transfer, Radiation) to optimise
¢ Based on graphite fibre mat and fumed system design, materials, and performance.
silica board ¢ Thermal cycling periods: 0.87 hours for charging (20

kWh,, energy storage) and 3 hours for discharging (0.4
kWh, electricity production).

¢ Prevents heat loss to the surroundings,
playing a key role in maintaining high

temperatures X Charging cycle _selor
¢ Moves to allow for different modes of 0.9 L{1.45
operation :IOB Nl 1.43 O
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¢ Built from stainless steel, provides E - 10.4 :g Eg_
structural support to the system § L3 \ o GE,
¢ Prevents the outer surfaces from getting : - "~
too hot 0' = 1.36

¢ Ensures compact and modular design of

the SUNSON-Box ¢ The PCM operates at a maximum of 1460°C, delivering

up to 250 W of electrical output.

Thermophotovoltaic Cell (TPV) T _ ig - o B
¢ Converts heat from the PCM into ag, £ 16 0.3 ‘E :«_:’ —
electrical energy E E 12 0.2 % 3 §
¢ Positipned centrally in the system, % %>,3 3 —Thermal Energy (QWh_tR) | .1 %p- % =3
covering 100 cm? | s 4 =Electric Energy (kWh_el) = i
¢ Made from advanced materials to ensure - 0 0.0
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high efficiency in energy conversion

Conclusions

¢ Supports European renewable energy goals focused
on flexibility and dispatchability.
¢ Solar-to-thermal and thermal-to-electric conversion
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