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Explore the differences between traditional sand-salt thermal storage and graphene-coated sand systems, comparing thermal
conductivity, storage capacity, and efficiency for heat input and output.
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Performance Comparison of Graphene-Coated Enhanced Sand vs. Sand-Salt Thermal Batteries

Thermal energy storage systems based on sand and salt are gaining interest as low-cost solutions for grid-scale and industrial heat storage. But as industries demand faster charging and discharging
cycles, new materials are being introduced to improve performance. One such enhancement involves coating sand with graphene—a material known for its exceptional thermal conductivity.

This article compares the thermal performance of a traditional sand-salt battery to that of a graphene-coated sand system, focusing on heat input/output speed (thermal conductivity) and total energy
stored (thermal capacity) per cubic meter.

Thermal Conductivity: Speed of Heat Transfer

Sand-salt systems have a thermal conductivity in the range of 0.25 to 1.0 W/m-K, meaning heat enters and exits slowly, especially in large volumes. This limits how fast energy can be delivered to or
extracted from the system.

In contrast, graphene-coated sand can reach thermal conductivities between 5 and 20 W/m-K, depending on coating density and uniformity. This allows the material to distribute heat much more
efficiently, reducing thermal gradients and dramatically shortening charge and discharge cycles.

Conclusion:
Graphene-coated sand offers a 5 to 20-fold increase in heat transfer performance, making it ideal for applications requiring rapid thermal cycling.

Thermal Capacity: Amount of Heat Stored

The thermal storage capacity of both materials is similar, because the specific heat of graphene is negligible compared to the bulk material. Sand and salt mixtures typically hold 200 to 300 kWh of
heat per cubic meter, depending on composition and temperature range (e.g. 25°C to 500°C).

Graphene coatings do not reduce this capacity significantly, maintaining a comparable energy density per unit volume.

Conclusion:
Both systems store similar amounts of heat, but graphene-coated sand allows that heat to be delivered faster and more evenly.

Application-Specific Advantages

| Use Case | Best Option |
| |

I I
| Long-term, low-cost thermal storage | Sand-Salt System |
| High-rate charging/discharging | Graphene-Coated Sand |
| Efficient coupling with heat engines | Graphene-Coated Sand |
| Budget-sensitive deployments | Sand-Salt System |

Graphene-coated systems are particularly suited to powering high-efficiency Organic Rankine Cycle turbines, industrial drying processes, or any setup requiring frequent heating and cooling.

Practical Considerations
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