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Exergy Assessment and Thermo-Economic Analysis of Hybrid Solar Systems with 
Seasonal Storage and Heat Pump Coupling in the Social Housing Sector in Zaragoza
Authors: Amaya Martínez-Gracia, Sergio Usón, Mª Teresa Pintanel, Javier Uche, 
Ángel A. Bayod-Rújula and Alejandro Del Amo

Abstract: A real case study of an energy system based on a Solar Assisted 
Heat Pump (SAHP) fed by hybrid photovoltaic-thermal solar panels (PVT) 
and seasonal storage (SS) is presented in this paper. Exergy and exergy cost 
analyses are proposed as complementary methods for the assessment 
and better understanding of the efficiency of this cogeneration solar 
configuration. The system performance takes advantage of storage heat 
in summer, when the solar resource is high in Spain, and is then later 
consumed during the cold winter (heating season). The building is devoted to social housing, and it is currently 
under construction. The assessment is based on simulations developed using TRNSYS, a dynamic simulation 
software for energy systems. Results show that the unit exergy cost of the solar field is around 6. The cost of 
the seasonal storage is higher, about 13, and its formation is affected both by its own irreversibility and by the 
irreversibility of the PVT solar field. The cost of the heat delivered by the heat pump is around 15, being affected 
by all the upstream units and even by the grid. Besides, the analysis points out strategies for improving the 
system efficiency, such as increasing the size of the storage tank or improving the control strategy of the boiler.

DOI: 10.3390/en13112711

Evaluation and Optimization of a Two-Phase Liquid-Immersion Cooling System for Data 
Centers
Author: Cheng Liu and Hang Yu

Abstract:  An efficient cooling system for data centers can boost the working 
efficiency of servers and promote energy savings. In this study, a laboratory 
experiment and computational fluid dynamics (CFD) simulation were 
performed to explore the performance of a two-phase cooling system. The 
coefficient of performance (COP) and partial power usage effectiveness 
(pPUE) of the proposed system was evaluated under various IT (Information 
Technology) loads. The relationship between the interval of the two 
submerged servers and their surface temperatures was evaluated by CFD 
analysis, and the minimum intervals that could maintain the temperature of 
the server surfaces below 85 °C were obtained. Experimental results show that as server power increases, COP 
increases pPUE decreases. In one experiment, the COP increased from 19.0 to 26.7, whereas pPUE decreased 
from 1.053 to 1.037. The exergy efficiency of this system ranges from 12.65% to 18.96%, and the tank side 
accounts for most of the exergy destruction. The minimum intervals between servers are 15 mm under 1000 
W of power, 20 mm under 1500 W, and more than 30 mm under 2000 W and above. The observations and 
conclusions in this study can be valuable references for the study of cooling systems in data centers.
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Section Information:

Thermal Management is the ability to control the 
temperature of a system by means of Technology based 
on Thermodynamics, Fluid Dynamics and Heat and Mass 
Transfer. The phrase Thermal Management is therefore 
describing all possible means and processes like 
conduction, convection, boiling, condensation, radiation, 
etc. to increase or decrease the temperature and/or the 
temperature distribution of a specified system. This 
Section applied novel research about the development 
and demonstration of components, equipment, 
technologies and systems involving thermal processes for 
the production, storage, utilization, and conservation of 
energy and thermal devices for the transport of heat or 
insulation. Example topics include:

Components and Equipment: heat exchangers; heat 
pumps and refrigeration plants; heat pipes; heat transfer 
enhancement et al.

Thermofluids: fluid dynamics; thermodynamics; CFD; 
twophase/multiphase flows et al.

Physical Phenomena and Analysis: boiling; condensation 
et al.

Renewable and Clean Energy Technologies: solar thermal 
power plants; waste heat recovery; thermal management 
of fuel cells and batteries et al.

Other Thermal Systems/Assessments: HVAC; thermal 
diodes; thermoelectric effect; vapour chambers; thermal 
economy.
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DOI: 10.3390/en14071958

Zeolite NaY-Copper Composites Produced by Sintering Processes for Adsorption Heat 
Transformation—Technology, Structure and Performance
Authors: Andreas Velte1, Jörg Weise, Eric Laurenz, Joachim Baumeisterm and Gerrit Füldner

Abstract: In adsorption heat pumps, the adsorbent is typically combined 
with heat conducting structures in order to ensure high power output. 
A new approach for the direct integration of zeolite granules into a 
copper structure made of short copper fibers is presented here. Zeolite 
NaY granules with two different grain sizes are coated with copper fibers 
and powder and sintered to larger structures. The sorption dynamics 
of these structures were measured and evaluated in terms of heat and 
mass transfer resistances and compared to the loose grain configuration of the same material. We found that 
the thermal conductivity of such a composite structure is approximately 10 times higher than the thermal 
conductivity of an adsorbent bed with NaY granules. Sorption equilibrium measurements with a volumetric 
method indicate that the maximum uptake is not altered by the manufacturing process. Furthermore, the 
impact of the adsorbent–metal structure on the total thermal mass of an adsorption heat exchanger is 
evaluated. The price of the superior thermal conductivity is a 40% higher thermal mass of the adsorption 
heat exchanger compared to the loose grain configuration.

DOI: 10.3390/en14061771

High Efficiency of the Removal Process of Pb(II) and Cu(II) Ions with the Use of Fly Ash 
from Incineration of Sunflower and Wood Waste Using the CFBC Technology
Authors: Tomasz Kalak, Ryszard Cierpiszewski and Małgorzata Ulewicz

Abstract: In these research studies, fly ash (SW-FA) resulting from the 
incineration of sunflower (20%) and wood (80%) waste employing the 
circulating fluidized bed combustion (CFBC) technology was used to 
analyze the possibility of removing Pb(II) and Cu(II) ions in adsorption 
processes. Currently, great emphasis is placed on circular economy, zero 
waste or climate neutrality strategies. The use of low-cost SW-FA waste 
seems to fit well with pro-ecological, economic and energy-saving trends. 
Hence, this material was characterized by various techniques, such as 
granulation analysis, bulk density, SEM-EDX, XRD and XRF analysis, BET, BJH, thermogravimetry, zeta potential, 
SEM morphology and FT-IR spectrometry. As a result of the conducted research, the factors influencing the 
effectiveness of the adsorption process, such as adsorbent dosage, initial and equilibrium pH, initial metal 
concentration and contact time, were analyzed. The maximum removal efficiency were achieved at the level 
of 99.8% for Pb(II) and 99.6% for Cu(II), respectively. The kinetics analysis and isotherms showed that the 
pseudo-second-order equation and the Freundlich isotherm models better describe these processes. The 
experiments proved that SW-FA can act as an appropriate adsorbent for highly effective removal of lead and 
copper from wastewater and improvement of water quality.
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