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1. Introduction – Food waste that emerges throughout the life cycle from cradle to grave is an important 

problem facing the whole world. Fruit wastes, especially fruit peel, contain considerably higher amounts 

of different phenolic compounds, including carotenoids, anthocyanins, flavonoids and phenolic acids than 

fruit pulp [1]. Apple peels, constitute approximately 10% of the whole apple fruit, are rich in vitamins, 

minerals, soluble and insoluble fibres, natural antioxidants, phenolic and flavonoid compounds. Demands 

of natural components for food, cosmetic and pharmacology industries can meet by utilization from apple 

peels [2]. It is also a biomass and it can be used for generate bioenergy. Valorisation of these apple by-

products without losing their nutritional value by using energy efficient and environmentally friendly 

technologies is of great importance in terms of both economic and environmental sustainability [2,3].  

Drying is an oldest and wide food preservation method used to prevent undesirable changes of food [4]. 

Food wastes tend to spoil rapidly due to the moisture and nutrients content, just like the foods they are a 

part of. For this reason, whatever method  used to valorise these wastes, they must first be dried.  

Various types of energy sources can be used for drying such as electricity, natural gas, geothermal and 

solar. These sources can be utilized hybrid. Solar assisted heat pump systems are one of the most effective 

hybrid energy systems for drying. In this study, performance assessment of a novel photovoltaic thermal 

(PVT) assisted heat pump dryer system for 

apple peels drying was performed. 

 

2. Experimental – PVT and unglazed 

solar collector assisted heat pump dryer in 

which apple peels were dried can be seen 

in Figure 1 schematically. Apple peels 

drying experiments were carried out at 60 

and 70˚C at a constant air flow rate. 

Performance assessment of the whole 

system was performed by considering the 

first law of thermodynamics. 

  

3. Results and Discussion – First, the mass and energy balances of each stream have been established. 

Then, thermophysical properties were determined by using measurements such as temperature, humidity, 

pressure at the inlet and outlet points of all equipment in both the refrigerant cycle and the air cycle. Finally, 

the energy efficiency of the main system elements and the whole system has been calculated.  

 

4. Conclusion – It is important to increase the usage areas and intensity of renewable energy sources in 

order to prevent global climate change. Hybrid-drying systems in which the electrical energy is met from 

photovoltaic panels and the heat energy is met from solar, biomass, geothermal or heat pumps is promising. 

This study revealed that solar assisted heat pump system can be used effectively for drying of apple peels. 
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Figure 1. Solar assisted heat pump dryer system 
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