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Abstract: - In refrigeration technology, combining adsorption principles with solar energy applications represents a vanguard of 

innovation. This abstract encapsulates the synergistic integration of these two domains, presenting a succinct overview of their 

unification. Adsorption refrigeration systems, powered by solar energy, exemplify an innovative approach to sustainable cooling 

solutions. Meticulously engineered to harness the inexhaustible power of the sun, these systems eschew traditional compressor-based 

methodologies, ushering in a new era of environmentally conscientious refrigeration. Solar dryers, integral to this green revolution, 

utilize solar energy to effectively dry agricultural products, enhancing food preservation while reducing energy consumption. This 

abstract navigates through the intricate intricacies of adsorption refrigeration technology and solar dryers, elucidating their 

multifaceted applications within the solar energy paradigm. From elucidating fundamental principles to delineating cutting-edge 

advancements, this discourse serves as a beacon for researchers and practitioners alike, embarking on a journey towards greener, more 

efficient refrigeration and drying solutions. 
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I.  INTRODUCTION  

In the domain of refrigeration, the combination of solar energy with adsorption technology marks a 

paradigmatic shift towards sustainable cooling solutions. Solar Thermal Powered Adsorption Refrigeration 

Systems (STPARS) epitomize this synthesis, proffering a pioneering approach to refrigeration that capitalizes on 

the copious and renewable energy of the sun. These systems harness the tenets of adsorption to achieve 

refrigerative effects, utilizing solar thermal energy as their primary power source. 

The STPARS function operates on the principle of adsorption, where a solid adsorbent material selectively 

sequesters and releases refrigerant molecules, thereby producing refrigerative effects. At the core of these systems 

resides the adsorption chiller, where the adsorbent material undergoes cyclic loading and unloading processes to 

manifest refrigeration effects. Solar energy, captured through solar collectors or concentrators, provides the 

necessary thermal input to drive these processes, endowing STPARS with inherent eco-friendliness and 

sustainability. 

The operation of STPARS can be broken down into several key stages. Solar collectors or concentrators 

initially capture sunlight and convert it into thermal energy, which is subsequently conveyed to the adsorption 

chiller. Within the chiller, the adsorbent material adsorbs refrigerant vapor at low temperatures and desorbs it at 

high temperatures, producing refrigerative effects. This process is iterative, with the adsorbent material 

undergoing recurrent loading and unloading cycles to perpetuate continuous refrigeration output. 

Numerous factors impinge upon the performance and efficiency of STPARS. The selection of adsorbent 

material, its surface area, and pore structure assume pivotal roles in determining the system's refrigeration capacity 

and energy efficiency. Additionally, the design of solar collectors or concentrators, along with the incorporation 

of heat exchangers and other ancillary components, affects the overall performance of the system. Research and 

development endeavors in the realm of STPARS have been focused on enhancing system efficiency, refining 

component design, and exploring new adsorbent materials. Scholars and researchers worldwide have contributed 

to the advancement of this technology through theoretical investigations, experimental studies, and numerical 

simulations. 

Seminal research by luminaries such as Wang RZ, Tchernev DI, and Mayor has elucidated the underpinnings 

of STPARS and explored sundry design configurations and operational stratagems. Studies have examined the 

performance characteristics of various adsorbent materials, analyzed heat and mass transfer phenomena within 
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the chiller, and adjusted system parameters to achieve maximum efficiency. Strides in system integration, control 

algorithms, and heat management methodologies have bolstered the performance and reliability of STPARS. 

Collaborative research initiatives among academic institutions, industrial collaborators, and governmental entities 

have propelled the development and commercialization of STPARS, paving the way for their widespread adoption 

as sustainable cooling solutions. 

In summary, Solar Thermal Powered Adsorption Refrigeration Systems epitomize leading-edge technology 

with vast potential for meeting the growing demand for sustainable refrigeration solutions. Through ongoing 

research and innovation, STPARS is poised to revolutionize how we cool residences, commercial establishments, 

and communities, heralding a new epoch of eco-friendly and energy-efficient refrigeration. 

The exploration of silica gel-water adsorption chillers has yielded significant advancements in refrigeration 

technology. Wang et al.'s comprehensive studies, divided into design and performance prediction (Part I) and 

experimental investigation (Part II), provide valuable insights into the development and validation of novel 

adsorption cooling systems.  

Further research by Chen et al. has focused on integrating silica gel-water adsorption chillers with closed wet 

cooling towers, highlighting the potential for enhanced efficiency and performance through innovative system 

configurations. Their work also extends to the design and experimental study of compact adsorption chillers 

without vacuum valves, demonstrating the feasibility of simplified yet efficient cooling solutions. 

 
1. Figure 1 Solar Cooling Systems  

Additionally, investigations into multi-stage, multi-bed regenerative adsorption chillers by Saha et al. underscore 

the complexity and versatility of adsorption refrigeration technologies. These dual-mode systems offer flexibility 

and adaptability, catering to a wide range of cooling needs and operating conditions.  

The application of solar energy to drive silica gel-water adsorption air conditioning, as analyzed by Lu et al., 

represents a significant step towards sustainable cooling solutions. Their analysis provides valuable insights into 

the performance and feasibility of solar-powered adsorption systems, contributing to the ongoing efforts to 

mitigate environmental impact and reduce reliance on conventional energy sources. 

Moreover, developments such as the solar-thermal Eiserzeuger mit Zeolith-Technik (solar thermal ice generator 

with zeolite technology) by ZeoTech GmbH underscore the growing interest in solar-driven refrigeration 

solutions for various applications, including logistics cooling. 

Collaborative efforts between academia and industry, such as the partnership between Mande et al. and ZeoTech 

GmbH, exemplify the interdisciplinary approach to developing advanced solar-hybrid adsorption cooling 

systems. These collaborations leverage scientific expertise and technological innovation to address real-world 

challenges, such as India's decentralized storage of agricultural products. 

Integration enhances thermal efficiency in hybrid photovoltaic-thermal (PVT) solar dryers, as investigated by 

Erdem et al. [18], both with and without fins. Matavel et al. [19] found improvements in thermal efficiency and 

product quality compared to open sun drying in their evaluation of a passive indirect solar dryer for drying 

amaranth and maize grains. 
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Figure 2. Line diagram of solar adsorption chiller 

 

Heating & Desorption Cycle: 

In this cycle, the primary objective is to elevate temperature and trigger desorption processes. This involves 

applying heat to facilitate the release of adsorbed substances. The elevated temperature induces a desorption 

phase, where substances previously adsorbed are released from the adsorbent material. This cycle is crucial for 

efficiently operating systems reliant on adsorption principles, particularly in heat-driven processes. 

 

Cooling & Adsorption Cycle: 

Contrarily, the focus shifts to lowering temperature and inducing adsorption processes in the cooling and 

adsorption cycle. This involves removing heat to enable the adsorption of substances onto the adsorbent material. 

By reducing temperature, the adsorbent material becomes more receptive to capturing substances from the 

surrounding environment. This cycle is crucial in achieving cooling effects within adsorption-based systems, 

playing a pivotal role in various applications that require temperature control. 

Sections 1 and 2 of the research cover technology, drying principles, performance indicators, and various types 

of solar dryers. Section 3 provides a detailed look at photovoltaic systems, measurement devices, and the 

installation of sun-drying systems. Section 4 covers geometric parameters, operational conditions, CFD 

simulation studies, and factors affecting sun drying efficiency. 

 

 
                                  (a)                                                                    (b)                                       

 
(c) 

Figure 3. a. Authors Vs Research work b.Number of Authors Vs Country c. Number of Authors Vs Country % 
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II. MATERIALS AND METHODS 

2.1 Techniques and Technology for Different Solar Thermal-Powered Adsorption Refrigeration Systems 

In the realm of Solar Thermal Powered Adsorption Refrigeration Systems, various techniques and 

technologies are employed to enhance performance and efficiency. These encompass a spectrum of 

methodologies tailored to suit different operational requirements and environmental conditions. The nuances of 

these approaches highlight the intricate tapestry of technological innovation within the domain. Solar Thermal 

Powered Adsorption Refrigeration Systems employ various methodologies to optimize system performance and 

functionality. These encompass meticulous design considerations, innovative heat management strategies, and 

precision-engineered componentry. Moreover, advancements in material science and thermodynamic modeling 

have catalyzed the evolution of these systems, enabling enhanced efficiency and operational flexibility. 

At the core of these systems lie the foundational principles of adsorption refrigeration, wherein solid 

adsorbent materials selectively capture and release refrigerant molecules to achieve cooling effects. Techniques 

such as zeolite-water pairs, silica gel-water pairs, and activated carbon-ammonia pairs exemplify the diverse array 

of adsorption material combinations employed in Solar Thermal Powered Adsorption Refrigeration Systems. 

Each combination offers unique advantages in terms of performance, stability, and environmental impact, thereby 

catering to specific application requirements and operational constraints. 

Technological advancements in heat exchanger design, system integration, and control algorithms have 

augmented the efficacy and reliability of Solar Thermal Powered Adsorption Refrigeration Systems. These 

innovations encompass a spectrum of methodologies, ranging from advanced computational modeling techniques 

to experimental validation protocols, aimed at optimizing system performance and ensuring operational 

robustness in diverse environmental conditions. 

The landscape of Solar Thermal Powered Adsorption Refrigeration Systems is characterized by a tapestry of 

techniques and technologies, each contributing to the broader quest for sustainable and efficient cooling solutions. 

Through meticulous research, innovation, and interdisciplinary collaboration, these systems continue to evolve, 

poised to redefine the refrigeration paradigm in an increasingly eco-conscious world. 

 

2.2 Among several advanced adsorption refrigeration cycles, the relevant technologies are: 

 
Figure 7. Classification of adsorption refrigeration cycle 

a. Heat recovery adsorption refrigeration cycle 

b. Mass recovery adsorption refrigeration cycle 

c. Thermal wave adsorption refrigeration cycle 

d. Convective thermal wave adsorption refrigeration cycle 

e. Multistage and cascading adsorption refrigeration cycle 

f. Hybrid systems 

 

In the realm of cooling marvels, adsorption refrigeration cycles reveal a symphony of thermal dynamics and 

material mastery. From the valorization of residual warmth in the Heat Recovery cycle to the meticulous liberation 

and recapture of gaseous captives in the Mass Recovery iteration, each cycle embodies the artistry of 

thermodynamic finesse. Thermal undulations conduct a celestial ballet in the Thermal Wave variant. At the same 

time, convective currents intertwine with thermal waves in the Convective Thermal Wave rendition, forging a 
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synergy of fluid mechanics and thermodynamics. Meanwhile, the Multistage and Cascading cycle orchestrates a 

crescendo of cooling prowess across sequential tiers, epitomizing the harmonious interplay between complexity 

and efficiency in the refrigerative realm. 

 

a. In this marvel of thermodynamic ingenuity, the warmth, often dismissed as waste, is repurposed as a vital 

resource. Through meticulous orchestration, the residual heat, once squandered, is harnessed to drive the 

adsorption process, bestowing upon us the benefit of refrigeration without the conventional constraints of 

electricity. This cycle embodies the ethos of resourcefulness, where every joule finds purpose and every degree 

Celsius a destiny. 

b. Behold the elegance of this cycle, where no molecule is left unclaimed, no vapor left adrift. With surgical 

precision, the adsorbent material surrenders its captives, yielding cooling and the very essence of its quarry. This 

cycle embodies a symbiosis between function and conservation through judicious extraction and reclamation, 

epitomizing the adage: Waste not, want not. 

c. Herein lies a symphony of temperature gradients, an intricate dance of thermal dynamics. Heat waves propagate 

through the system, orchestrating the delicate ballet of adsorption and desorption. This cycle harnesses the rhythm 

of thermodynamic flux, sculpting cooling efficiency with the finesse of a maestro conducting a celestial orchestra. 

d. Picture, if you will, a tempest of thermal currents, swirling and eddying through the annals of this refrigeration 

marvel. As convective forces intertwine with thermal waves, a synergy of motion and heat ensues, propelling the 

adsorption process to unprecedented heights of efficacy. This amalgamation of convection and thermodynamics 

makes the cycle a testament to the marriage of fluid dynamics and cooling finesse. 

e. In this saga of sequential stages and cascading coolants, complexity finds harmony with efficiency. Each stage 

bequeaths its thermal legacy to the next, building upon the foundation of its predecessor. Through this cascading 

symphony of refrigeration, the cycle scales the heights of cooling prowess, unfurling its potential across a multi-

tiered landscape of thermal equilibrium. 

f. Herein lies the fusion of disparate energies, a confluence of thermal, electrical, and perhaps even sorcerous 

forces. Hybrid systems defy convention, blending the venerable traditions of refrigeration with the avant-garde 

innovations era. A new paradigm emerges through this fusion of methodologies, wherein sustainability meets 

versatility, and tradition embraces transformation. 

 

Table 1. Commercial use of adsorption refrigeration systems 

Application Company/Utilization 

Large cooling capacity adsorption chillers 
Nishiyodo Kuchou Manufacturing (1986), Mayekawa (Japan), 
Mayekawa (Japan) 

Solar adsorption icemaker BLM (France) 

Adsorption chiller 
HIJC (Heat Integrated Joint Companies, USA), Nishikido 
Kuchiki Co. Ltd. (Japan), SorTech AG. (Germany), InvenSor 

GmbH (Germany) 

CCHP (Cogeneration system for cooling, 

heat and power) 

Malteser Hospital in Kamenz (Germany), Macom Company 

(Japan), Tokai Optical Co. Ltd. (Japan) 

Solar thermal freezer Zeotech GmbH (Germany) 

Adsorption chiller aggregates SorTech AG. (Germany) 

Solar-powered silica gel-water adsorption 

air-conditioning system 
Freiburg University Hospital (Germany) 

Solar adsorption air-conditioning system Sarantis S.A. (Greece) 

Locomotive air conditioner Shanghai Railway Bureau (China) 

Adsorption refrigeration system for the 
production of chilled water 

Fishing boat 

Adsorption air-conditioning system – engine 

exhaust gas 
Automobile 

Adsorption air-conditioner Cooling the interior of cockpit in a locomotive 

Adsorption refrigeration cycle Waste heat from a fuel cell electric vehicle 

 

2.5 Stages and Performance Parameters 

The current iteration suffers from drawbacks due to its diminished coefficient of performance and specific cooling 

power. Scholars persistently endeavor to address this challenge by integrating diverse stages and modifying 
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various performance metrics. An illustrative portrayal of the cycles and performance fluctuations is delineated 

herein. 

A. Thermal Recuperation: 

The primary objective of this cycle is the retrieval of heat energy through the inherent temperature differential 

between the absorber and desorber during the transition between the evaporation and condensation phases. The 

energy within the higher-temperature bed is directly transferred to the lower-temperature bed upon passage to the 

absorber and subsequently to the desorber, thereby augmenting pressure during the absorber-to-condenser 

traversal and decreasing pressure (depressurization) during desorption. Cooling water flow into the heated 

adsorber facilitates its heating, subsequently transferring the heated water to the cold desorber for pre-heating. 

The cooling water recirculates, while the hot water bypasses the system, obviating the need for external thermal 

energy during this process. 

 

B. Mass Retrieval: 

The methodology of mass retrieval proves highly effective in augmenting the cooling capacity of the refrigeration 

system, which is the primary objective of any cooling mechanism, thereby enhancing the Coefficient of 

Performance (COP). Unlike the heat recovery process, where temperature increments lead to refrigerant 

pressurization exceeding the inlet condenser pressure, and vice versa during desorption (bed cooling), mass 

retrieval induces fractional pressure changes without temperature fluctuations within the bed. Here, the adsorber 

and desorber may be interconnected, facilitating the circulation of refrigerant mass in the bed under pressure 

differentials at either the adsorber or desorber. 

 

C. Multi-Stage Modality: 

This modality is particularly applicable in systems that rely primarily on solar energy radiation. A multi-stage 

configuration can be judiciously employed in fluctuating climatic conditions where energy sources naturally 

dwindle. Here, the setup enables simultaneous operation at two distinct stages. Two pairs of adsorbent beds, 

alongside the conventional evaporator and condenser, are necessary, thereby encompassing the thermodynamic 

states of the adsorption system: pre-heating, desorption, pre-cooling, and adsorption. Empirical evidence 

corroborates the practical functionality of this system even at a waste heat temperature of 55°C. Combining two 

identical processes through a combined stage technique enhances efficiency by approximately 20%. 

 

D. Multi-Bed Approach: 

Among the techniques, as mentioned earlier, the multi-bed approach significantly increases efficiency and 

performance. It boasts significant advantages in maximizing cooling capacity and enhancing instantaneous 

cooling quality. Through prior experimentation and research, it is evident that a multi-bed adsorption chiller 

mitigates fluctuations in chilled water outlets, thereby amplifying waste heat recovery efficiency. Integrating a 

multi-bed adsorber chiller system with waste heat recovery techniques yields a significant performance 

improvement. Furthermore, techniques such as thermal recovery, cascade cycle, and cycle time parameterization 

hold promise for enhancing system efficacy. However, their efficiency depends on suitable environmental 

conditions. It's essential to continually compare conventional cooling systems with adsorption systems when 

integrating novel techniques to determine performance metrics, including Coefficient of Performance (COP), 

specific cooling power (SCP), economic viability, and environmental impacts. 

III. TYPES OF SOLAR ADSORPTION REFRIGERATION SYSTEMS 

In the realm of Solar Thermal Powered Adsorption Refrigeration Systems, a range of types emerges, each 

distinguished by unique operational characteristics and technological configurations. These typologies exemplify 

the breadth of ingenuity inherent in harnessing solar thermal energy for refrigeration purposes, embodying a 

convergence of science, engineering, and environmental consciousness. 

 

 

 

 

Direct Solar Thermal Adsorption Refrigeration Systems: 
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In this variant, solar thermal energy directly drives the adsorption refrigeration process without intermediate steps 

or auxiliary power sources. The adsorbent material, often coupled with a refrigerant, undergoes cyclic loading 

and unloading processes driven solely by solar irradiation, thereby producing refrigerative effects. 

 
2. Figure 8. Direct solar absorption schematics: (a) irradiation and significant sources of heat loss; and (b) 

transfer of heat from the nanofluid circuit via a heat exchanger. 

3.  

4. Indirect Solar Thermal Adsorption Refrigeration Systems: 

5. Unlike direct systems, indirect variants use solar thermal energy to generate high-temperature heat, which is 

then transferred to the adsorption chiller through a heat transfer fluid. This approach enables greater flexibility in 

system design and operation, allowing for optimization of solar collector performance and integration with other 

renewable energy sources. 

 
Figure 9. Indirect Solar Thermal Adsorption 

Mixed-Mode Solar Thermal Adsorption Refrigeration Systems: 

Mixed-mode configurations combine elements of both direct and indirect systems, leveraging the advantages of 

each approach to enhance overall system performance. These systems achieve synergistic effects by strategically 

integrating direct and indirect heat transfer pathways, maximizing energy efficiency and operational robustness. 

Hybrid Solar Thermal Adsorption Refrigeration Systems: 

Hybrid systems integrate solar thermal energy with supplementary power sources, such as fossil fuels or grid 

electricity, to augment system performance and reliability. This hybridization enables continuous operation under 

varying environmental conditions, enhancing system resilience in the face of intermittent solar irradiation. 
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Figure 10. Hybrid Solar Thermal Adsorption 

 

 

Advanced Solar Thermal Adsorption Refrigeration Systems: 

Advanced variants incorporate cutting-edge technologies and innovative design features to push the boundaries 

of solar thermal adsorption refrigeration. These systems may include novel adsorbent materials, advanced heat 

exchanger designs, and sophisticated control algorithms, resulting in enhanced efficiency, reliability, and 

scalability. 

 
Figure 11. Advanced Solar Thermal Adsorption  

 

IV. EXPERIMENTAL PROCEDURE FOR THE SOLAR DRYING PROCESS 

 

Installation Process and Use of Measuring Instruments 

Two experimental methods of solar drying tomatoes were investigated: indirect solar drying and mixed-type solar 

drying. The setup included a collector, a polycarbonate-covered drying chamber, and a chimney for exhausting 

moist air. Anemometers, moisture analyzers, temperature sensors, humidity sensors, and a weight-balanced 

apparatus were used to measure various variables and regularly monitor the weight of tomato slices [47]. 

In a separate experiment, maize was dried using a mixed-type sun drying system equipped with a flat plate 

collector coated in copper oxide nanoparticles. The monitoring of relative humidity and airflow velocity was 

conducted using a hygrometer and an anemometer. Additionally, five thermocouples were strategically placed to 

record temperature fluctuations [48]. 

An indirect-type, preheated solar drying chamber containing 24 kg of sliced mangoes was used for drying the 

slices. A moisture analyzer was utilized to measure both the initial and final moisture content. Assisting the drying 

process were a three-phase inverter fan and heating device, while temperature sensors were positioned at the inlet 

and exit of the evacuated collector and drying chamber [49]. 
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The indirect-mode convection-forced solar drying device, featuring a converging-type drying chamber, was 

utilized for drying lemon balm leaves. Instruments such as a hygrometer, hot wire anemometer, digital balance 

weight machine, and thermocouples were mounted on the collector, which was angled 40° southward in 

accordance with the location's latitude, to measure temperature, sample weight, relative humidity, and wind 

velocity at various points within the solar dryer [50]. 

In an experiment involving fins attached to the air heater, a collector connected to a centrifugal pump circulates 

heated air. Paraffin wax was applied to the 1 mm-thick copper absorbent plate, secured to the plate with seven 

copper fins to enhance its thermal conductivity. Instruments such as temperature sensors, pyrometers, and 

anemometers were employed, with data recorded using an Arduino-based system [51]. 

Below the absorbing plate of a double-glazed solar air heater, mounted at a 30° angle, paraffin-based phase 

transition material was utilized. Aluminum powder was incorporated to enhance the thermal transfer coefficients 

of the paraffin wax [52]. Additionally, the solar air heater featured a baffle to improve turbulence, and two clear 

top plates with a 3.5 cm gap were installed to enhance transmittance. Styrofoam insulation was used to maintain 

ideal drying conditions [53]. Lastly, either pure thermal oil or Al2O3 was employed as the solar working fluid in 

a solar dish concentrator with a cylindrical cavity receiver for drying mint [54]. 

 

 

Figure 12. Phase-change material solar air heater schematic diagram [51] 

Utilizing Photovoltaic Devices in the Desiccation Procedure 

To dry tomato slices, an experimental PV-integrated solar dryer device has been developed. The setup includes a 

sun-tracking system, a drying chamber, a PV panel, a DC motor, a blower, a battery, a charge controller, and a 

collector. Temperature, solar radiation, airflow, and relative humidity inside the solar dryer are measured using 

T-type thermocouples, solarimeters, anemometers, and digital hygrometers, respectively [56]. 

In a different configuration, absorbent plates made of fiber-reinforced polyester, aluminum, zinc, and silicon 

composites are integrated into an active-type, mixed-mode dryer. Insulation composed of polystyrene is employed 

to maximize thermal efficiency. The DC blower is powered by a solar panel, battery, and charge controller, while 

data monitoring is conducted using temperature sensors and an Arduino microcontroller [57]. 

Additionally, a direct-type dryer has been installed in the village of Markondi, located 30 kilometers away from 

Berhampur. This dryer, sponsored by VIEWS, an organization dedicated to ensuring the livelihood security of 

fisherwomen in south Odisha, utilizes four DC blowers powered by solar panels to extract moisture from the air 

and efficiently circulate warm air within the drying chamber [58]. 

 
Figure 13. Drying products  

Forced convection is employed in the construction of a solar dryer, as illustrated in Figure 6(a). The collector is 

oriented due south and inclined at a 20° angle, adjusted according to the location's latitude. Aluminum is utilized 

in the construction of the solar dryer, and stainless wire mesh trays are integrated. An exhaust fan is powered by 

a solar panel [59]. 
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Figure 14. (a) Design and b) assemble solar drying systems in the form of forced convection cabinets 

For drying vegetables like potatoes, tomatoes, and ginger, a hybrid solar dryer has been developed. As depicted 

in Figure 7(a, b), the solar panel, battery, and charge controller are powered by four DC blowers, which regulate 

the exhaust process and circulate hot air. Baffles are integrated to enhance drying efficiency by increasing 

turbulence. A heated coil is used to operate the dryer at night. An electric coil and inverter, powered by a battery 

charged during the day, provide 24-hour backup for this system [60-63]. 

  
Figure 15. A hybrid solar dryer uses light sources during the day and dark during the night. 1) Compressor; 2) 

Plates of glass;3) Confusion, 4) The drying box 5) Solar panels 6) Coil for heating 7) The inverter 8) Foam 

 
Figure 16. Cycle Vs methods  

 

Table 2. Authors and sample 
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Islam MP, 
Morimoto T 

Zero energy cool chamber for extending the shelf-life of tomato 
and eggplant[90] 
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Modelling colour of tomatoes during postharvest storage[92] Postharvest Biol Technol 1994;4(1e2):85e98 

Messina V, 
Dominguez PG, 

Sancho AM, de 

Reca WN, Carrari 
F, Grigioni G 

Tomato quality during short-term storage assessed by colour and 
electronic nose[93] 

Int J Electrochem 2012:1e7. Hindawi Publishing 
Corporation, USA 

Paull RE, Chen NJ Heat treatments and fruit ripening[94] Postharvest Biol Technol 2000;21:21e37 

Lelievre JM, 

Latche A, Jones B, 
Bouzayen M, Pech 

JC 

Ethylene and fruit ripening[95] Physiol Plantarum 1997;101:727e39 

Gomez PA, 

Camelo AFL 
Postharvest quality of tomato fruits stored under controlled 

atmospheres[96] 
Hortic Bras 2002;20:38e43 

Zhuang R, Huang 
Y 

Influence of hydroxypropyl methylcellulose edible coating on 
fresh-keeping and storability of tomato[97] 

J Zhejing Univ Sci 2003;4(1):109e13 

Basseto E, 
Jacomino AP, 

Pinheiro AL 

Conservation of ‘Pedro sato’ guavas under treatment with 1-
methylcyclopropene[98] 

P Agro Bras 2005;40:433e40 

Suparlan HJ, Itoh 

KJ 
Effects of modified atmosphere and storage temperature on the 

quality of tomatoes[99] 
J Hokkaido Univ Grad Sch Agr 2000;70(1):19e27 

Gordon EA, 
Michelle L, Diane 

MB 

Changes in pH, acids, sugars and other quality parameters during 
extended vine holding of ripe processing tomatoes[100] 

J Sci Food Agric 2011;87(11):2000e11 

Batu A, Thompson 

K 
Effect of modified atmosphere packaging on postharvest qualities 

of pink tomatoes[101] 
Tr J Agric Forest 1998;22:365e72 

 

This table shows different studies about using sunlight to make things cold and keep fruits and veggies fresh. It 

talks about making refrigerators that run on solar power and using special materials to cool things down. It also 

discusses methods to store fruits and vegetables after they're picked to make them last longer. These studies help 

us understand how to use renewable energy and smart techniques to keep food fresh, which is important for both 

saving energy and reducing waste. 

 

Table 3 Test result for some solar adsorption refrigeration cycles 
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Adsorben

t 
Adsorbate Heat of 

Adsorption 

(kJ/kg) 

Density of 

Adsorbate (kg/m3) 
Remarks 

Activated 

alumina 

H2O 3000 1000 Water is applicable except for 

very low operating pressure. 

Zeolite H2O 3300 - 4200 681 Natural zeolite has lower 
values than synthetic zeolite. 

Zeolite NH3 4000 - 6000 791  

Zeolite CH3OH 2300 - 2600 791  

Silica gel CH3OH 1000 - 1500 791 Suitable for temperature less 
than 200°C. 

Silica gel H2O 2800 1000 Used mostly for descent 

cooling. 

Charcoal C2H4 1000 - 1200 789 Ammonia and methanol are 

not compatible with copper at 

high temperatures. 

Charcoal NH3 2000 - 2700 681  

Charcoal H2O 2300 - 2600 1000  

Charcoal CH3OH 1800 - 2000 791  

Charcoal C2H5OH 1200 - 1400 798  

Calcium 
Chloride 

CH3OH 1800 - 2000 791 Used for cooling. 

Metal 

hydrides 

Hydrogen 2300 - 2600 1000 For Air-conditioning. 

Complex 

compoun

ds 

Salts and 

ammonia or 

water 

2000 - 2700 681 Refrigeration. 

 

This table lists different materials used in cooling systems and the substances they absorb to create cold 

temperatures. For instance, activated alumina absorbs water, while zeolite can absorb water, ammonia, or 

methanol. Silica gel, on the other hand, absorbs methanol or water. Charcoal can absorb various gases like 

ethylene or ammonia, and calcium chloride absorbs methanol. Metal hydrides are explicitly used for absorbing 

hydrogen for air conditioning. Complex compounds, like salts mixed with ammonia or water, are also used for 

refrigeration. Each material has specific heat absorption capabilities and densities of the substances they absorb, 

making them suitable for different cooling applications. 

REFERENCES 

[1] Arya, V, Kumar, N, Singh, G, Akash, M. Green energy potential in development of natural convection solar dryer for drying 

of fruits and vegetables: A review. Materials Today: Proceedings 2021; 44: 1160-1166. DOI: 10.1016/j.matpr.2021.05.193. 

[2] Navas, J, Guillén-Gosálbez, G, Jiménez, L. Multi-objective optimization of solar drying processes under uncertainty: 

Application to cocoa beans drying in Peru. Computers & Chemical Engineering 2021; 149:107316. DOI: 

10.1016/j.compchemeng.2021.107316. 

[3] Mora, ZM, Romero, CC, Alvarado, NC, Rosales, CJD. Potential of solar drying systems for small-scale coffee producers. 

Solar Energy 2021; 216: 78-88. DOI: 10.1016/j.solener.2021.01.022. 

[4] Jahandideh, S, Yousefi, M. Enhancing the performance of a double-pass solar air heater using an inclined barrier and 

nanofluid-based turbulent flow. Energy Conversion and Management 2021; 232:113866. DOI: 

10.1016/j.enconman.2021.113866. 

[5] Garg, V, Kumar, V, Rakesh, KK, Jhamb, N. Techno-economic assessment and energy auditing of the solar dryer system in 

composite climate. Journal of Cleaner Production 2021; 296:126495. DOI: 10.1016/j.jclepro.2021.126495. 

[6] Beyene, DA, Minale, AS, Atnafu, FT, Kibret, KB, Zenebe, BA, Kebede, WS. Optimization of solar dryer with low-

concentration photovoltaic for the preservation of fruits and vegetables. Energy Reports 2021; 7: 6469-6482. DOI: 

10.1016/j.egyr.2021.08.226. 



J. Electrical Systems 20-11s (2024): 4920-4936 

4933 

[7] Vejaee, V, Chouhan, DS. Design, development, and performance evaluation of a solar drying system for seaweed. Energy 

Sources, Part A: Recovery, Utilization, and Environmental Effects 2021; 43: 1736-1754. DOI: 

10.1080/15567036.2020.1849450. 

[8] Koua, BK, Paul, MEK, Prosper, G. Evolution of shrinkage, real density, porosity, heat and mass transfer coefficients during 

indirect solar drying of cocoa beans. Journal of the Saudi Society of Agricultural Sciences 2019; 18: 72-82. DOI: 

10.1016/j.jssas.2017.01.002. 

[9] Matavel, CE, Hoffmann, H, Rybak, KJ, Luiz, AL, Heindl, J, Dannwolf, J. Solar drying kinetics of yellow passion fruit 

(Passiflora edulis Sims). Journal of Food Engineering 2018; 220: 22-33. DOI: 10.1016/j.jfoodeng.2017.10.027. 

[10] Redondo, A, Calvo, EG, Santiago, F, Gonzalo, P. Potential and limitations of solar dryer and direct-solar dryer with heat 

recovery unit for drying red pepper. Journal of Cleaner Production 2018; 172: 1254-1261. DOI: 

10.1016/j.jclepro.2017.10.216. 

[11] Sarsavadia, PN, Ramakrishna, YS, Madanagopal, KS, Vijay, VK, Manjunatha, P. Analytical and experimental investigation 

of a greenhouse dryer for drying food products. Journal of Food Engineering 2018; 220:34-41. DOI: 

10.1016/j.jfoodeng.2017.10.020. 

[12] Eswaran, K, Samayamuthy, V, Chandrasekar, V. Drying characteristics of ripe Tectona grandis Linn. leaves using a multi-

mode solar dryer. Journal of Cleaner Production 2019; 215: 976-983. DOI: 10.1016/j.jclepro.2018.12.176. 

[13] Hadi, SA, Arabhosseini, A. Design and performance assessment of a novel mixed-mode solar dryer for drying tomato slices. 

Solar Energy 2018; 160: 10-19. DOI: 10.1016/j.solener.2017.11.023. 

[14] Sujono, W, Sundari, R, Pamungkas, D, Pujiastuti, L, Riyanto, S, Hardianto, T. Solar drying of rose (Rosa hybrida) petals: 

Effects on the bioactive compounds and antioxidant activity. Solar Energy 2018; 170: 236-244. DOI: 

10.1016/j.solener.2018.05.073. 

[15] Kouhila, M, Moussaoui, H, Lamsyehe, H, Tagnamas, Z, Bahammou, Y, Idlimam, Lamharrar, A, Drying characteristics and 

kinetics solar drying of Mediterranean mussel (mytilus galloprovincilis) type under forced convection. Renewable Energy 

2020; 147:833-844. 

[16] Musembi, MN, Kiptoo, KS, Yuichi, N. Design and analysis of solar dryer for mid-latitude region, Energy Procedia 2016; 98-

110. DOI:10.1016/j.egypro.2016.10.145. 

[17] Abubakar, S, Umaru, S, Kaisan, M, U, Umar, U, A, Ashok, B, Nanthagopal, K. Development and performance comparison 

of mixed-mode solar crop dryers with and without thermal storage. Renewable Energy 2018; 128: 285-298. 

[18] Hamidi, AA, Solati, AH, Heidari, R, Roostaei, N. The simulation and optimization of an active solar dryer for drying apricot. 

Solar Energy 2021; 216: 275-284. DOI: 10.1016/j.solener.2021.01.073. 

[19] Wang, W, Li, M, Hassanien, R, Hassanien, E, Wang, Y, Yang, L. Thermal performance of indirect forced convection solar 

dryer and kinetics analysis of mango. Applied Thermal Engineering 2018; 134: 310-321. DOI: 

10.1016/j.applthermaleng.2018.01.115. 

[20] Singh, CP, Kumar, A, Nuntadusit, C, Anout, BJ. Thermal modeling and drying kinetics of bitter gourd flakes drying in 

modified greenhouse dryer. Renewable Energy 2018; 118: 799-813. DOI: 10.1016/j.renene.2017.11.069. 

[21] Amer, B.M.A., Klaus, GM. Hossain, A. Integrated hybrid solar drying system and its drying kinetics of chamomile. Renewable 

Energy 2018; 121: 539-547. DOI: 10.1016/j.renene.2018.01.055. 

[22] Chandrasekar, M, Senthilkumar, T, Kumaragurubaran, B, Fernandes, J, P. Experimental investigation on a solar dryer 

integrated with condenser unit of split air conditioner (A/C) for enhancing drying rate. Renewable Energy 2018; 122: 375-

381. DOI: 10.1016/j.renene.2018.01.109. 

[23] Shamekhi, AS, Gorji, TB, Gorji-Bandpy, M, Jahanshahi, M. Drying behaviour of lemon balm leaves in an indirect double-

pass packed bed forced convection solar dryer system. Case studies in thermal engineering 2018; 12: 677-686. DOI: 

10.1016/j.csite.2018.08.007. 

[24] Eltawil, MA, Mostafa, MA, Abdulrahman, OA. Solar PV powered mixed-mode tunnel dryer for drying potato chips. 

Renewable Energy 2018; 116: 594-605. DOI: 10.1016/j.renene.2017.10.007.  

[25] Deeto, SS, Thepa, VM, Songprakorp, R. The experimental new hybrid solar dryer and hot water storage system of thin layer 

coffee bean dehumidification. Renewable Energy 2018; 115:954-968. DOI: 10.1016/j.renene.2017.09.009. 

[26] Natarajan, K, Singh, ST, Verma, TN, Nashine, P. Convective solar drying of vitis vinifera & momordica charantia using 

thermal storage materials. Renewable Energy 2017; 113:1193-1200. DOI: 10.1016/j.renene.2017.06.096. 

[27] Yahya, M, Ahmad, F, Kamaruzzaman, S. Energy and exergy analyses of solar-assisted fluidized bed drying integrated with 

biomass furnace. Renewable Energy 2017; 105: 22-29. DOI:10.1016/j.renene.2016.12.049. 

[28] Moradi, R, Kianifar, A., Wongwises, S. Optimization of a solar air heater with phase change materials: Experimental and 

numerical study. Experimental Thermal and Fluid Science 2017; 89:41-49. DOI: 10.1016/j.expthermflusci.2017.07.011. 

[29] Kabeel, AE, Khalil, A, Shalaby, SM, Zayed, ME. Improvement of thermal performance of the finned plate solar air heater by 

using latent heat thermal storage. Applied Thermal Engineering 2017; 123:546-553. DOI: 

10.1016/j.applthermaleng.2017.05.126. 

[30] Ndukwu, MC, Bennamoun, L, Abam, FI, Eke, AB, Ukoha, D. Energy and exergy analysis of a solar dryer integrated with 

sodium sulfate decahydrate and sodium chloride as thermal storage medium. Renewable Energy 2017; 113:1182-1192. 

DOI:10.1016/j.renene.2017.06.097. 



J. Electrical Systems 20-11s (2024): 4920-4936 

4934 

[31] Dina, SF, Himsar, A, Farel, HN, Hideki, K. Study on effectiveness of continuous solar dryer integrated with desiccant thermal 

storage for drying cocoa beans, Case Studies in Thermal Engineering 2015; 5:32-40. DOI:10.1016/j.csite.2014.11.003. 

[32] Singh, R, Salhan, P, Kumar, A. CFD Modeling and simulation of an indirect forced convection solar dryer. IOP Conference 

Series: Earth and Environmental Science 2021; 795: 01-09. 

[33] Udomkun, P, Romuli, S, Schock, S, Mahayothee, B, Sartas, M, Wossen, T, Njukwe, E, Vanlauwe, B, Müller, J. Review of 

solar dryers for agricultural products in Asia and Africa: An innovation approach. Journal of Environmental Management 

Landscape 2020; 268: 01-14. DOI:10.1016/j.jenvman.2020.110730. 

[34] Sandali, M, Boubekri, A, Mennouche, D, Gherraf, N. Improvement of a direct solar dryer performance using a geothermal 

water heat exchanger as supplementary energetic supply. An experimental investigation and simulation study. Renewable 

Energy 2019; 135:186-196. DOI: 10.1016/j.renene.2018.11.086. 

[35] Vásquez, J, Reyes, A, Pailahueque, N. Modelling, simulation and experimental validation of a solar dryer for agro-products 

with thermal energy storage system, Renewable Energy 2019;139: 1375-1390. 

[36] Kouhila, M, Moussaoui, H, Lamsyehe, H, Tagnamas, Z, Bahammou, Y, Idlimam, Lamharrar, A, Drying characteristics and 

kinetics solar drying of Mediterranean mussel (mytilus galloprovincilis) type under forced convection. Renewable Energy 

2020; 147:833-844. 

[37] Musembi, MN, Kiptoo, KS, Yuichi, N. Design and analysis of solar dryer for mid-latitude region, Energy Procedia 2016; 98-

110. DOI:10.1016/j.egypro.2016.10.145. 

[38] Nabnean, S, Nimnuan, P. Experimental performance of direct forced convection household solar dryer for drying banana. 

Case Studies in Thermal Engineering 2020; 22: 01-11. DOI:10.1016/j.csite.2020.100787. 

[39] Hao, W, Liu, S, Mi, B, Lai, Y. Mathematical modelling and performance analysis of a new hybrid solar dryer of lemon slices 

for controlling drying temperature. Energies 2020; 13: 01-23. 

[40] Abubakar, S, Umaru, S, Kaisan, M, U, Umar, U, A, Ashok, B, Nanthagopal, K. Development and performance comparison 

of mixed-mode solar crop dryers with and without thermal storage. Renewable Energy 2018; 128: 285-298. 

[41] Karthikeyan, AK, Murugavelh, S. Thin layer drying kinetics and exergy analysis of turmeric (Curcuma longa) in a mixed 

mode forced convection solar tunnel dryer, Renewable Energy 2018; 128: 305-312. DOI:10.1016/j.renene.2018.05.061. 

[42] Kishk, SS, Ramadan, AE, Gamal, MEIM. Effectiveness of recyclable aluminum cans in fabricating an efficient solar collector 

for drying agricultural products, Renewable Energy 2019; 133: 307-316. DOI:10.1016/j.renene.2018.10.028. 

[43] Zoukit, A, Ferouali, HEI, Salhi, I, Doubabi, S, Abdenouri, N. Takagi Sugeno fuzzy modeling applied to an indirect solar dryer 

operated in both natural and forced convection. Renewable Energy 2019; 133: 849-860. 

[44] Kuan, M, Shakir, Y, Mohanraj, M, Belyayev, Y, Jayaraj, S, Kaltayev, A. Numerical simulation of a heat pump assisted solar 

dryer for continental climates. Renewable Energy 2019; 143: 214-225. 

[45] Agarwal, A, Sarviya, RM. An experimental investigation of shell and tube latent heat storage for solar dryer using paraffin 

wax as heat storage material. Engineering Science and Technology, an International Journal 2016; 19: 619-631. 

DOI:10.1016/j.jestch.2015.09.014. 

[46] Prakash, O, Kumar, A. Performance evaluation of greenhouse dryer with opaque north wall. Heat and Mass Transfer 2014; 

50: 493-500. 

[47] Shoeibi, S, Hadi, K., Mirjalily, SAA, Zargarazad, M. Performance analysis of finned photovoltaic/thermal solar air dryer with 

using a compound parabolic concentrator. Applied Energy 2021; 304:01-11.DOI: 10.1016/j.apenergy.2021.117778. 

[48] Behera, DD, Mohanty, AM, Das, SS. Design and fabrication of Forced Convection Cabinet type of solar dryer for drying 

fruits and vegetables. International Journal of Management, Technology and Engineering 2019; 9: 4419-4431. 

[49] Behera, DD, Nayak, B, Das, SS. Design and Fabrication of Solar Dryer for Sustainable Livelihoods of Fisher Women. 

International Journal of Engineering and Management Research (IJEMR) 2017; 7: 125-139. 

[50] Zaredar, A, Effatnejad, R, Behnam, B. Construction of an indirect solar dryer with a photovoltaic system and optimised speed 

control. IET Renewable Power Generation 2018; 12: 1807-1812. 

[51] Hadi, SA, Arabhosseini, A. Accelerating drying process of tomato slices in a PV-assisted solar dryer using a sun tracking 

system. Renewable Energy 2018; 123:428-438, DOI: 10.1016/j.renene.2018.02.056. 

[52] César, LVE, César, MAL, Octavio, GV, Isaac, PF, Rogelio, BO. Thermal performance of a passive, mixed-type solar dryer 

for tomato slices (Solanum lycopersicum). Renewable Energy 2020; 147: 845-855. DOI: 10.1016/j.renene.2019.09.018. 

[53] Arkian, AH, Najafi, G, Gorjian, S, Loni, R, Bellos, E, Yusaf, T. Performance assessment of a solar dryer system using small 

parabolic dish and alumina/oil nano fluid: Simulation and experimental study. Energies 2019; 12: 01-22. 

[54] Ghiami, A, Ghiami, S. Comparative study based on energy and exergy analyses of a baffled solar air heater with latent storage 

collector. Applied Thermal Engineering 2018; 133: 797-808. DOI: 10.1016/j.applthermaleng.2017.11.111. 

[55] Moradi, R, Kianifar, A., Wongwises, S. Optimization of a solar air heater with phase change materials: Experimental and 

numerical study. Experimental Thermal and Fluid Science 2017; 89:41-49. DOI: 10.1016/j.expthermflusci.2017.07.011. 

[56] Farid, MM, Khudhair, AM, Razack, SAK, Al-Hallaj, S. A review on phase change energy storage: Materials and applications. 

Energy Conversion and Management 2004; 45:1597-1615. DOI:10.1016/j.enconman.2003.09.015. 

[57] Hatami, M, Mazare, A, Doosthosseini, H. A comprehensive review on solar photovoltaic/thermal (PV/T) technology. 

Renewable and Sustainable Energy Reviews 2021; 148: 111330. DOI: 10.1016/j.rser.2021.111330. 

[58] Grum, M, Bejan, A. Thermal design and optimization. Wiley 1996; 348-352. ISBN: 0-471-00084-0. 



J. Electrical Systems 20-11s (2024): 4920-4936 

4935 

[59] Salehi, F, Saffari, H, Mozaffarzadeh, M. A review on recent developments in energy-efficient drying methods for fruit and 

vegetables. Journal of Food Process Engineering 2021; 44:01-25. DOI: 10.1111/jfpe.13891. 

[60] Sur A, Das RK. Review on solar adsorption refrigeration cycle. Int J Mech Eng Technol (IJMET) 2010;1(1):190e226. 

[61] Pons M, Guilleminot JJ. Design of an experimental solar-powered, solid-adsorption ice maker. J Sol Energy Eng Trans ASME 

1986;108:332e7. 

[62] Pons M, Grenier PH. Experimental data on a solar-powered ice maker using activated carbon and methanol adsorption pair. J 

Sol Energy Eng Trans ASME 1987;108:303e10. 

[63] Sakoda A, Suzuki M. Simultaneous transportation of heat and adsorbate in closed type adsorption cooling system utilizing 

solar heat. J Sol Energy Eng 1986;108:239e45. 

[64] Exell RHB, Bhattacharya SC, Upadhyaya YR. Research and development of solar-powered desiccant refrigeration for cold-

storage application. Bangkok, Thailand: Asian Institute of Technology; 1987. p. 1e67. 

[65] Headley OS, Kothdiwala AF, Mcdoom IA. Charcoal-methanol adsorption refrigerator powered by a compound parabolic 

concentrating solar collector. Sol Energy 1994;53(2):191e7. 

[66] Lin GP, Yuan XG, Mei ZG. A new type of solar-powered solid-absorption ice- maker. Acta Energiae Solaris Sin 

1994;15:297e9. 

[67] Khattab NM. A novel solar-powered adsorption refrigeration module. App Therm Eng 2004;2004(24):2747e60. 

[68] Wang SG, Wang RZ, Li XR. Research and development of consolidated adsorbent for adsorption systems. Renew Energy 

2005;30:1425e41. 

[69] Mesquita LC, Harrison SJ, Thomey D. Modeling of heat and mass transfer in parallel plate liquid-desiccant dehumidifiers. 

Sol Energy 2006;80:1472e82. 

[70] Leite APF, Grilo MB, Andrade RRD, Belo FA, Meunier F. Experimental thermodynamic cycles and performance analysis of 

a solar-powered adsorptive icemaker in hot humid climate. Renew Energy 2007;32:697e712. 

[71] Lemmini F, Buret-Bahraoui J. Performance of an adsorptive solar refrigerator using two types of activated carbon. Energ Env 

1990;2:774e9. 

[72] Islam MP, Morimoto T, Hatou K. Storage behavior of tomato inside a zero energy cool chamber. Agric Eng Int CIGR J 

2012;14(4):209e17. 

[73] Islam MP, Morimoto T, Hatou K. Dynamic optimization of inside temperature of zero energy cool chamber for storing fruits 

and vegetables using neural networks and genetic algorithms. Comput Electron Agr 2013;95:98e107. 

[74] Ganesan M, Balasubramanian K, Bhavani RV. Effect of water on the shelf-life of brinjal in zero-energy cool chamber. J Indian 

Inst Sci 2004;84:1e7. 

[75] Singh RKP, Satapathy KK. Performance evaluation of zero energy cool chamber in hilly region. Agric Eng Today 

2006;30(5&6):47e56. 

[76] Rajeswari D, Nautiyal MC, Sharma SK. Effect of pedicel retention and zero energy cool chamber on storage behavior of Malta 

fruits. Int J Agri Sci 2011;3(2):78e81. 

[77] Exell RHB. Solar cooling activities in the Asian institute of technology. In Proceedings of the 2nd world renewable energy 

congress, Sayigh AAM; 1992. p. 700e7. 

[78] Sumathy K, Zhongfu L. Experiments with solar-powered adsorption icemaker. Renew Energy 1999;16:704e7. 

[79] Ahmed MH, Abd-Latef M. Experimental study for the performance of modified solar ice maker. J App Sci Res 

2012;8(8):4645e55. 

[80] Santori G, Santamaria S, Sapienza A, Brandani S, Freni A. A stand-alone solar adsorption refrigerator for humanitarian aid. 

Sol Energy 2014;100:172e8. 

[81] BRI. Design guidelines for low energy housing with validated effectiveness: hot humid region edition, vol. 149. Ibaraki, Japan: 

Building Research Institute, Incorporated Administrative Agency; 2010. p. 1e406. 

[82] Critoph RE, Tamainot-Telto Z. Solar sorption refrigerator. Renew Energy 1997;12(4):409e17. 

[83] Ruthven DM. Principles of adsorption and adsorption processes. New York: Wiley; 1984. 

[84] Akinbisoye OB, Odesola IF. Experimental study of absorptive solar powered refrigerator in IBADAN (Nigeria) -1: 

performance in actual site. Int J Eng Tech 2013;3(3):381e9. 

[85] Stoitchkov NJ, Dimitrov GI. Effectiveness of cross flow plate heat exchanger for indirect evaporative cooling. Int J Refrig 

1998;21(6):463e71. 

[86] Anyanwu EF, Ezekwe CI. Design, construction and test run of a solid adsorption refrigerator using activated carbon/methanol, 

as the adsorbent/ adsorbate pair. Energ Manage 2003;44(18):2879e92. 

[87] Tarutani T, Kitagawa H. Distribution, storage and processing of horticultural foods. Tokyo: Yokendo Co; 1982. 

[88] Ben-Yehoshua S. Transpiration, water stress, and gas exchange. In: Weichmann J, editor. Proceedings of the post harvest 

physiology of vegetables. New York: Marcel Dekker; 1987. p. 113e70. 

[89] Sondi I, Salopek-Sondi B. Silver nanoparticles as antimicrobial agent: a case study on E. Coli as a model for gram-negative 

bacteria. J Colloid Interface Sci 2004;275:177e82. 

[90] Islam MP, Morimoto T. Zero energy cool chamber for extending the shelf-life of tomato and eggplant. JARQ JPN AGR Res 

Q 2012;46(3):257e67. 

[91] Lopez CAF, G  omez PA. Comparison of color indexes for tomato ripening. Hortic Bras 2004;22(3):534e7. 



J. Electrical Systems 20-11s (2024): 4920-4936 

4936 

[92] Tijskens LMM, Evelo RG. Modelling colour of tomatoes during postharvest storage. Postharvest Biol Technol 

1994;4(1e2):85e98. 

[93] Messina V, Dominguez PG, Sancho AM, de Reca WN, Carrari F, Grigioni G. Tomato quality during short-term storage 

assessed by colour and electronic nose. Int J Electrochem 2012:1e7. Hindawi Publishing Corporation, USA, 

http://dx.doi.org/10.1155/2012/687429. 

[94] Paull RE, Chen NJ. Heat treatments and fruit ripening. Postharvest Biol Technol 2000;21:21e37. 

[95] Lelievre JM, Latche A, Jones B, Bouzayen M, Pech JC. Ethylene and fruit ripening. Physiol Plantarum 1997;101:727e39. 

[96] Gomez PA, Camelo AFL. Postharvest quality of tomato fruits stored under controlled atmospheres. Hortic Bras 

2002;20:38e43. 

[97] Zhuang R, Huang Y. Influence of hydroxypropyl methylcellulose edible coating on fresh-keeping and storability of tomato. J 

Zhejing Univ Sci 2003;4(1):109e13. 

[98] Basseto E, Jacomino AP, Pinheiro AL. Conservation of ‘Pedro sato’ guavas under treatment with 1-methylcyclopropene. P 

Agro Bras 2005;40:433e40. 

[99] Suparlan HJ, Itoh KJ. Effects of modified atmosphere and storage temperature on the quality of tomatoes. J Hokkaido Univ 

Grad Sch Agr 2000;70(1):19e27. 

[100] Gordon EA, Michelle L, Diane MB. Changes in pH, acids, sugars and other quality parameters during extended vine holding 

of ripe processing tomatoes. J Sci Food Agric 2011;87(11):2000e11. 

[101] Batu A, Thompson K. Effect of modified atmosphere packaging on postharvest qualities of pink tomatoes. Tr J Agric Forest 

1998;22:365e72. 

 


