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Abstract 

Improving the thermal conductivity of heat transfer fluids (HTFs) is critical for the performance 

of energy storage systems, particularly in concentrated solar power (CSP) plants. Nanoparticle 

doping has emerged as an effective method to enhance the thermal properties of HTFs. This short 

communication reviews recent progress in the use of nanoparticles such as Al₂O₃, TiO₂, and 

carbon-based nanomaterials to improve HTF efficiency. The findings indicate that even at low 

concentrations, nanoparticles can significantly boost the thermal conductivity of base fluids, 

optimizing energy storage and transfer in solar thermal applications. 
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Introduction 

Energy storage and transfer are pivotal in the performance and efficiency of renewable energy 

systems, particularly in CSP plants where HTFs play an essential role. Traditional molten salts and 

other HTFs often suffer from suboptimal thermal conductivity, limiting their ability to store and 

transfer heat efficiently. Nanoparticle doping has been identified as a promising technique to 

address this limitation, enhancing the heat transfer capabilities of HTFs. 

This communication focuses on recent research exploring the impact of different types of 

nanoparticles on the thermal properties of HTFs and discusses the implications for future CSP 

applications [1-11]. 

Mechanism of Nanoparticle Doping 

Nanoparticle doping involves the dispersion of nanoscale particles within a base fluid to improve 

its thermal conductivity. The mechanism through which nanoparticles enhance thermal 

conductivity is multifaceted, involving: 

• Increased Surface Area: Nanoparticles provide a high surface area for heat transfer. 

• Enhanced Brownian Motion: Nanoparticles exhibit rapid, random movement that 

promotes energy exchange at the molecular level. 

• Thermal Percolation Pathways: The formation of thermal bridges between particles 

enhances heat transfer throughout the fluid. 
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Recent Findings 

1. Al₂O₃ Nanoparticles: Research by Ayinla et al. (2024) demonstrated that doping 

quaternary nitrate salt mixtures with Al₂O₃ nanoparticles enhanced the thermal 

conductivity by up to 15% at a 1% volume fraction. This improvement directly translates 

to more efficient heat storage and reduced thermal losses during CSP plant operation. 

2. TiO₂ Nanoparticles: Yasinskiy et al. (2018) highlighted the effectiveness of TiO₂ 

nanoparticles, showing a notable 20% enhancement in thermal conductivity when added 

to molten salt HTFs. The study emphasized the stability of these particles at high operating 

temperatures, making them ideal for CSP applications. 

3. Carbon-Based Nanomaterials: Graphene and carbon nanotubes (CNTs) have emerged as 

leading candidates due to their superior thermal conductivity. Even at lower concentrations 

(0.1–0.5%), these materials significantly boost the heat transfer capabilities of base fluids 

without adversely impacting viscosity. 

Discussion 

The addition of nanoparticles to HTFs can substantially improve the efficiency of energy storage 

systems. However, the choice of nanoparticle type, size, and concentration is crucial for 

maximizing thermal conductivity without affecting other properties such as fluid stability and 

viscosity. Challenges remain in achieving uniform nanoparticle dispersion and preventing 

agglomeration, which can impair performance over time. 

The long-term impact of nanoparticle-enhanced HTFs includes reduced operational costs and 

improved energy capture and storage in CSP plants. Future research should focus on optimizing 

nanoparticle formulations and understanding the interactions between nanoparticles and base 

fluids at a microscopic level. Additionally, addressing potential issues like corrosion, compatibility 

with existing systems, and cost-effectiveness will be key to widespread adoption. 

Conclusion 

Nanoparticle doping presents a transformative approach to enhancing the thermal conductivity of 

HTFs for energy storage applications. Materials like Al₂O₃, TiO₂, and carbon-based nanoparticles 

have demonstrated significant improvements in heat transfer properties, making them highly 

promising for CSP plants. Continued exploration into the optimal conditions for nanoparticle use 

will support the development of more efficient, reliable, and sustainable energy storage solutions. 

 

Reference 

[1] Yasinskiy, A., Navas, J., Aguilar, T., Alcantara, R., Gallardo, J. J., Sánchez-Coronilla, A., & Fernández-Lorenzo, C. (2018). Dramatically 

enhanced thermal properties for TiO2-based nanofluids for being used as heat transfer fluids in concentrating solar power 

plants. Renewable energy, 119, 809-819. 



 

Preprint 

 

3 
 

[2] Kwasi-Effah, C. C., Egware, H. O., Obanor, A. I., & Ighodaro, O. O. (2023). Development and characterization of a quaternary nitrate 

based molten salt heat transfer fluid for concentrated solar power plant. Heliyon, 9(5). 

[3] Kenda, E. S., N’Tsoukpoe, K. E., Ouédraogo, I. W., Coulibaly, Y., Py, X., & Ouédraogo, F. M. A. W. (2017). Jatropha curcas crude oil 

as heat transfer fluid or thermal energy storage material for concentrating solar power plants. Energy for Sustainable Development, 40, 

59-67. 

[4] Kwasi-Effah, C. C., Unuareokpa, O., Egware, H. O., Ighodaro, O., Obanor, A. I., Onoche, U., & Achebo, J. (2024). Enhancing thermal 

conductivity of novel ternary nitrate salt mixtures for thermal energy storage (TES) fluid. Progress in Engineering Science, 1(4), 100020. 

[5] Kwasi-Effah, C. C., Ighodaro, O., Egware, H. O., & Obanor, A. I. (2022). Characterization and comparison of the thermophysical 

property of ternary and quaternary salt mixtures for solar thermal power plant applications. Results in Engineering, 16, 100721. 

[6] Kwasi-Effah, C. C., Ighodaro, O. O., Egware, H. O., & Obanor, A. I. (2023). Recent progress in the development of thermal energy 

storage mediums for solar applications. J. Eng. Dev, 15(1), 146-170. 

[7] Egware, H. O., & Kwasi-Effah, C. C. (2023). A novel empirical model for predicting the carbon dioxide emission of a gas turbine power 

plant. Heliyon, 9(3). 

[8] Kwasi-Effah, C. C. (2024). Heat Transfer Fluids in Solar Thermal Power Plants: A Review. NIPES-Journal of Science and Technology 

Research. 

[9] Kwasi-Effah, C. C., & Rabczuk, T. (2018). Dimensional analysis and modelling of energy density of lithium-ion battery. Journal of 

Energy Storage, 18, 308-315. 

[10] Ayinla, R. D., Kwasi-Effah, C. C., & Egware, H. O. (2024). Thermal Conductivity Enhancement of Quaternary Nitrate Salt Mixtures 

for Thermal Energy Storage with Al₂O₃ Nanoparticle Doping. NIPES-Journal of Science and Technology Research, 6(3). 

[11] Kwasi-Effah, C. C., Ighodaro, O., Egware, H. O., & Obanor, A. I. (2022). A novel empirical model for predicting the heat accumulation 

of a thermal energy storage medium for solar thermal applications. Journal of Energy Storage, 56, 105969. 

 

 


