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1. Introduction 
The solution for the production and decarbonization of energy is at the center of the world's attention. Sustainability is a constant demand and solar panels are one of the solutions developed and very effective in the search for reduction of CO2 emissions. In 2017 the total global energy capacity produced by PV Solar Panels was 402 GW, with an additional 98GW added in the same year. With another 76GW being installed in 2016 [1] (Ren21 -Paris-France 2018). AIE - International Energy Agency has proven that between 2015 and 2017 solar energy was the only energy that grew without interruptions.[2] Temperatures rising by 2 degrees Celsius, IEA estimates that by 2030 photovoltaic capacity will increase by 15% per year. [3]
Solar energy has a promising expansion because it is considered a clean and environmentally friendly energy. Its technology was able to achieve the desired goals in protecting the planet and the existing life. But the growth of the production of these panels also means the increase of residues generated by the end of life and the breakdown of these.[4] The European Union, aware of the environmental impact of the waste from solar PV panels, has urged producers of this technology to take appropriate precautions in the orientation of recycling and disposal of materials.[5]
The problem of excess waste produced on our planet is also a global concern and agencies encourage people and companies to seek solutions in creating new functions so that materials can be recycled and reused, thus avoiding exaggerated waste dumping.[6]  Considering and being positive the fact that these materials are being used and transformed, will decrease the extraction of raw material from the planet. Because the current predominant paradigm is based on the linear consumption model, often called "take-make-waste". In linear economics, materials and resources are collected for production and consumption on a one-way street, eventually ending up in landfills, incinerators or wastewater. The need for alternative models of production, distribution and consumption are necessary. The demand for the solution with the circular economy for the solar panels is indispensable. Millions of solar panels are distributed throughout the world, which means that in one to two decades the end of life of the panels obliges us to reuse them and recycle them, otherwise we would have tons of waste without end harms our planet and causing unnecessary expenses of raw material.[6] Circular economics is a response to this demand and has already caught the attention of many leading companies and industries around the world. Finding effective ways to loop and recycle products and materials reduces the risks to the company and allows them to use the maximum value of each resource. This forces companies to rethink their business processes, from design, manufacturing, distribution, consumer use, reuse / repair and recycling to a new life cycle of the material. During the following years, the circular economy will provide the emergence of new business ecosystems.[7]

1.1 Report structure 
This assignment is intended to be used as a guide for companies that need to rise their circularity with Solar PV panels. The goal of the study is to afford a complete enormous description on circular economy that covers both general and local perspectives. This part was carried out as a desk research is based on literature, academic articles and previous case studies about circular economy. The empirical part surveys the current state of circularity of examines a case study. The findings of this study indicate that there is a paradigm shift happening in the fields of business, production and consumption. Finding effective ways to loop products and materials reduces the risks of the companies and allows them to utilize the maximum value of each resource. Instead of regarding only the raw material value, also the value of engaged in the product during processing stages should be considered. On Chapter 2 will be provide the denomination of Circular Economy. on Chapter 3 will be developed the Sustainability and Solar PV and all fazes after term of your life. On Chapter 4 that’s the report to identify and develop circular economy of Solar PV Panels and will be evaluate and considerate step by step from the Design, to the manufacturer, the transportation to the consumers, the use and reuse and finally the recycle and transformation of the materials. On Chapter 5 after collect all of this knowledge will be conclude this work with consistent information to inform all readers how important Circular economy of Solar PV panels in our life’s is, in environment, and future, how and why we need to reduce the consumption of raw materials, and reduce the production of waste for our planet, even take part of the decarbonization of energy too.

2.Circular economy
The circular economy is increasingly reported in the news and has long had a compelling case to be on the international agenda due to the urgency to respond to climate change and reduce carbon emissions. According at 6 Nov. 2018 – Designing Building wiki [8]
Circular economy holds a vast amount of value potential in the form of reduced losses, increased stability in the materials supply and new business opportunities. Circular economy will work as a soil for new types of business ecosystems and value networks. The job creating potential is significant included all fazes with the materials from solar PV panels. According to the findings in the empirical part, the shift towards a more circular economy has already started and circularity can be an integral part of successful business with Solar PV

      3.Sustainability
Current patterns of consumption and growth are driving society on a highly unsustainable path. It is common for a capitalist market economy to focus on financial value, but attention must be paid to the abuse of these resources [8] which, when misused, can cause serious damage to the environment. It is a fact that the current model of economic growth has generated serious global imbalances. While on one side there is an abundant wealth, on the other side there is a contrast with misery, environmental degradation and increasing pollution. As a result, the development of integrated actions of social, environmental and economic approaches to new business policies will be crucial for the planet. Based on the literature, there is a great incompatibility between what should be practiced achieving sustainable development and the way societies produce and consume. 
[image: https://www.iea.org/media/news/2017/SDS.png]
[bookmark: _Hlk6849899]              Fig. 1 Energy and air pollution scenario and sustainable goals
Although it has contributed to the improvement of the environment and society, sustainability has left gaps in the resolution of so many environmental and social problems caused, for the most part, by the undue exploitation of natural resources and the constant search for economic results. Circular economics emerges as a model for environmental protection, pollution prevention and sustainable development [9] and is increasingly receiving increasing attention in the world as a strategy to overcome the current linear production and current consumption model.(Fig.1) By promoting the adoption of closed production standards, the circular economy aims to increase the efficiency of resource use, with a special focus on urban and industrial waste, aiming to achieve a greater and better balance between economy, environment and society. In this way, circular economy cannot be developed without considering what is proposed by sustainability.[10]
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             Fig. 2 Life-Cycle GHG Emissions of Different Energy Technologies
According by AIE, 2017 One of the novelties of the 2017 World Energy Outlook (WEO), the International Energy Agency’s flagship publication, is a new scenario that provides an integrated way to achieve three critical policy goals simultaneously: climate stabilization, cleaner air and universal access to modern energy.[11]
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              Fig. 3 Global Solar PV research 2018 (www.pv-tech.org/news)
      4. SOLAR PHOTOVOLTAIC  
      4.1 Solar PV – materials
The worldwide solar energy market has increased more than 25 percent to 50.6 GW by 2015. Developing markets in Asia and America are now improving solar energy progress. The highest 3 global markets in 2015 were China, Japan and the USA - as 2014. China and Japan accounted for extra than 50% of global photovoltaic capacity additions in 2015. Overall worldwide fitted solar capacity could raise to over 600 GW by 2020, on behalf of a development rate of over 160% of the 229 GW of bespoke photovoltaic systems by the end of 2015. It is estimated that by 2020 we will have more than 700GW. Solar panels accounted for 51.4% of the global market share of solar panels in 2016 and are valued at high values of millions. These panels are used for their high efficiency, mainly for having a longer life and a high tolerance to the sun's rays. Although they are expensive, its design is a nice visual style because it has a uniform color and a standardized model. Its high level of efficiency makes it the market leader. Its thin film characterizes the with advantageous properties, such as its flexibility, light weight and quite resistant to high temperatures. These boards enable large scale manufacturing considering their cost viability and is anticipated to develop the quickest developing section throughout the following eight years. [12] Exist two types of solar panels the silicon based, and thin-film based. (4.2.6)
                        [image: Image result for solar pv % in graphic of materials can be recycling]
     Fig.4 Total of material from PV solar panels Recycled between 2010-2016           
                                            
      4.2 Solar PV Panels lifespan
The end-of-life management of PV panels is a particularly important stage with respect to using these materials, which would be lost if incinerated or would result in harmful environmental eﬀects if discarded. The recoverable percentage of each material used to produce the modules is particularly high for glass and aluminium (Al) (97% and 100%, respectively), smaller but still signiﬁcant for copper (Cu) and Tellurion (Te) (around 80%), and less signiﬁcant for rare metals such as indium (In) and gallium (Ga) (75% and 99%, respectively), which only represent about 1% of the total panel weight. At present, oﬃcial data on the amount of PV waste produced and disposal and recycling techniques adopted in the international and European contexts is fragmentary. Moreover, although multiple technological processes are under development for the processing and recycling of PV modules, only two are being implemented on an manufacturing scale: one applied to c-Si modules by Deutsche Solar (previously operational in Germany), and the other reﬁned by First Solar for thin-ﬁlm CdTe modules (currently operational in the United States, Germany, and Malaysia [13]. Other processes exploring experimental mechanical, thermal and chemical techniques are being conducted and funded by major European Union research programmes: Recovery of Solar Valuable Materials, Enrichment and Decontamination, and Sustainability Evaluation of Solar Energy Systems. [14]
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                                    Fig.5 Solar PV panels components 
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                                          Fig.6 Cdte Solar cells
4.2.1 Design
The developing the innovation of Design for future generations of photovoltaic solar panels giving the possibility of reuse of materials and easy dismantling facilitating the reuse and recycling of 100%. [15] Develop eco-design based on advanced characterization techniques to probe the substitution of materials and quantify stability for a better route of improvement. The fact that the design is developed leads to a greater benefit of the economy, the environment and social, which leads to further develop solar photovoltaic panels as a sustainable means of energy production with a circular economy.

       4.2.2 Manufacturing
Effective recycling will require joint achievement by the photovoltaic sector. Since the generation of the photovoltaic cells themselves may be much extended than that of the photovoltaic modules and the process of remanufacturing high purity wafers and silicon requires relatively much energy, the reuse of cells, wafers or silicon would be environmentally preferable, and efforts should objective of economic justification. Thin film photovoltaic technologies deliver the industry-leading eco solutions because of their low material consumption, efficient manufacturing processes and fast turnaround times. Using less electricity during production, thin film PV technologies generate the amount of energy needed to produce them up to 3.5 times faster than crystalline silicon PV technologies. With continuity of the design coming from the first stage, methods were developed and created so that the useful time of manufacture of the panels was reduced with the objective of being consumed a reduced value of energy in its production, being that it guarantees a reduction of CO2 emissions. With an interest in sustainable production, the wrap will also be studied with a practical design and with recyclable materials to facilitate its transport safety. Always considering the economic part of the manufacturing company and the safety and health of its employees.[16] Warranties needs to be given by the manufacture.
       4.2.3 Distribution
The environmental turnover and loss calculation it’s about make sure that the organization have a nuanced considerate of the environmental impacts whether positive or negative. Minimize the impact with CO2 emissions is the most important, that means transport needs to be reduced as much as possible. Which means that in the development process of the circular economy this is a field that is also exploited in order to reduce the environmental impact.  

         4.2.4 Consumer use
Methods of introducing consumer information need to be introduced as an added environmental, social and economic value. Each country must develop habits in its citizens that it must project a better future, and the use of the materials and the repair of the materials must be an asset for all.
         4.2.5 Reuse/repair                                                                   
A circular economy goes beyond the pursuit of waste prevention and waste reduction to inspire technological, organisational and social innovation across and within value chains. Considerate a circular economy with solar PV, to reduce costs, time and waste for owners and companies is developing with new companies. Its time to stop the linear consumption. Even, solar PV needs to be reused.

         4.2.6 Recycle 
There are two types of solar PV panels, demanding different recycling methods. Mutually types silicon based, and thin-film based can be recycled by different trade courses. Presently, silicon-based panels are more common, though that does not mean that there would not be great value in the materials of thin-film based cells. Investigation studies showed on the topic of recycling solar panels have caused in numerous technologies. Some of them even reach an astonishing 96% recycling efficiency. The silicon-based have a disassembly processing of aluminum separation from glass. Practically 95% of the glass is reused while aluminum is remodeled into cell frames. While the remaining material is treated at 500°C in a thermal processing unit to bond between elements. with this extreme value the encapsulated plastic evaporates leaving the silicon cells free to be processed. The technology ensures that the plastic is not wasted. after the entire process the green hardware is separated, which guarantees 80% of use and all that remains is refined. The wafers are removed with acid, and the parties are melted for use again, obtaining a result of 85% silicon recycling rate. Since thin film-based films are processed differently, they are completely ground. a machine with a hammer makes sure that the particles have no more than 4 to 5 mm, which is the size where the lamination that holds the internal materials is broken and therefore can be removed. The remaining substance is liquid. In order to separate the solid particles from the liquids, a rotary screw is then used, which keeps the solid parts spinning inside a tube, while the liquid drips into a container. Liquids go over a process of precipitation and dehydration to guarantee purity. The resulting substance permits complete the metal processing to separate the different semiconductor materials. The last step depends on the current technology used in the production of the panels; that mean 95% of the semiconductor material is reused. Solid materials are polluted with so-called added materials, which are lighter in mass and can be removed concluded a vibrating surface. What remains is clean glass, saving 90% of the glass to facilitate remanufacturing.
In fact, if recycling processes were not put in place, there would be 60 million tons of PV panels waste lying in landfills by the year 2050; since all PV cells contain certain amount of toxic substances, that would truly become a not-so-sustainable way of sourcing energy. According by Greenmatch.co.uk / Blog /The Opportunities of Solar Panel Recycling, 1 April 2019
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                                     Fig.7 Circular economy of Solar PV
5. Case study 
Sustainability and concern for the reduction of waste on the planet, with demand for solutions being a constant fact with the circular economy. This study was developed based on the circular economy of the photovoltaic panels, is the case study "PV Waste Management at the Crossroads of Circular Economy and Energy Transition: The Case of South Korea" was used.
Developed on valid information, this study studied the integration of solar panel recycling in South Korea, since there is no local policy available, several countries around the world already do 80 to 90% of reuse of material. South Korea has not yet developed a government plan to encourage companies to develop economically, socially and environmentally credible sustainability in the area of solar panels that will soon become obsolete. Having concluded that it will be a task for the government of South Korea.


6. Conclusion
Solar energy is going through a great time thanks to the cheaper and lower cost of the solar power plants produced in recent years, making this renewable energy more accessible than ever. Since the beginning of this century, the number of installed panels has grown due to the demand for energy decarbonization and the creation of new sustainable ways of generating clean energy. The fact that photovoltaic panels have a lifespan of between 25 and 30 years means that the first installed panels will be removed, and the volume of obsolete panels will continue to grow over time. This will result in millions of tons of glass and metal that will need to be recycled. To know what to do with the solar panels used, we can see what specific measures have been taken in several countries around the world and the sad reality is that some countries still classify them as junk. It can be concluded that the case study integrated in this study does not yet have solutions for the circular economy of photovoltaic solar energy, and several countries that recycle them, such as Japan, France, Germany or the United States, use two methods of recycling that prove that percentage of material recovered is 90% approx. The EU also introduced in 2012 changes to the WEEE Directive (Waste of Electronic and Electric Equipment) to maximize more sustainable panel recycling systems. On the other hand, the International Renewable Energy Agency (IRENA) is encouraging governments to implement different policies, such as tax incentives, public funding, etc. so that the agents involved in its recycling are prepared and can adapt their systems to the task that awaits them in the coming decades. They also suggest a recycling approach that enhances the integration of different entities, including photovoltaic panel manufacturers, consumers, and the waste and recycling industry. This also implies greater education in the operation and management of panels, which is reflected in the design of recycling. 

Recommendations: Storage system for solar PV case study
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