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Advancement in Solar Energy 

Technology and Its Future Growth 

Fardeen Ahad Ansari, Abid Haleem, Shashi Bahl, Mohd Javaid, 

Dharam Buddhi, Chander Prakash, and Rakesh Chandmal Sharma 

Abstract Due to the destructive nature and limited supply of non-renewable sources, 

there has been a significant shift from non-renewable to renewable energy sources 

in the last two decades. Various research studies are taking place to enhance the 

efficiency of devices that work on renewable energy sources. Solar energy is the 

most famous field of research in renewable sources as it is the source that is present 

all around the globe. Various devices and technology were created from time to time 

to use solar energy effectively. This research review mainly focuses on three famous 

solar energy technologies: solar fabric, solar thermal fuel, and solar glass panes. The 

construction and working methodology of such technology has been discussed in 

this review. Further other points like solar energy conversion efficiency and specific 

limitations are also discussed here. The future growth and another challenge to the 

discussed technology are also considered. 
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Future Scope and Developments on Nano 

Refrigerants in the Refrigeration System: 

A Review 

Aniruddh Tiwari, Abid Haleem, Shashi Bahl, Mohd Javaid, 

Siddharth Sharma, Chander Prakash, and Dharam Buddhi 

Abstract Effective use of refrigerant is a vast part of our day-to-day life in the 

field of Heating, ventilation and air conditioning systems. A wide range of refriger-

ants plays a vital role in the heat exchange process in this particular field. Since the 

first invented Air Conditioner in 1902, refrigerants have been modified consistently. 

Various nano-particles are dispersed into the base refrigerants to form nano refrig-

erants. Various data researchers had suggested from their experimental analysis to 

enhance nano-particle-based refrigerants. Nano Lubricants have extraordinary capa-

bilities to enhance their refrigerative properties. This paper has reviewed research on 

conventional refrigerants and their harmful impacts and discussed the necessity to 

move towards advanced technology. We have done an extensive analysis of the devel-

opment of refrigerants in the field of efficiency, environmental effects, heat transfer 

enhancements and pressure drop capacities. We have briefly discussed the effects of 

dispersion of nano-particles like Al2O3, CuO, TiO2 etc. into the base refrigerants in 

the paper. We can quickly identify a better refrigerant for the near future from the 

study. 

Keywords Refrigerants · Chlorofluorocarbon · Ventilation · Nanolubricants
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Screw-Based Extruder Design for 3D 

Printing of Food Using Food Layered 

Technology 

Moin Khan, Abid Haleem, Mohd Javaid, Shashi Bahl, Chander Prakash, 

Rajesh Singh, and Ashok Kumar Bagha 

Abstract Additive food manufacturing can help provide fast-paced customised food 

with specified nutritional values. This advanced process can be used to manufacture 

food items with predetermined quality. 3D food printing technology development 

requires unique extruder designs for fluid food ingredient deposition. The study of 

the rheological properties of food material is critical for determining the various 

factors that influence food printing. This research aims to develop an extruder that 

can print various food materials. For this, various rheological properties of food 

have been studied. A literature-based review is done on the correlations between the 

parameters affecting the printability of the formulations and the rheological proper-

ties of the end product. The results thus obtained show the various components of the 

screw-based extruder for 3D printing of food and the correlations between various 

rheological properties of food. A non-Newtonian, non-isothermal viscosity model 

has been used to describe the material’s rheology. The nozzle diameters required for 

printing various types of food were also studied. The screw-based 3D printer was 

constructed using SOLIDWORKS 2021, and simulation was done using COMSOL 

Multiphysics V.6.0.0.318 for velocity profile and pressure contour using wheat flour 

as the ink material.
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