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ABSTRACT 
The current global energy scenario and consumption rate is alarming greatly as the tremendous increase in 
population causes a sharp increase in electrical energy demand. The exhaustive extraction and production of 
fossil energy is the main reason and contributor to many environmental issues. As these fuels will ultimately get 
depleted resulting into increased energy shortfall, climate change and energy insecurity. In this regards every 
country is putting an effort to increase energy efficiency as well as switching over to new and renewable energy 
technologies. Among such solar energy from the sun is free and abundant. It offers number of strategic benefits 
which replaces the fossil-fuel combustion for the various electrical and thermal needs by minimizing the 
emissions of harmful gases and air pollutants. Currently, solar energy’s contribution to the total global energy 
supply is very low and small but the potential is enormous. Historically solar systems suffer from huge initial 
cost than conventional energy sources but once the solar technologies are installed, they have very low 
operating costs and require minimal input this provides security against conventional fuel supply disruptions 
and their prices. However present innovation and supports for solar manufacturing and sales prices have 
dropped greatly from the past few decades resulting into at energy price parity. Shockley-Queisser limit is the 
theoretical maximum efficiency that a single junction solar cell can exhibit. The current research in this 
direction is going on to find out the best substitute materials and technology to improve the performance of 
solar cells. The study of light spectrum and different absorption levels in semiconductor material, special 
coating, application of nano technology and use of organic polymers have led to greater saving and rapid 
production. 

Keywords: Energy Scenario, Renewable Energy Systems, Solar PV materials, Technology, Environmental 
impacts 
                                                                                                                                                                                     

INTRODUCTION 

Every location on the Earth receives sunlight to a very good extent of the year and the quantity of solar radiation 
reaching any one point on the Earth's surface varies with respect to the followings namely, Geographic location, 
Time of day, Season, Local weather and landscape. A particular point on the Earth's surface gets maximum 
possible energy when sun is closer and rays are vertical as well varies with slant angles. The radiation data 
required for solar photovoltaic systems is expressed in terms of kilowatt-hours per square meter (kWh/m2) and 
for solar heating systems it is British thermal units per square foot (Btu/ft2). French physicist Edmond Becquerel 
discovered the concept of Photovoltaic conversion early in the year 1839. Solar PV cells are the basic building 
blocks of all PV systems made up of Photovoltaic (PV) materials and devices to convert sunlight into electrical 
current by photoelectric effect. Several PV cells of various sizes and shapes, from a smallest postage stamp to 
several centimetres drawn from semiconducting materials are often connected to form PV modules and in turn 
Arrays [1]. The other accessories like, electrical connections, mounting mechanisms, power-handling and 
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There is a need to recapitulate the native complexity of bone structure within engineered 3D structures with tailored 
biological and mechanical properties. In this study, we suggest an innovative cell-printing process, supplemented with 
core/shell nozzle and co-cultured/mono-cultured methods, to achieve 3D osteon-like structures through cell-laden 
bioinks using an extrusion-based 3D bioprinter in one-step. In this study, vascularization promoting and osteogenic 
bioinks were developed based on different concentration of GelMA-alginate hydrogels with the incorporation of hy-
droxyapatite nanoparticles. These hydrogels were chosen due to their suitable mechanical stability, swelling ratio, and 
printability. To obtain a core/shell osteon-like structure (CSBP), we used a vascularization bioink combined HUVECs 
in the core region, and used osteogenic- MC3T3-E1 cells-laden bioinks in the shell region. Pure gelatin was concen-
tration in all bioinks to support both of core and shell structures during 3D bioprinting. Core-co-cultured osteon-like 
structure (CCBP) was fabricated through co-culturing of HUVECs and MC3T3 cells within bioink in the core region. 
Mono-cultured printed structure composed of single cell lines served as a control. The fabricated 3D-core-cocultured 
of HUVECs-MC3T3 cells showed significantly higher cell viability (84%) compared to that (78%) of a 3D-core/shell of 
HUVECs/MC3T3 cells. Both fabricated structures exhibited outstanding cell viability in comparison with (65%) of mo-
no-cultured 3D cell-laden scaffold (control). In addition, significant increases in osteogenic properties were observed 
in the co-culture samples versus the mono-culture controls. We demonstrated that both co-culture configurations were 
able to promote mineral deposition in the absence of exogenous osteogenic factors. Although the CSBP configuration 
displayed less viability than CCBP, this structure still exhibited good osteogenic and angiogenic properties. In conclu-
sion, this investigation provided highlighted the potential of both structures as biomimetic bone scaffolds for complex 
bone tissue and other tissue engineering application.

Introduction: 

In the second step, the liquid mixture of cells, matrix, and nutrients known as bioinks are placed in a printer cartridge 
and deposited using the patients’ medical scans. When a bioprinted pre-tissue is transferred to an incubator, this cell-
based pre-tissue matures into a tissue.

3D bioprinting for fabricating biological constructs typically involves dispensing cells onto a biocompatible scaffold 
using a successive layer-by-layer approach to generate tissue-like three-dimensional structures. Artificial organs such 
as livers and kidneys made by 3D bioprinting have been shown to lack crucial elements that affect the body such as 
working blood vessels, tubules for collecting urine, and the growth of billions of cells required for these organs. Without 
these components the body has no way to get the essential nutrients and oxygen deep within their interiors. Given that 
every tissue in the body is naturally composed of different cell types, many technologies for printing these cells vary in 
their ability to ensure stability and viability of the cells during the manufacturing process. Some of the methods that are 
used for 3D bioprinting of cells are photolithography, magnetic bioprinting, stereolithography, and direct cell extrusion.

Note: This work is partly presented at 3rd international conference on 3dprinting and additive manufacturing (May 22, 2020 Paris, France) 
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3D bioprinting contributes to significant advances in the medical field of tissue engineering by allowing for research 
to be done on innovative materials called biomaterials. Biomaterials are the materials adapted and used for printing 
three-dimensional objects. Some of the most notable bioengineered substances are usually stronger than the average 
bodily materials, including soft tissue and bone. These constituents can act as future substitutes, even improvements, for 
the original body materials. Alginate, for example, is an anionic polymer with many biomedical implications including 
feasibility, strong biocompatibility, low toxicity, and stronger structural ability in comparison to some of the body’s 
structural material. Synthetic hydrogels are also commonplace, including PV-based gels. The combination of acid with 
a UV-initiated PV-based cross-linker has been evaluated by the Wake Forest Institute of Medicine and determined to be 
a suitable biomaterial. Engineers are also exploring other options such as printing micro-channels that can maximize 
the diffusion of nutrients and oxygen from neighboring tissues. In addition, the Defense Threat Reduction Agency aims 
to print mini organs such as hearts, livers, and lungs as the potential to test new drugs more accurately and perhaps 
eliminate the need for testing in animals.

Pre-bioprinting: Pre-bioprinting is the process of creating a model that the printer will later create and choosing the 
materials that will be used. One of the first steps is to obtain a biopsy of the organ. Common technologies used for 
bioprinting are computed tomography (CT) and magnetic resonance imaging (MRI). To print with a layer-by-layer ap-
proach, tomographic reconstruction is done on the images. The now-2D images are then sent to the printer to be made. 
Once the image is created, certain cells are isolated and multiplied. These cells are then mixed with a special liquefied 
material that provides oxygen and other nutrients to keep them alive. In some processes, the cells are encapsulated in 
cellular spheroids 500μm in diameter. This aggregation of cells does not require a scaffold, and are required for placing 
in the tubular-like tissue fusion for processes such as extrusion.

Post-bioprinting: The post-bioprinting process is necessary to create a stable structure from the biological material. If 
this process is not well-maintained, the mechanical integrity and function of the 3D printed object is at risk. To maintain 
the object, both mechanical and chemical stimulations are needed. These stimulations send signals to the cells to con-
trol the remodeling and growth of tissues. In addition, in recent development, bioreactor technologies have allowed the 
rapid maturation of tissues, vascularization of tissues and the ability to survive transplants. 

Bioreactors work in either providing convective nutrient transport, creating microgravity environments, changing the 
pressure causing solution to flow through the cells, or add compression for dynamic or static loading. Each type of bio-
reactor is ideal for different types of tissue, for example compression bioreactors are ideal for cartilage tissue. 
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