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A B S T R A C T

This research focuses on developing an innovative Indirect Solar Dryer (ISD) incorporating paraffin wax and 
glass pieces as Thermal Storage Material (TSM) within the solar collector towards sustainable food preservation 
for future usage. Experiments were conducted using three distinct configurations of solar dryers: one with glass 
pieces and paraffin wax, another with glass pieces only, and a third without TSM. Additionally, conventional 
Open Solar Drying (OSD) was examined for comparison. Comparative analyses were performed on drying ki-
netics and energy efficiency. Results from the drying kinetics demonstrated a significant decrease in the Moisture 
Content (MC) of turmeric, from 84.2 % (w.b.) to 8.3 % (w.b.) within 29 h employing the configuration incor-
porating paraffin wax and glass pieces as TSM. Furthermore, this same configuration exhibited the highest dryer 
efficiency of 68.3 %. In addition to drying kinetics, Moisture Ratio (MR) was forecasted using twelve drying 
mathematical models, with the logarithmic model producing the most accurate forecasts (χ2 = 0.0009843 and 
R2 = 0.9782). Colour and Fourier Transform Infrared (FTIR) analyses have been investigated to assess the quality 
of the dried turmeric specimens. The configuration utilizing glass pieces and paraffin wax as integrated TSM 
yielded the best colour quality. FTIR spectroscopy investigation discovered peaks of the C-H Stretch within the 
range of 2830–2900 cm− 1 in the ISD configuration spectrum, whereas these peaks were absent in the OSD 
spectrum, indicative of uneven drying in OSD. Based on these experimental findings, the designed ISD config-
uration with integrated glass pieces and paraffin wax TSM demonstrates effective results in reduced drying time 
and improved food specimen quality. It suggests that the proposed ISD configuration could serve as a sustainable 
and preferable method for drying in various industries.

1. Introduction

Every year, India produces over 4 lakh tons of fresh turmeric (Cur-
cuma longa L.), holding nearly 80 % of the global turmeric producer [1]. 
This quantity is generated through a region of roughly 50,000 acres. 
Before being shipped all over the world, the turmeric rhizomes are 
picked and dried [2]. Drying is the primary technique for preserving 
food items, requiring a significant amount of energy. It is a crucial 
procedure used globally to preserve agricultural products, helping to 
reduce the produce’s water activity to a point where deterioration is 
prevented for a set quantity of hours [3]. The importance of using 
alternative, renewable resources has increased due to rising fossil fuel 
prices and shortages [4]. The two oil crises that struck in the first and 
last decades of the 1970s prompted the creation of solar dryers as a way 
to reduce energy demand [5]. Agricultural products can be dried with 

less negative influence on the environment by using renewable energy 
sources like solar energy. Since sun drying is the least expensive method, 
it is still commonly employed in many tropical and subtropical nations, 
although the quality of the dried goods often falls below expectations. 
Solar crop drying has been practiced since the dawn of humanity. 
Initially, the techniques were straightforward and frequently inefficient, 
but they worked rather well. Solar dryer is an effective method of har-
nessing solar energy and can be considered an advancement over 
traditional methods [6,7].

According to the amount of solar energy they utilize, solar dryers are 
categorized as direct, indirect, and mixed modes. In a direct-mode solar 
dryer, food products are showing to solar radiation directly, causing 
their temperature to rise and their Moisture Content (MC) to decrease. In 
the Indirect Solar Dryer (ISD) scenario, the samples are stored in a closed 
chamber, and they are only exposed to warm air produced by the solar 
collector to eliminate water content [8]. The effectiveness of a solar 
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