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Abstract
This special issue aims to provide novel research in the fields of renewable and low-carbon energy provision, energy efficiency and energy storage presented at the conference “Alternative energy sources, materials and technologies” (AESMT’24). The conference was held in Sofia, Bulgaria on the 14th and 15th of May 2024. The conference was attended by representatives of 23 countries (Bulgaria, Canada, China, Cuba, Cyprus, France, Germany, Greece, India, Israel, Italy, Kazakhstan, Kosovo, Lithuania, Moldova, Poland, Portugal, Romania, Russia, Serbia, Spain, Turkey, United Kingdom). A total of 92 articles was presented at the event, of which 63 were oral presentations and the rest posters. Following preliminary review, 22 articles were selected for submission to this special of Applied Thermal Engineering.
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State-of-the-art and special issue contributions
The following is a brief presentation of the selected articles included in this Special Issue. Each article is briefly discussed in order to highlight individual contributions to respective research areas, and as evidence of the high quality of the research presented at the AESMT'24 conference.
In Ref. [1], the charging and discharging behaviour of a thermochemical composite material consisting of vermiculite and CaCl2 was assessed in a series of experimental tests, performed with samples of different sizes. With the aim of aiding the design of an innovative thermal energy storage prototype in the context of the European project “ECHO”, this research investigated signs of degradation of the selected material over the course of the experimental testing. First, the material was synthesized, and a thermogravimetric analysis was conducted to estimate the temperatures and absolute humidities characterising the onset of the different hydration and dehydration steps of CaCl2. Then, a thermobalance was employed to perform consecutive dehydration tests. Finally, ten cycles including discharging and charging phases were investigated using a small, laboratory-scale arrangement, consisting of an open circuit with recirculation. Results demonstrated that temperatures higher than 100 °C are required to reach the anhydrous state at an absolute humidity equal to 7.3 g/kg of dry air. Moreover, degradation of the material was assessed in the last four cycles, showing that the adsorption rate decreases by 20 %. This degradation can be attributed to the reduced porosity of the material in the last cycles, which would act to slow the air passing through the material bed. The findings of this research provide relevant insights into the behaviour of vermiculite-CaCl2 composites as candidates for thermochemical adsorption energy storage, thus contributing to the development and deployment of these systems.
Solar photovoltaic-thermal (PVT) collectors are capable of converting solar radiation into electrical and thermal energy simultaneously, and with high overall efficiency. Ref. [2] presents a solar district heating system that combines a PVT collector field with a large pit thermal energy store. The system supplies heat to a virtual community located in Lhasa, with a total heating area of just over 7800 m². The pit volume is 36,000 m³ and the collector area is between 9,000 and 13,000 m². The study focuses on the performance of the system, including the possibility of replacing normal PVT collectors with spectrally selective PVT collectors that exhibit less radiative loss due to lower emissivity. Simulation results indicate that the solar fraction increases from 77 % to 81 % and that the net generated electrical energy of the system increases by 160 MWh when the collector area is 12,000 m². If the system is designed based on the same desired solar fraction of 78 %, the required collector area can be reduced by 27 %, which is about 3,500 m². Further, the material cost of the spectrally selective coating can be recovered within about 1.5 years. The inclusion of spectral selectivity brings many benefits to the system, but parametric analysis reveals that higher PV cell efficiencies should still be prioritized when selecting PVT collectors for application.
Rotary air preheaters are commonly used in large-scale utility boilers (over 350 MW), but such units will operate at low loads during deep peaking, which detrimentally affects operational efficiency. To avoid this challenge, integrally-moulded, double-sided spiral finned (IDSF) tubes can be used in parallel with the rotary air preheaters and with high thermal-hydraulic performance, however, despite their importance for long-term and efficient operation, the ash deposition and wear performance of IDSF tubes, which can be simplified to circular-finned (IDCF) tubes for simulation, are unclear. Ref. [3] establishes a multi-field coupled numerical model to describe the flow, heat transfer, ash deposition, and wear performance of in-line and staggered IDCF tube bundles with high thermal-hydraulic performance obtained by matching the thermal resistance inside and outside of the tubes. The effects of gas velocity, different structures and arrangement parameters, particle diameters and particle flow rates on the ash deposition and wear performance of air preheaters during deep peaking are examined. The results show that the JF factors of different tube bundles decrease with the increase of inlet velocity. With the increase of particle diameter, the ash deposition mass of the different tube bundles decreases sharply while the wear mass increases, and the wear mass of the staggered tube bundles increases significantly. Tube L16 exhibits excellent thermal-hydraulic performance and its wear mass at the same inlet velocity is the lowest. Its ash deposition mass is higher but of the same order of magnitude compared to that of a smooth tube. This research provides important guidance and reference for the design and optimization of tubular or parallel air preheaters.
Air quality in buildings directly impacts both health and comfort. The diffusion of pollutants within buildings is influenced by temperature and concentration gradients, leading to a temperature-concentration double diffusion effect. Ref. [4] employs a combination of experimental methods based on particle image velocimetry (PIV) and planar laser induced fluorescence (PLIF) methods, alongside direct numerical simulations (DNSs), to investigate the transport mechanisms and ventilation efficiency of jet ventilation in environments where temperature and concentration coexist. The findings indicate that across ventilation can significantly enhance energy utilization efficiency and air quality. The ventilation efficiency decreases with increasing temperature differences, but improves at higher air supply intensities (velocities) and pollutant concentrations. An optimal Reynolds number value balances the interaction between double diffusion effects and flow velocity. The article offers a theoretical foundation for optimizing ventilation design in buildings, thereby improving air quality, and achieving energy savings and pollution reductions.
Among the many options for sensible, latent and thermochemical thermal energy storage (TES), thermochemical materials (TCMs), with their very long storage durations, are emerging as a particularly promising component of technological pathways for achieving the EU’s 2050 target of net-zero emissions. A novel TES solution using TCMs and phase change materials (PCMs) for space heating and cooling is being developed within the Horizon Europe project “ECHO”, and is presented in Ref. [5]. A TRNSYS model able to simulate the prototype in dynamic mode at system scale was developed to optimise the installation and testing of the prototype. Experimental data from a small-scale reactor were used to define the equations describing the charging and discharging phases of the TCM, which were implemented in the reactor model. The ability of the TCM to increase the efficiency of the system within which it is adopted was investigated focusing on the heating period. A TCM-integrated heat pump system showed an 8.8 % reduction in seasonal electricity consumption compared to the system without the TCM, while the seasonal COP showed an improvement from 3.4 to 3.8. The evaluation of the thermal contribution provided by TCM combined with PCM highlights that the two TES systems are able to cover about 10 % of the heating energy demand, with the PCM accounting for almost 50 % of the TCM contribution.
The main contribution of Ref. [6] is to present a methodology for the optimal multi-criteria tuning of commercial PID controllers (more complex and with more parameters than those used in previous research) applied to the control of multivariable processes with interacting control loops. The goal in this study is to obtain a tuning that achieves, with the lowest possible energy consumption, the desired behaviour of the controlled variables. The methodology, based mainly on the adequate modelling of the control system, the choice of the optimization algorithm and the construction of an appropriate cost function, is applied in a case study of tuning of controllers for an air handling unit (AHU) that air-conditions clean rooms in a biopharmaceutical industry. This research also provides a comparison between different cost functions based on performance indices used in the literature. The performance indices are adapted to the case of controlling one variable with two setpoints and a cost function is proposed that achieves better results in the case study addressed than other cost functions used in previous works. The methodology is validated in a real simulation scenario, in which the behaviour of the control system when applying the calculated optimal tuning is compared with the behaviour of the control system with the current tuning, showing that optimal tuning reduces the energy consumption by 67 kW/h, consuming 23 % less energy than the current tuning. Additionally, the ITSE performance indices were reduced by almost 100 %, and 76 % for relative humidity and supply air temperature, respectively, indicating much better setpoint tracking.
Ref. [7] investigates the potential of eutectic salt-water solutions as phase change materials (PCMs) in cooling thermal energy storage (CTES) systems, with a focus on residential applications under the Horizon Europe “ECHO” project. The research addresses the pressing need for sustainable, compact, and efficient TES systems to reduce emissions and improve energy efficiency in alignment with EU climate objectives. Among the evaluated PCMs, a Na2CO3/H2O eutectic solution, enhanced with graphite, demonstrated excellent performance, achieving a 78 % increase in thermal conductivity in the liquid phase and a 55 % improvement in the solid phase compared to the base solution, while maintaining a strong latent heat of melting (~280 kJ/kg) and low subcooling (~2 K). Comprehensive experimental tests, including differential scanning calorimetry (DSC) and transient plane source (TPS) analysis, were employed to characterize the thermophysical properties of the PCMs. These techniques ensured precise measurements of the latent heat, specific heat capacity, and thermal conductivity, with uncertainties of ± 2 % and ± 5 % for the DSC and TPS measurement data, respectively. Comparative analysis of the custom-made Na2CO3/H2O solution with graphite and two commercial PCMs highlighted the advantages of the custom formulation, particularly in terms of reactivity and thermal conductivity, making it a strong candidate for CTES integration. This work provides significant contributions to the understanding of the thermophysical properties of eutectics, a critical yet relatively unexplored area, and sets the stage for the practical implementation of advanced LTES systems. The findings emphasize the importance of precise experimental characterization for accurate modelling and system optimization, laying the foundation for future efforts in scaling and deploying full-scale CTES systems in energy-efficient residential applications.
Radiant floor heating systems (RFHSs) provide a superior indoor thermal comfort environment compared to other exist heating methods. Recently the integration of phase change materials (PCMs) within underfloor heating structures has demonstrated potential to reduce operating costs and enhance thermal comfort by enabling a faster heating response during the heating period. In domestic buildings, air-source heat pumps (ASHPs) are recognised as a highly efficient heating technology, and being are increasingly adopted to meet heating and cooling demands while contributing to emission reduction targets. Ref. [8] focuses on leveraging ASHPs to supply heat for PCM-enhanced RFHSs, introducing an improved heating method for residential buildings that responds to the heat demand, while reducing the ASHP power consumption. This research aims to advance our current understanding and establish a foundation for future studies on sustainable and efficient heating technologies for building applications, specifically by investigating a novel sustainable and highly efficient thermal energy retention system that features laboratory engineered composite PCMs integrated into RFHSs powered by ASHPs in the context of responding to both current and future heating demands in the UK. The study examines the impact of system configuration, constituent materials and design parameters on the thermal and energy performance of RFHSs incorporating composite PCMs with enhanced expanded graphite (PCM-EG). The results show that PCM-EG used as thermal mass in RFHSs can achieve a 37 % higher heat retention capacity compared to systems utilising a metal mesh. Additionally, PCM-EG combined with copper powder maintains the floor surface temperature 0.7 °C higher than PCM-EG alone, further reducing the power consumption of the ASHP.
Multiple discrete heat and pollution sources have a significant impact on the thermal comfort and indoor environment of naturally ventilated offices. Based on the heat-mass coupling mechanism, computational fluid dynamics (CFD) simulations combined with measurements were used in Ref. [9] to evaluate the influencing factors such as equipment load, inlet air temperature and ventilation strategy. Furthermore, key indicators such as air diffusion performance index (ADPI), air exchange efficiency (AEE) and pollutant removal rate (PRR) were quantified to analyse the thermodynamic coupling relationship between indoor airflow, temperature field and pollutant concentration field. The results show that from the perspective of heat transfer, when the indoor temperature is significantly higher than the outdoor temperature (by 4 °C), buoyancy-driven natural convection dominates the flow, enhancing air exchange while causing uneven temperature distribution that can reduce thermal comfort. Under strong buoyancy, pollutants such as CO2 rise with the warm air, leading to clear stratification in the upper part of the room. In contrast, a slight negative temperature difference (e.g., -2 °C) causes cold air to sink, which suppresses natural convection. This results in localized heat accumulation, air stagnation, and the buildup of pollutants near the floor. From a mass transfer perspective, the heat output from equipment primarily affects the temperature field and has minimal impact on airflow velocity. Global sensitivity analysis (GSA) identifies the temperature difference as the primary factor influencing thermal comfort (PMV), followed by CO2 concentration. Moreover, the combined effect of door and window openings contributes up to 68 % of the PRR, emphasizing the importance of balanced ventilation to maintain effective diffusion. The research results provide a scientific basis for optimizing thermal comfort and pollutant control in natural ventilation environments.
Increasing the proportion of renewable energy in the energy system helps promote energy conservation and emission reductions worldwide. In the field of building energy conservation, the use of solar energy to drive green air-conditioning systems is a hot research topic. One option involves the use of solar-driven LiBr-H2O absorption cooling systems. Due to the intermittency of the solar irradiance, a solar-driven system cannot operate continuously and stably. Ref. [10] presents and discussed results from an analysis made based on two kinds of solar-driven systems, namely a traditional absorption cooling system, and a more novel alternative which is referred to as a capacitive deionization (CDI) absorption cooling system. Different energy storage solutions are also proposed for absorption systems and compared in terms of energy storage density (ESD) and efficiency (ESE). The CDI unit in a CDI system operates similarly to a double-layer capacitor, and the ions adsorbed on the electrodes can be used to concentrate the absorbent solution in the system to obtain the refrigeration potential. The results show that the main advantage of supercapacitor energy storage over concentration difference energy storage is the consumption of only one-tenth of the energy storage solution and a high ESD, leading to lower costs. However, the low efficiency of photovoltaic (PV) cells limits its energy storage performance. A combined solar thermal and PV system utilizing waste heat from PV cells is an effective solution in this context. With a coefficient of performance (COP) between 0.56 and 0.59 on the design day, and an ESE of up to 0.586, the system exhibits the strongest solar energy utilization and storage capability.
The articles presented above were presented at the conference “Alternative energy sources, materials and technologies” (AESMT’24) held in Sofia, Bulgaria on the 14th and 15th of May 2024, attended by representatives of 23 countries (Bulgaria, Canada, China, Cuba, Cyprus, France, Germany, Greece, India, Israel, Italy, Kazakhstan, Kosovo, Lithuania, Moldova, Poland, Portugal, Romania, Russia, Serbia, Spain, Turkey, UK). Collectively, the articles selected for this Special Issue present important contributions to the areas of renewable and low-carbon energy provision, energy efficiency and energy storage, and promote the advancement of relevant technologies, including the development of more efficient equipment and tools for design and simulation. 
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