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    Environmental conditions play an important role in the survival of living beings. Clean and safe environmental conditions ensure good health and well-being of living organisms. Rapid industrialization, urbanization and massive population growth have led to the deterioration of the environment. Various components of the environment, i.e., air, water and soil, have shown deterioration in their quality due to increased anthropogenic activities. Therefore, it becomes necessary that appropriate steps are taken to remediate the environment and achieve the goal of creating a sustainable environment. Various technologies have been developed globally in this direction and offer huge potential to accomplish environmental sustainability.




    In this book, Dr. Bhupinder Dhir has drawn great attention to an important issue of environmental degradation. She used her expertise to develop a book that can provide readers with updated knowledge about the current environmental scenario. Furthermore, emerging technologies promoting environmental sustainability have been discussed. The chapters in the book deal with some of the modern-day technologies, such as nanotechnology, renewable sources of energy and alternate sources of energy and fuels that contribute to the sustainability of the environment. Recent topics such as the development of green technologies, biodegradable polymers, and plastics have been dealt with in this book in detail. She has also tried to highlight the role of biotechnology in tackling problems related to environmental degradation. These modern-day technologies help in the remediation of environmental pollutants, save non-renewable sources of energy and prevent environmental degradation. This book by Dr. Bhupinder Dhir will undoubtedly contribute significantly to inspiring researchers, students, policymakers and environmentalists working in the related area.
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    Rapid population growth and increasing urbanization have posed a threat to natural resources. Soil, air and water are facing degradation in quality due to overexploitation and getting damaged at a higher rate due to an increase in pollution. Researchers and scientists worldwide are engaged in developing strategies and techniques that help us achieve a sustainable environment. Focus has been shifted to new techniques such as bioremediation, nanotechnology and biotechnology. Besides this development of alternate fuels, eco-friendly materials, or the use of non-conventional sources of energy has also been emphasized.




    This book presents an overview of various methods and techniques that can be adapted to get a sustainable environment. It provides a detailed study about the role of biotechnology, nanotechnology and other techniques that help in achieving minimum degradation of environment and utilization of natural resources to achieve sustainability in terms of energy, food and water security. The author uncovers the various environmental problems caused by anthropogenic activities. The book suggests various ideas for getting solutions to various environmental problems, whether related to the monitoring of environmental pollutants, their removal from various sectors of the environment, or remediation via various techniques.




    The book has been divided into three sections. The first section focuses on the use of biotechnological techniques in improving the quality of air, water and soil. The second section discusses the use of nanotechnology in achieving environmental sustainability. Various alternate sources of energy, fuels and other technologies that are eco-friendly and do not harm the environment have been elaborated on in section three of the book. The book provides a comprehensive overview of the key concepts of sustainability and ideas for students. The book is suitable for students having introductory interdisciplinary courses in the fields of environmental science, engineering, biotechnology sociology. The book is of use to researchers, faculty members, policyholders and planners who play a major role in encouraging the development of methods to ensure the long-term sustainability of the planet. The text includes material on environmental sustainability of water, food, and energy that are related to social and economic stability.
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      Abstract




      Growing need for energy for sustaining increasing population has resulted in overexploitation of natural resources and over use of fossil fuel-based energy sources (coal, oil and gas). The consumption of non–renewable resources such as coal, petroleum and natural gas has increased tremendously resulting in environmental problems and climatic changes. Emission of greenhouse gases and other environmental concerns have increased. The decline in the quantity of non-renewable resources has generated the search of alternate energy sources. Switch to alternate sources of energy and fuel can be a sustainable option to this problem. Solar, tidal, geothermal, wind are some of the renewable sources of energy that are being focused to curtail the energy crisis and ensure sustainability for environment. A framework based on fulfilling the SDGs need to be developed which can contribute for more profitable, responsible path of economic growth and development.
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      INTRODUCTION




      Pollution, soil degradation, climatic changes, depletion of natural resources are some of the major environmental problems the world is facing today. The main cause of all these alterations is rapid increase in population, industrialization, burning of fossil fuels and many other anthropogenic activities. Ecosystems irrespective terrestrial, aquatic (freshwater, marine) are get affecting by the rapid




      change in the environmental conditions and the rate of degradation is anticipated to speed up in the coming decades.




      CO2 emissions coming from industrial processes, fossil fuel combustion, power stations, cement producing units and refineries has increased at an alarming rate. Increase in emissions of greenhouse gases has contributed to increase in global mean temperature by about 1.09°C in the last few decades. Wildfires across many regions of the world have also contributed to increase in global temperature. Loss in the forest covers at a rapid rate to meet the demand for more food, shelter and cloth for the growing population and other anthropogenic activities has resulted in increase in levels of carbon dioxide. Events such as La Niña altered rainfall seasons creating drought like conditions in many areas and floods in the other ones world. Drought over large parts of Africa, Asia, and Latin America due to heat waves, severe storms, cyclones and hurricanes in other parts of the world are the some of the major changes noted during the last decade. This has affected the agricultural sector to a great extent. The change in climatic conditions exerts diverse impact on the fauna and flora throughout the globe. The change in temperature has resulted in melting of glaciers and associated increase in the water level in seas and oceans. Ocean warming via thermal expansion of sea water has increased threat to aquatic life. Global warming has also lead to decrease in pH of ocean water.




      Natural resources are support to any civilization. They are beneficial to humans and were naturally classified as agricultural land, fisheries, mineral resources, fuels. Their classification into renewable and non-renewable resources came into existence quiet late and it was based on their existence. Natural resources have noted depletion at an unprecedented rate. The quality of soil, water, air has shown a significant change over the past few decades. Pollution has declined the quality of natural resources such as water, air or land. Erosion, overgrazing, pollution, monoculture planting, soil compaction, land-use conversion has affected the quality of soil and lead to its deterioration. Depletion in soil quality has affected its productivity thereby threatening the food security at global level. According to an estimate, about 12 million hectares of farmland are getting degraded each year. All these changes have severely affected the survival of the living beings.




      Non renewable resources are being utilized by humans in very high quantities resulting in their significant decrease. Environmental degradation is posing as a threat to survival of living beings and leading to extinction of species. A significant loss in biodiversity has been noted every corner of the globe. This has lead to the generation of the concept of sustainability.




      

        Non Renewable Resources




        Non-renewable resources such as fossil fuels mainly coal, petroleum, natural gas and oil are limited in amount. They contribute to bout 85% of the energy consumed all over the world. These resources are formed from organic material from plant and animal remains that existed millions of years ago. Since the materials took millions of years to form, they also require millions of years to replenish. They are highly combustible, hence a rich source of energy. Non-renewable resources are affordable as they are cost effective. These resources can be used to form various products. They provide a major source of energy and medium to carry out various anthropogenic activities. These are consumed faster sources and will eventually get depleted. Their amount has become limited to their misuse and over-utilization, therefore it becomes important that they are sustained for use of future generation. Changes in the status of non-renewable material affect the size of the economy [1, 2].




        Non-renewable resources are used as major source of energy. Many countries of the world use them for industrial, urban and anthropogenic activities which result to increase in pollution and global warming in the environment [3, 4]. The depletion of natural resources is supposed to increase energy crisis. Over use of fossil fuel results in the emission of greenhouse gases, this is primarily responsible for global warming and climate change. Use of non- renewable energy resources leads to environmental degradation and affect the economic growth of the world. A10% rise in consumption of non- renewable energy resources result in 2.11% rise in GDP [5]. The main reason of deviation from non- renewable resources to renewable energy resources is their environmental effects [6-10]. Utilization of energy has both governmental as well as environmental consequences [11-14]. With increase in non- renewable energy resources GDP rises.




        Non-renewable resources, especially metals, can be expanded by reprocessing. This process involves gathering and processing unused industrial and household products to recover renewable materials including metals and plastics. In oil producing countries, natural gas and petroleum and are the main drivers of economic growth [15, 16]. Non- renewable energy resources such as coal, petroleum and natural gas cannot be replicated once exhausted [17, 18]. Industrial energy supplies are mostly based on the use of non- renewable resources. Use of fossil fuel releases certain amount of residue in the form of solid substances and gases. This residue causes environmental pollution.




        Around 300-360 fossil fuels were formed during the time of carboniferous period. About 10 feet of solid vegetation got flattened, heated and created foot of coal. Round about 50% electricity is produced from coal. According to the U.S Energy Information Administration, the global transportation of crude oil is enough to meet human demand through the year 2050.


      




      

        Categories of Non-renewable Resources




        

          Metals




          Pure elemental substances or mixture of numerous metals and non- metals have many uses Fig. (1). They can be used in industries are zinc, aluminum, chromium, iron, lead, manganese, uranium, mercury, nickel. Ore is obtained by mining and metal is extracted from ore containing oxygen and sulphur. If the metals have sulphide minerals, they are treated in presence of oxygen at high temperature. This releases gaseous sulphur leaving the metal behind.
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Fig. (1))


          Metal Mining and Use Source: Modified from Freedman [19].



          This diagram depicts major stages of the mining, manufacturing, use, re-use of metals, and associated emissions of waste gases, particulates to the environment. The diagram represents a flow-through system, with recycling to extent.


        




        

          Fossil Fuels




          Fossil fuel includes coal, natural gas, oil send and petroleum. These materials are obtained from the biomass of dead plants and microorganisms buried under ground hundreds of millions of years ago Fig. (2). Nowadays fossil fuels are manufactured by subjecting dead biomass to high temperature and pressure. Their reserves will get diminished when they are extracted from the environment.
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Fig. (2))


          An oil pump in southeastern Saskatchewan. Source: B. Freedman [20].

        




        

          Coal




          Coal contains carbon and hydrocarbon matter. Coal is extracted by digging up the ground and processed for energy. Coal is one of the one of the inexpensive sources of fuel used for generating electric energy and many other uses. Coal occurs in various forms such as anthracite, lignite, bituminous, and sub-bituminous. Bituminous contains 45% to 86% of carbon. It has high heat content and is used in generating energy and in making steel and iron. It is the energy resource and used in electric power plants to generate electricity. Bituminous coal reserves are found in good amount in Illinois, U.S.A. Total amount of coal reserve in Illinois base is 104.2 billion tons [21]. Generally it contains high sulphur content as it releases gases that harm the environment. The curable reserve i.e. amount of coal that can be recovered from existing coal reserves is approximately 1.24 billion tons [22]. According to an estimate that the reserves of coal are likely to last till 2170.


        




        

          Petroleum




          Petroleum is a liquid mixture of hydrocarbons with some contamination such as organic compound that contain nitrogen, sulphur and vanadium. Petroleum must be heated to form an extremely light liquid that immediately volatizes into the atmosphere. 49.29 million barrels of distillate fuel oils, 29.75 million barrel of jet fuels, 21.1 million barrels of liquefied petroleum gas and 1033,000 barrels of residual fuel oils and other (includes asphalt and road oil, aviation, kerosene) [23]. The fragment may be used as a fluid fuels, or they can be assembled into many useful materials such as plastics and other pigments. It occurs in various forms with different uses. A light hydrocarbon combination known as Gasoline is used to fuel automobile. Moderate weight fraction, includes diesel which is used as a fuel by trucks, trains and homes. Kerosene, another form of petroleum is used for cooking and as a fuel for airplanes. Thick residual oil, is used a fuel that used in oil- fired power plants and large ships. Semi-solid form is used to pave roads and manufacture roofing products.




          Reserves of petroleum had been decreasing over the last 20 year period. Its cost has been increasing making it non-viable economic resources [24]. Fossil fuels are used at a large scale mainly in advanced and rapidly developing economies.


        




        

          Oil




          Oil is the third amongst the fuel used for power generation in whole world. Around 50% of oil i.e. crude oil in the world is turned into gasoline. Oil and natural gas also have a more limited availability and are estimated to last until 2041 and 2071.




          Use of non- renewable resources exerts bad effect on environment by the way they processed, used and disposed off. Burning of fossil fuel produces high amount of carbon dioxide which is a major cause of global warming [25, 26]. Most of the countries fulfil their energy needs from fossil fuels such as coal and natural gas and consumption of energy increases, emission of carbon is increasing as well [27]. About 66% of energy in the world is obtained from fossil fuels, while 8% is generated from nuclear energy [28-32]. Boontome et al. [33] used ECM Granger causality technique to indicate that expenditure of non- renewable energy expand carbon emission but had trivial collision on economic growth. According to GMM and pooled mean group estimates, fossil fuel utilization enhanced carbon dioxide emission but delayed economic growth in advanced economies.




          A possible approach to decrease emission from coal- fired power plant is through enhanced energy efficiency and conservation program [34]. One procedure to restraint emission from coal-fired power plants is through a request response program, which needs consumers to use minimum amount of energy and consequently construction of fewer coal- fired power plants.


        


      




      

        Nuclear Fuels




        Nuclear fuels are obtained through mining and refining of uranium ore. Nuclear fuels mostly include unstable isotopes of heavy elements such as Uranium and Plutonium. In nuclear reactions atoms combine into dissimilar compounds without changing their internal structure. Nuclear fission liberates energy in the form of heat. Numerous environmental problems are associated with nuclear power generation. An unrestrained chain reaction can result in a devastating nuclear explosion [35]. It generates power through a process known as nuclear fusion. It is used for running turbines and generates nuclear power.




        Apart from fossil fuel other classes of non- renewable resources include metals, minerals such as potash and gypsum. Limestone, glass sand, peat, copper, gold are other non renewable resources. The stocks of these resources can be maintained if managed properly.


      




      

        Effect of Non- renewable Resources on Environment




        Fossil fuels burn to produce carbon dioxide which results in greenhouse effect [36]. Apart from greenhouse effect, coal-fired plants are the highest source of mercury emission which lead to neurological and neurobehavioral effect in embryo and young children. Increase in release of carbon impels the central authorities make effort towards execution and unification of energy strategies to stimulate the utilization of cleaner and renewable energy to minimize the consequence of carbon [37].




        Burning of fossil fuels release pollutants that enter the atmosphere and sulphur and other chemicals get back earth in the form of acid rain. This rain proves harmful to fish and aquatic animals and also causes damage to tree as well as forest ecosystem.




        Mining waste dumped into soil and other location results in poor soil quality and enters into food chain. Oil producing companies involved in natural gas and petroleum production are not able to regulate the carbon dioxide emissions. The carbon balance needs to be maintained otherwise it can result in decline in economic growth [38, 39].


      




      

        Energy Use




        In the earlier times, wood was collected and plant biomasses collected were used as the source of fuel or as a source of energy. Biomass fuels are the renewable resource of energy because the rate at which they were being harvested is much smaller than that rate at which new biomass was being produced by vegetation. The energy is used to run industrial operations, machines, to keep cozy in winter, cool in summer and to produce food.




        High amount of energy is mainly used in advanced countries such as Canada and USA. Energy consumption is linked with gross domestic product GDP [40].


      




      

        Protection of Non- renewable Resources




        Most of the people in the world totally depend on non-renewable resources. It is very essential to encourage alternative energy resources such as renewable resources like solar and wind power. Decreasing our dependency on non-renewable resources and increasing usage of renewable energy is one of the solutions to a sustainable future [41]. Efforts are made to shift to renewable sources of energy like solar, wind, biogas and geothermal energy. Use of renewable energy may implicit a dilemma between growth and environmental quality.




        Action like driving electric and hybrid vehicle, installing solar panels and appositely insulating home and business and using energy efficient appliances are all smaller- scale changes to reduce usage of non-renewable resources. Enhanced response means encouraging consumers to reduce usage of electricity at their place, as consequences of comprehensive prices of electricity. Electricity is very important and useful type of energy used in industrial societies, extensively administered to industries and homes. Solar energy can also produce electricity directly, via photovoltaic technology.




        Renewables are projected to be the fastest-growing energy source and nuclear power is expected to be the world’s second fastest-growing source of energy. Renewable fuels are expected to grow faster than fossil fuels by the year 2040 [42]. Natural gas is expected to be the fastest-growing fossil fuel in the future because it is abundant natural gas resources and increased production includes supplies of tight gas, shale gas, and coal bed methane. The rise in oil price is expected to make consumers opt for more energy-efficient technologies and move away from liquid fuels.


      


    




    

      ENVIRONMENTAL SUSTAINABILITY




      World commission on Environment and development of the United Nation defined sustainability development as “development that meets the needs of the present without compromising the ability of future generous to meet their own needs”. Sustainability is defined as the development relates to three interconnecting goals: environmental, economic and social. Sustainability requires protection of environment, economic growth and responsibility towards social life. The abstraction of sustainability has been more commonly associated with planet earth. The concept of sustainability growth development was non-segregated into various disciplines.




      The consumption of nonrenewable resources may only be sustainable if the existing supply of the resource does not decline in the future. This can only be possible if technological advancement allows for a meaningful increase in the efficiency of the consumption of these resources in the future and the increased development of renewable sources.




      Environmental sustainability is very biggest matter faced by the human being at present. Growing population together with enormous growth in anthropogenic activities has increased the matter of sustainability of natural resources on our planet. It has become important to cover the ever growing energy need in deposition to achieve sustainable development and reduce the pollution of resources used [43]. The implementation of environmental sustainability assists to make sure that the needs of today’s population are encountered without threatening the ability of future generations to meet their needs Fig. (3). Many countries are implementing strategies for development of superior environmental quality by decreasing further worsening of situation. Such strategies are established both by the government’s direct and indirect monitoring interferences. The consciousness for more aware environmental living can be spread among the society by means such as environmental education, behavior and moral preaching [44]. Production using energy inputs that increase pollution can be administered by enforcing taxes and fines [45-48]. Our environmental strategy focus to reduce the construction of waste, exclude practices that involve the use of dangerous chemicals, with an aim to clean environmental set up.
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Fig. (3))


      Flow chart showing various steps leading to environmental sustainability.



      Around 17 Sustainable Development Goals (SDGs) which included 169 targets were proposed by The United Nations General Assembly at the UN in New York by the Open Working Group. The 17 (SDGs) can transform the world as they aim at reducing poverty, hunger, promoting good health and well-being, providing quality education, maintain gender equality, provision of clean water and sanitation, affordable and clean energy and economic growth. The SDGs add great value and simultaneously demand to the scientific community. The set of global SDGs were set with the aim that climate change and its impacts will be combated, and a sustainable future is ensured for future generations. In addition to climate change, focuss has also been given on renewable energy, food, health and water provision through a coordinated global monitoring and modelling of socially, economically and environmentally oriented factors.




      The replacement of fossil fuel-based energy sources with renewable energy sources such as solar energy, geothermal energy, hydropower, wind and ocean energy (tide and wave) will help in achieving sustainability. The role of governments, intergovernmental agencies, parties and individuals need to be ensured for achieving a sustainable future. It is noted that implementation of renewable energy technologies will generate about 2.3 million jobs all over the world. These will be in the sectors such health, education, energy and environmental safety. Seventh SDG ensures affordable and clean energy to all which can be achieved by using renewable energy source since they are generally distributed across the globe.




      Improvement in education, awareness, and human institutional capacity environmental issues is required. Countries need to incorporate decarbonization policies and strategies into various sectors such as energy, forest, health, agriculture, water resource, and many other sectors. Partnership between developed, developing and least developed countries will help in promoting the distribution and transfer of environmentally friendly technologies, innovations and will help in achieving sustainability in a shorter possible time.




      Five key steps to environmental sustainability:





      

        	Environmental compliance 



          

            	Establishing legal environmental compliance.




            	Environmental strategy and commitment register.




            	Environmental Management




            	Recognition and Execution as “Best Practice”.




            	Sectoral Benchmark (Working towards ISO 14001)


          


        




        	Environmental management system (ISO14001) 



          

            	Aligance and Planning




            	Execution and Management




            	Quantitative and Qualitative indicators of performance




            	Ongoing review and upgrade improvement


          


        




        	Environmental Performance 



          

            	Environmental Performance Evaluation




            	Basic life cycle assessment




            	Environmental reporting


          


        




        	Environmental Sustainability 



          

            	Back- casting and Ecological foot printing




            	Emission and Impact Reduction strategies




            	Change of reasonable and Innovation


          


        


      




      The term “Sustainable Development” was first popularized in report given by the World Commission on Development and environment, an agency of United Nation. According to an estimate, about 5-to-10 fold expands in the human economy could be sustained. The solution of sustainable development is possible only by means conventional and economic policies so that sustainable human economy is ascertained.




      The concept of Sustainable development modified total economy [49-52]. Consequently, the modified net economy (savings) variable is used as the sustainable development variable Fig. (4). Environmental economies help in detecting the costs of following kinds of impairment.
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Fig. (4))


      Diagram showing the integration of Environment and Economics in the society. 



      

        	The expenditure of natural resources, involve its longer term inference for the continuation of future generation.




        	Disruption that cause harm to natural ecosystems.




        	Impairment and destruction of species.




        	Ecological and pollution and human health effect.


      




      Environmental destruction is though recognized as essential but its advantages are only partly captured by conventional economies.


    




    

      CONCLUSION




      Non-renewable resources decline at an alarming rate because of their tremendous use as source of energy and fuel. Non-renewable resources can be used at very large extant to achieve the economic growth but are not the basis of sustainable economy. Non- renewable resources cause harm to environment to a greater extent. The life of fossil fuels is only few hundred years. Hence use of non- renewable resources need to be restricted to save environment and secure future of coming generations. Besides this alternate sources of energy and fuel need to be explored. Renewable sources of energy provide a viable option to this problem. Use of renewable energy sources and other strategies for minimal use of non-renewable resource can help in achieving the SDGs and secure a better environment top live in.


    


  




  

    

      AUTHOR’S CONTRIBUTION




      All authors have equally contributed to this chapter.


    




    REFERENCES




    

      

        	



        	

      




      

        	
[1]



        	Adelman MA. Mineral Depletion, with Special Reference to Petroleum. Rev Econ Stat 1990; 72(1): 1-10.[http://dx.doi.org/10.2307/2109733]

      




      

        	
[2]



        	Australasian Institute of Mining and Metallurgy. Australasian Code for Reporting of Mineral Resources and Ore Reserves (The JORC code). Prepared by the Joint Ore Reserves Committee of The Australasian Institute of Mining and Metallurgy, Australian Institute of Geoscientist and Minerals Council of Australia (JORG); 1999.

      




      

        	
[3]



        	Mahalik MK, Mallick H, Padhan H. Do educational levels influence the environmental quality? The role of renewable and non-renewable energy demand in selected BRICS countries with a new policy perspective. Renew Energy 2021; 164: 419-32.[http://dx.doi.org/10.1016/j.renene.2020.09.090]

      




      

        	
[4]



        	Mohsin M, Rasheed AK, Sun H, et al. Developing low carbon economies: An aggregated composite index based on carbon emissions. Sustain Energy Technol Assess 2019; 35: 365-74.[http://dx.doi.org/10.1016/j.seta.2019.08.003]

      




      

        	
[5]



        	Adams S, Klobodu EKM, Apio A. Renewable and non-renewable energy, regime type and economic growth. Renew Energy 2018; 125: 755-67.[http://dx.doi.org/10.1016/j.renene.2018.02.135]

      




      

        	
[6]



        	Dogan E. Analyzing the linkage between renewable and non-renewable energy consumption and economic growth by considering structural break in time-series data. Renew Energy 2016; 99: 1126-36.[http://dx.doi.org/10.1016/j.renene.2016.07.078]

      




      

        	
[7]



        	Destek MA. Renewable energy consumption and economic growth in newly industrialized countries: Evidence from asymmetric causality test. Renew Energy 2016; 95: 478-84.[http://dx.doi.org/10.1016/j.renene.2016.04.049]

      




      

        	
[8]



        	Destek MA, Aslan A. Renewable and non-renewable energy consumption and economic growth in emerging economies: Evidence from bootstrap panel causality. Renew Energy 2017; 111: 757-63.[http://dx.doi.org/10.1016/j.renene.2017.05.008]

      




      

        	
[9]



        	Ozcan B, Ozturk I. Renewable energy consumption-economic growth nexus in emerging countries: A bootstrap panel causality test. Renew Sustain Energy Rev 2019; 104: 30-7.[http://dx.doi.org/10.1016/j.rser.2019.01.020]

      




      

        	
[10]



        	da Silva PP, Cerqueira PA, Ogbe W. Determinants of renewable energy growth in Sub-Saharan Africa: Evidence from panel ARDL. Energy 2018; 156: 45-54.[http://dx.doi.org/10.1016/j.energy.2018.05.068]

      




      

        	
[11]



        	Adedoyin FF, Alola AA, Bekun FV. An assessment of environmental sustainability corridor: The role of economic expansion and research and development in EU countries. Sci Total Environ 2020; a713: 136726.[http://dx.doi.org/10.1016/j.scitotenv.2020.136726] [PMID: 32019050]

      




      

        	
[12]



        	Adedoyin FF, Gumede MI, Bekun FV, Etokakpan MU, Balsalobre-lorente D. Modelling coal rent, economic growth and CO2 emissions: Does regulatory quality matter in BRICS economies? Sci Total Environ 2020; b710: 136284.[http://dx.doi.org/10.1016/j.scitotenv.2019.136284] [PMID: 31923665]

      




      

        	
[13]



        	Etokakpan MU, Adedoyin FF, Vedat Y, Bekun FV. Does globalization in Turkey induce increased energy consumption: insights into its environmental pros and cons. Environ Sci Pollut Res Int 2020; 27(21): 26125-40.[http://dx.doi.org/10.1007/s11356-020-08714-3] [PMID: 32358749]

      




      

        	
[14]



        	Udi J, Bekun FV, Adedoyin FF. Modeling the nexus between coal consumption, FDI inflow and economic expansion: does industrialization matter in South Africa? Environ Sci Pollut Res Int 2020; 27(10): 10553-64.[http://dx.doi.org/10.1007/s11356-020-07691-x] [PMID: 31939028]

      




      

        	
[15]



        	Shahbaz M, Hye QMA, Tiwari AK, Leitão NC. Economic growth, energy consumption, financial development, international trade and CO2 emissions in Indonesia. Renew Sustain Energy Rev 2013; 25: 109-21.[http://dx.doi.org/10.1016/j.rser.2013.04.009]

      




      

        	
[16]



        	Awodumi OB, Adeleke AM. Non-Renewable Energy and Macroeconomic Efficiency of Seven Major Oil Producing Economies in Africa. Zagreb International Review of Economics and Business 2016; 19(1): 59-74.[http://dx.doi.org/10.1515/zireb-2016-0004]

      




      

        	
[17]



        	Suwono A, Mansoori GA. Proceedings of Fluid and Thermal Energy Conversion (FTEC) Conferences www.uic.edu/labs/trl/ftec.home/ 2003, 2006.

      




      

        	
[18]



        	Araujo PLBD, Mansoori GA, Araujo ESD. Diamondoids: occurrence in fossil fuels, applications in petroleum exploration and fouling in petroleum production. A review paper. Int J Oil Gas Coal Technol 2012; 5(4): 316-67.[http://dx.doi.org/10.1504/IJOGCT.2012.048981]

      




      

        	
[19]



        	Freedman B. Environmental Ecology (2nd ed.), 2nd ed.1995.

      




      

        	
[20]



        	Freedman B, Hutchings J, Gwynne D, et al. Ecology: A Canadian Context (2nd ed.), 2nd ed.2014.

      




      

        	
[21]



        	IDCEO Illinois Department of Commerce and Economic Opportunity (2010) ‘The Illinois coal Industry’, Report of the office of Coal Development, 2010 Report, p.1-31.

      




      

        	
[22]



        	IDCEO Illinois Department of Commerce and Economic Opportunity (2008) ‘The Illinois Coal Industry’, Report of the Office of Coal Development, 2008 Report, p.1-75.

      




      

        	
[23]



        	US-EIA U.S. Energy Information Administration, (2011) ‘State Energy Data System: Illinois’, Independent Statistics and Analysis, Technical Notes and Documentation. Data Release Date: 2011-06-20.

      




      

        	
[24]



        	Harris JM, Roach B. Environmental and Natural Resource Economics: A Contemporary Approach (3rd ed.), 3rd ed.2014.

      




      

        	
[25]



        	Dogan E, Seker F. Determinants of CO2 emissions in the European Union: The role of renewable and non-renewable energy. Renew Energy 2016; 94: 429-39.[http://dx.doi.org/10.1016/j.renene.2016.03.078]

      




      

        	
[26]



        	Apergis N, Ben Jebli M, Ben Youssef S. Does renewable energy consumption and health expenditures decrease carbon dioxide emissions? Evidence for sub-Saharan Africa countries. Renew Energy 2018; 127: 1011-6.[http://dx.doi.org/10.1016/j.renene.2018.05.043]

      




      

        	
[27]



        	Elum ZA, Momodu AS. Climate change mitigation and renewable energy for sustainable development in Nigeria: A discourse approach. Renew Sustain Energy Rev 2017; 76: 72-80.[http://dx.doi.org/10.1016/j.rser.2017.03.040]

      




      

        	
[28]



        	Bolt K, Matete M, Clemens M. Manual for calculating adjusted net savings. Unpublished Working Paper Environmental Department. Washington (DC): The World Bank, 2002.

      




      

        	
[29]



        	Arrow K, Dasgupta P, Goulder L, et al. Are we consuming too much? J Econ Perspect 2004; 18(3): 147-72.[http://dx.doi.org/10.1257/0895330042162377]

      




      

        	
[30]



        	Hamilton K. Sustaining economic welfare: estimating changes in per capita wealth. World Bank Policy Research Working Paper No: 2498. Washington DC: The World Bank, 2005.

      




      

        	
[31]



        	Ahmad M, Akram W, Ikram M, et al. Estimating dynamic interactive linkages among urban agglomeration, economic performance, carbon emissions, and health expenditures across developmental disparities. Sustainable Production and Consumption 2021; a26: 239-55.[http://dx.doi.org/10.1016/j.spc.2020.10.006]

      




      

        	
[32]



        	Alvarado R, Deng Q, Tillaguango B, et al. Do economic development and human capital decrease non-renewable energy consumption? Evidence for OECD countries. Energy 2021; 215: 119147.[http://dx.doi.org/10.1016/j.energy.2020.119147]

      




      

        	
[33]



        	Boontome P, Therdyothin A, Chontanawat J. Investigating the causal relationship between non-renewable and renewable energy consumption, CO 2 emissions and economic growth in Thailand 1 1This is a preliminary work. Please do not quote or cite without permission of the authors. Energy Procedia 2017; 138: 925-30.[http://dx.doi.org/10.1016/j.egypro.2017.10.141]

      




      

        	
[34]



        	Taib S, Al-Mofleh A. Tools and Solution for Energy Management, Energy Efficiency - The Innovative Ways for Smart Energy, the Future Towards Modern Utilities 2012.[http://dx.doi.org/10.5772/48401]

      




      

        	
[35]



        	Owusu PA, Asumadu-Sarkodie S, Dubey S. A review of renewable energy sources, sustainability issues and climate change mitigation. Cogent Eng 2016; 3(1): 1167990.[http://dx.doi.org/10.1080/23311916.2016.1167990]

      




      

        	
[36]



        	Halder PK, Paul N, Joardder MUH, Sarker M. Energy scarcity and potential of renewable energy in Bangladesh. Renew Sustain Energy Rev 2015; 51: 1636-49.[http://dx.doi.org/10.1016/j.rser.2015.07.069]

      




      

        	
[37]



        	Sharif A, Mishra S, Sinha A, Jiao Z, Shahbaz M, Afshan S. The renewable energy consumption-environmental degradation nexus in Top-10 polluted countries: Fresh insights from quantile-on-quantile regression approach. Renew Energy 2020; 150: 670-90.[http://dx.doi.org/10.1016/j.renene.2019.12.149]

      




      

        	
[38]



        	Shahbaz M, Kumar Tiwari A, Nasir M. The effects of financial development, economic growth, coal consumption and trade openness on CO2 emissions in South Africa. Energy Policy 2013; 61: 1452-9.[http://dx.doi.org/10.1016/j.enpol.2013.07.006]

      




      

        	
[39]



        	Wolde-Rufael Y. Coal consumption and economic growth revisited Zagreb. Int Rev Econ Bus 2016; 19(1): 59-74.

      




      

        	
[40]



        	Caraiani C, Lungu CI, Dascălu C. CO2 emissions, renewable and non-renewable energy consumption, and economic growth: evidence from panel data for developing countries. Inter Econ 2015; 36(1): 553-9.

      




      

        	
[41]



        	Chofreh AG, Goni FA, Shaharoun AM, Ismail S, Klemeš JJ. Sustainable enterprise resource planning: imperatives and research directions. J Clean Prod 2014; 71: 139-47.[http://dx.doi.org/10.1016/j.jclepro.2014.01.010]

      




      

        	
[42]



        	Rungtusanatham MJ, Choi TY, Hollingworth DG, Wu Z, Forza C. Survey research in operations management: historical analyses. J Oper Manage 2003; 21(4): 475-88.[http://dx.doi.org/10.1016/S0272-6963(03)00020-2]

      




      

        	
[43]



        	Ozturk I, Acaravci A. Electricity consumption and real GDP causality nexus: Evidence from ARDL bounds testing approach for 11 MENA countries. Appl Energy 2011; 88(8): 2885-92.[http://dx.doi.org/10.1016/j.apenergy.2011.01.065]

      




      

        	
[44]



        	Xia Z, Abbas Q, Mohsin M, Song G. Trilemma among energy, economic and environmental efficiency: Can dilemma of EEE address simultaneously in era of COP 21? J Environ Manage 2020; 276: 111322.[http://dx.doi.org/10.1016/j.jenvman.2020.111322] [PMID: 32891035]

      




      

        	
[45]



        	Sun H, Pofoura AK, Adjei Mensah I, Li L, Mohsin M. The role of environmental entrepreneurship for sustainable development: evidence from 35 countries in Sub-Saharan Africa. Sci Total Environ 2020 741: 140132.

      




      

        	
[46]



        	Al Asbahi AAMH, Gang FZ, Iqbal W, Abass Q, Mohsin M, Iram R. Novel approach of principal component analysis method to assess the national energy performance via energy trilemma index. Energy Rep 2019; 5: 704-713.

      




      

        	
[47]



        	Mohsin M, Zhang J, Saidur R, Sun H, Sait SM. Economic assessment and ranking of wind power potential using fuzzy-TOPSIS approach. Environ Sci Pollut Res Int 2019; 26(22): 22494-511.[http://dx.doi.org/10.1007/s11356-019-05564-6] [PMID: 31161545]

      




      

        	
[48]



        	Sun H, Tariq G, Haris M, Mohsin M. Evaluating the environmental effects of economic openness: evidence from SAARC countries. Environ Sci Pollut Res Int 2019; 26(24): 24542-51.[http://dx.doi.org/10.1007/s11356-019-05750-6] [PMID: 31236865]

      




      

        	
[49]



        	Aidt TS. Corruption, institutions, and economic development. Oxf Rev Econ Policy 2009; 25(2): 271-91.[http://dx.doi.org/10.1093/oxrep/grp012]

      




      

        	
[50]



        	Aidt TS. Corruption and sustainable development 20101061.

      




      

        	
[51]



        	Spaiser V, Scott K, Owen A, Holland R. Consumption-based accounting of CO2 emissions in the sustainable development Goals Agenda. Int J Sustain Dev World Ecol 2019; 26(4): 282-9.[http://dx.doi.org/10.1080/13504509.2018.1559252]

      




      

        	
[52]



        	Güney T. Governance and sustainable development: How effective is governance? J Int Trade Econ Dev 2017; 26(3): 316-35.[http://dx.doi.org/10.1080/09638199.2016.1249391]

      


    


  




  




  

    Role of Biotechnology in Treatment of Solid Waste




    


    Bhupinder Dhir1, *




    

      1 School of Sciences, Indira Gandhi National Open University, New Delhi, India


    






    

      Abstract




      Waste management has become a major global concern. The rapid rise in the rate of population has increased the generation of waste at a tremendous pace. Improper disposal of agricultural, household, municipal and industrial wastes can pose a threat to the health of living beings and the environment. Industrial waste, in particular, is highly hazardous as it contains toxic chemicals and metals. Many methods of waste disposal have been adopted, but most of them produce various kinds of after-effects, therefore, biological methods have been adopted because of their eco-friendly and sustainable nature. Sustainable waste management aims to minimize the amount of waste generation. Waste is treated in a proper way, involving the steps such as segregation, recycling and reuse. Biotechnological methods such as composting, biodegradation of xenobiotic compounds and bioremediation have been tried. These methods have proved useful in treating waste in an eco-friendly way. More research studies need to be carried out to standardize the method for the proper treatment of waste so that environmental sustainability can be achieved.
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      INTRODUCTION




      Waste released from municipal, domestic and industrial processes is becoming a problem worldwide. Solid waste includes wastes obtained from household, commercial and demolition activities. In the present era, e-waste (electronic) has also become an issue of concern. Besides these, medical waste, radioactive waste and many other forms of waste are generated. Globally, municipal, domestic, industrial, plastic and electronic waste has been discarded at an alarming rate by people worldwide. It is becoming difficult to manage waste generated in huge quantities. Increasing waste is proving a threat to the environment. The main reason for this is rapid industrialization and urbanization-change in the lifestyle of individuals. Recent reports indicated that the rate of waste generation at present is estimated to be about 0.25 to 0.66 kg/person/day [1]. Studies suggest that the rate of disposal of municipal solid waste (MSW) all over the world is around one billion metric tons. The amount of waste disposal is expected to reach 2.2 billion by the year 2025. Plastic is one of the major components of MSW. The wastes are both biodegradable (organic waste) and non-biodegradable (Table 1).




      

        Table 1 Different types of wastes.




        

          

            

              	Type of waste



              	Examples

            




            

              	Non-biodegradable waste

            


          



          

            

              	E-waste



              	Disposed/discarded computers, TV, music cassettes, disks, printer cartridges, electronic items

            




            

              	Liquid waste



              	Waste from industries, tanneries, distilleries, thermal power plants

            




            

              	Plastic waste



              	Bags, bottles, cans, packaging etc


            




            

              	Metal waste



              	Metal sheets, metal scraps

            




            

              	Nuclear waste



              	Waste released from nuclear power plants

            




            

              	Miscellaneous



              	Foil, wrappings, pouches, sachets, tetra packs, discarded clothing, old/broken furniture, and discarded equipments

            




            

              	Biodegradable or wet waste

            




            

              	Household waste



              	Vegetable waste, Fruit peels kitchen waste (cooked and uncooked food items)

            




            

              	Garden waste



              	Green/dry leaves

            




            

              	Sanitary wastes



              	Tissue papers, napkins, toilet papers

            


          

        




      




      The wastes are generally disposed of in open dumps, landfills, or subjected to incineration or composting. The practices of disposal of waste in open dumps or incineration affect the various components of the environment, such as soil, land and affect public health via the outbreak of diseases. Waste treatment is important before it is released into the environment to prevent ecological imbalance. There is a need to develop technologies so that waste is treated in a manner that does not bring any harm to the environment. Generally direct combustion or crushing of the waste (such as agricultural, household, municipal and certain biomass materials) after sorting has been followed, but these activities release gases such as CO and CO2 into the atmosphere. If wastes are not treated properly, it emits gases like methane (CH4) and carbon dioxide (CO2), which cause air and water pollution [2]. The problem can be mitigated if wastes are treated and processed by adopting environment-friendly technologies before disposal.




      Many waste management policies and technologies have been developed, and efforts have been made to tackle waste in an effective manner by public and private agencies. Waste management is an activity that helps in organizing waste from its production to the process of final treatment. Waste management includes processes such as collection, sorting, treatment and recycling of waste materials. Each and every kind of waste needs to be managed in an efficient manner (Fig. 1). Sustainable waste management strategies aim to reduce the production of waste or follow activities that engross the reuse of waste materials in some or the other way. Less amount of waste generation will prevent contamination and the spread of diseases. Waste management is considered a key element for a sustainable environment [3, 4]. Sustainable waste management reduces the number of products such as plastic along with an increase in means of their recycling at the same time.




      
[image: ]


Fig. (1))


      Various ways in which organic waste can be treated.



      Besides the physcio chemical methods, biowaste treatment technologies, including direct land application, animal feed, combustion, physical and chemical treatment processes, temperature treatment (such as pyrolysis, liquefaction, gasification) and biological treatment (composting, vermicomposting, anaerobic digestion, fermentation) have also shown promising results with an aim for achieving waste management [5, 6]. Biowaste treatment reduces threats to human health and environmental deterioration [7. 8]. Conversion of waste-to-energy (WTE) is suggested as another way of handling waste effectively. This technology is supposed to produce a good amount of energy via the utilization of waste, thus reducing its quantity and lessening the chances for soil and land pollution. It also suggests a way of safe disposal of waste. The waste-to-energy technique has been adopted by many developed countries. Biotechnology deals with waste management by degrading harmful elements and toxic chemicals with the help of microbes [9]. Biodegradable waste can be effectively treated and converted into useful products using microorganisms. Microbes that possess the potential to metabolize any kind of waste can be engineered via molecular techniques.


    




    

      APPROACHES FOR SOLID WASTE MANAGEMENT (SWM)




      Solid waste management has received recognition as a technology by government agencies and local authorities in most countries of the world as a viable strategy for the treatment of waste. Public-private, community-public and private-private partnerships have been working to manage the waste. The private sector includes registered enterprises. These agencies help in the transport, treatment, disposal and recycling of waste. Wastepickers, waste buyers, and traders form an important component of small-scale private sector units that play very important in management of waste. Public sector undertakings involve local departments and at the city level. Activities related to solid waste management are carried out by various NGOs.




      Steps involved in waste management include




      1. Segregation of waste at the source which involves the separation of biodegradable and non-biodegradable solid waste.




      2. Treatment of different types of solid wastes by using suitable techniques.




      Biowaste treatment is done in different types, which include direct use, physico-chemical treatment, thermochemical treatment and biological treatment.




      

        Combustion




        Combustion or open burning is the burning of waste in open or dump sites. The volume of waste gets reduced after combustion but results in the emission of harmful gases into the environment [10]. This practice is followed as one of the primary practices by developing or undeveloped countries all over the world because it is very easy, requires no prior technical knowledge, and is cost-effective [11, 12]. The emission of gases resulting from complete and/or incomplete combustion of waste poses a threat to human and environmental health. Stockholm Convention declared combustion as an “environmentally unacceptable process” [12].


      




      

        Thermal Treatment




        Heat is also used for the treatment of waste materials. This method helps in recovering energy for electricity or heating. Advantages such as quick reduction in the volume of waste, less cost of transportation and low greenhouse gas emissions make this approach more acceptable. The treatment process has proved very useful in the treatment of non-biodegradable waste with low moisture content. Incineration and pyrolysis/gasification are the two main techniques included in this category. This process results in the de-composition of organic matter present in the waste to produce heat energy or fuel oil or gas. The method is practiced by many local authorities. It acts as an inexpensive solution for the management of solid waste.




        Thermal waste treatment includes processes such as Incineration and Gasification and Pyrolysis. In the process of incineration, the combustion of waste material occurs in the presence of oxygen. The waste gets reduced in volume after heating. Combustion of waste produces heat and electricity. Incineration works well, ideally in a situation where waste does not want to get stored. One of the drawbacks of the method is that heat produced during the process pollutes the air by the release of gases. In Singapore, 8,200 tons of garbage/ waste is incinerated daily. This results in a reduction of its volume by 90%. Incineration plants produce over 2,500 MWh of energy daily. Reusable metals can also be recovered via the process that can be sold for profit. The process of pyrolysis is mainly used in industrial processes where the combustion occurs in the absence of oxygen.




        Organic waste materials get decomposed after exposure to low amounts of oxygen and high temperature. The production of gas from waste involves the process of gasification. Waste is combined with oxygen and/or steam to produce ‘syngas’, a gas that can then be used to make numerous useful products such as transport fuels, fertilisers or electricity. The gasification process requires a lot of energy, and the reactors need regular maintenance. A very low amount of oxygen is used in gasification [13, 14]. In the process of gasification, burning recovers energy but does not cause air pollution.


      




      

        Bio-chemical Conversion




        This process works well for wastes with a high percentage of bio-degradable (organic) matter and high moisture/water content. These conditions stimulate microbial activity. The main methods that come in this category are anaerobic digestion (also known as Bio-methanation). The enzymatic decomposition of organic matter by microbial action produces methane gas or alcohol [15, 16].


      




      

        Biological Treatment




        Biological treatment processes involve the use of living organisms for waste degradation. The process takes place in moist conditions. Biochemical processes are comparatively slow and require less energy in comparison to thermochemical conversion [17]. Other methods include the treatment and disposal of solid waste by applying biotechnology in controlled conditions. Xenobiotic compounds can be removed via the process of biodegradation. Waste can also be treated following a bioremediation process that involves the use of living organisms, particularly microorganisms, for the treatment of chemical compounds and other pollutants. Some studies have also shown that larvae of insects show a capacity to convert waste into protein products. For example - house flies and blow flies help in managing slaughterhouse waste [18].




        

          Composting




          Solid organic waste can be treated by the process of composting. The process involves using microorganisms to decompose waste under controlled conditions [19]. Organic matter is broken down by microorganisms to produce carbon dioxide, water and heat. The decomposition of organic matter in composting is carried out under controlled aerobic conditions. Humus is a stable organic product formed during the process. Composting can be done for different types of organic solid wastes. Leaves, grass, food and agricultural waste, newspapers, vegetable, cereals and organic waste are some of the materials that can easily be composted [20]. Composting involves various steps such as separation of the waste, compaction in the presence of moisture and optimum temperature to get humus-like substance. The three phases in composting are the mesophilic phase which lasts for a couple of days, the thermophilic phase, which lasts for a few weeks to several months, and the cooling and maturation phase, which lasts for several months [20]. The metabolic reactions carried out by microorganisms help in the degradation of the material during the thermophilic phase.




          Moist conditions support the microbial activity required for the process of composting [21, 22]. Compost formed by the process is a material rich in nutrients such as nitrogen, potassium, phosphorus, a range of beneficial minerals and humus. All these things benefit the growth of plants [22]. Compost is used in the amendment of damaged soils, restoration of landfill cover and remediation or restoration of land [23].




          Rapid composting involves the addition of chemicals such as bauxite and phosphogypsum to solid waste to accelerate the rate of waste biodegradation. The addition of chemical compounds such as bauxite increases the temperature and pH of the composting mixture. It also acts as a catalyst that provides the proper aeration required for carrying out composting. The rate of decomposition of the composting mixture can also be increased by adding glucose, a carbon source.


        




        

          Vermicomposting




          Vermicomposting method involves the use of microorganisms and earthworms for the breakdown of solid waste. In this process, organic waste gets degraded and stabilized under controlled aerobic conditions. Manure (vermicompost) rich in nutrients is formed [24, 25]. A pre-composting phase occurs before vermicomposting. Microorganisms are present in the gut and intestine of the worms. The earthworms feed on waste and promote microbial activity. The fecal material produced by microbes proves beneficial in improving the quality of the vermicompost and helps in the quick degradation of organic waste [28]. Household waste, organic municipal waste, sewage sludge and organic waste residues can be converted into manure by the process of vermicomposting [26, 27]. The method of vermicomposting is less energy-consuming, cost-effective and economically feasible as compared to conventional technologies.


        




        

          Anaerobic Degradation




          Anaerobic degradation/biomethanization or biomethanation process results in the decomposition of organic matter under an anaerobic environment [29, 30]. Anaerobic conditions support the decomposition of waste. Anaerobic digestion degrades high levels of sugar, starch, proteins, or fats present in the substrates. The substrates vary according to organic content present, carbon: nitrogen ratio, percentage of dry matter and volatile solids present in the dry matter and biogas. The process is used mainly in the treatment of municipal solid waste and sewage sludge, industrial wastewater and agricultural residues [31, 32]. Methane generated during the process can be used in cooking, generating heat and producing electricity. This is a process similar to composting.




          The microbial communities carry out anaerobic digestion in a bioreactor. They degrade organic matter present in waste compounds into products, such as methane and carbon dioxide, collectively called biogas [33, 34]. Biogas production occurs through a batch or continuous process or can be a single or multi-step process. The biogas is mainly composed of methane (CH4), carbon dioxide (CO2), and sulfuric elements (H2S) (Table 2). The reduction of waste protects the environment. Assessment of the activity of microorganisms and factors that affect biogas production can help to enhance the fermentation process and reduce the cost of processing. Animal waste, agriculture residues, municipal waste, sewage sludge and organic wastes from food are the main residues used in biogas production.




          

            Table 2 Components of biogas.




            

              

                

                  	Components of Biogas



                  	Percentage

                


              



              

                

                  	Methane (CH4)



                  	55-65

                




                

                  	Carbon dioxide (CO2)



                  	35-45

                




                

                  	Nitrogen (N2)



                  	0-3

                




                

                  	Hydrogen (H2)



                  	0-1

                




                

                  	Hydrogen sulphide (H2S)



                  	0-1

                




                

                  	Ammonia (NH3)



                  	0-1

                




                

                  	Oxygen (O2)



                  	0-2

                


              

            




          


        


      




      

        Biodegradation




        Microorganisms possess a high capacity to degrade xenobiotic compounds that generally show resistance to biodegradation. Some of the xenobiotic compounds that can be degraded by microbes are listed in (Table 3).




        

          Table 3 List of Common Microorganisms for Xenobiotic Compounds.




          

            

              

                	Xenobiotic Compounds



                	Microorganisms Degrading Xenobiotic Compound

              


            



            

              

                	Petroleum hydrocarbons



                	
Bacillus sp. S6 and S35

              




              

                	Pesticides Glyphosate



                	
Pseudomonas putida, P. aeruginosa and Acinetobacter faecalis


              




              

                	Organochlorine – DDT



                	Morganella morganii, Stenotrophomonas maltophilia, Actinomycetes

              




              

                	Tetrachlorvinphos



                	Proteusvulgaris, Stenotrophomonas maltophilia

              




              

                	Chlorpyrifos



                	Bacterial strains

              




              

                	Atrazine



                	Providencia spp, Enterobacter spp

              


            

          




        




        

          Bioremediation




          The process in which living organisms, viz. microbes and plants, remove waste or pollutants from various components of the environment, such as water and soil, is called bioremediation. It is an environment-friendly method. The process of bioremediation can occur in natural conditions (in situ) or outside the habitat or nature (ex situ). In the process of in situ remediation, treatment in the contaminated soil or water takes place at the site without removing containments. The treatment/ degradation of compounds is carried out by bacteria. In the other type, i.e., ex-situ bioremediation, the contaminated soil is removed and transferred to other places for treatment. It includes composting, bio piling and land forming. In composting, the degradation of waste is carried out by controlled conditions, the temperature (55-65oC). In the process of land forming, the contaminated soil is excavated and tilled at regular time intervals to initiate the process of degradation. Bio piling is a process in between land forming and composting. The process is effectively used in the treatment of petroleum hydrocarbons. The time duration of the whole process is about 2 to 3 months.




          Biosparging is the process in which waste, such as petroleum products like diesel, gasoline, and lubricating oil, is treated. The concentration of oxygen is increased by injecting the air below groundwater under pressure. The air pressure needs to be controlled properly to avoid the liberation of volatile particles to the atmosphere that causes air pollution. Solid waste compounds get degraded aerobically via the process of bioventing. The rate of treatment of waste varies for each site as the composition of hydrocarbons varies, and soil texture shows differences. Oxygen and nutrients like phosphorus and nitrogen are injected into contaminated sites, which increases the removal process. Microorganisms are introduced into the contaminated site to accelerate the degradation process in bioaugmentation. The rate of degradation of contaminants present in the groundwater and soil is supported by the specific metabolic activity of microbes. The microorganisms degrade contaminants to non-toxic compounds like chloride and ethylene.


        




        

          Fermentation




          In the process of fermentation, microorganisms produce energy in the form of adenosine triphosphate (ATP) by the degradation of organic nutrients anaerobically. The process results in the degradation of waste along with the production of bio-ethanol (ethyl alcohol) [35]. Bio-ethanol (gasoline) is an environmental-friendly fuel [36]. It is produced from various sources such as sugars, starch and lignocellulose-based biomass using different conversion technologies [37-40]. It is mainly produced from corn-derived (starch-based) and sugarcane-derived (saccharose-based) feedstocks [41-43]. Bioethanol was produced using vegetable waste with the help of the yeast Saccharomyces cerevisiae [44]. The residues such as rice straw, potato waste, sawdust, corn stalks, sugarcane bagasse and sugar beet from agro-waste industries are used for the production of biofuels [45-47]. Agro-industrial residues act as cheap resources that contain a high amount of constituents and possess the unlimited potential to be used as an alternative substrate for fermentation. Bioethanol can be produced from edible (1st generation) and non-edible lignocellulosic (2nd generation) feedstock [48, 49]. Research studies are being conducted to get bio-ethanol from low-grade lignocellulosic biomass [50].


        


      


    




    

      SUSTAINABLE APPROACHES FOR TACKINLG SOLID WASTE




      Refuse, reduce, reuse and recycle are some of the sustainable strategies suggested for tackling solid waste. Refuse means denying buying anything which we don’t require, while reduce is related to minimizing the amount of waste generated either by reducing its quantity, decreasing its production, changing the form of waste, or extracting useful materials (such as packaging materials) from it. Reuse involves using waste materials to get other useful things, i.e., using waste things to their maximum capacity [15]. For example, instead of paper plates, solid metallic/plastic plates can be used that can be cleaned and used again. The process of recycling involves the use of waste components again in another manufacturing process [16]. Recycling it requires energy, money, and resources to turn waste back into usable materials. These four approaches prove useful in minimizing the quantity of waste generated. Garbage can be recycled to get useful products and provides raw materials for new products. Plastics and steel can be treated using these methods. Lead from used batteries can be recycled and used in new batteries. These approaches to solid waste management are comprehensive, cost-effective, environment-friendly and sustainable.


    




    

      BIOTECHNOLOGICAL METHODS FOR THE TREATMENT OF SOLID WASTE




      

        Solid-state Fermentation (SSF)




        Solid waste from food, beer and wine, agriculture, paper, textiles, detergent, and animal feed industries mainly serves as a substrate for solid-state fermentation (SSF) [51, 52]. Cereal grains (rice, wheat, barley, and corn), legume seeds, wheat bran, lignocellulose materials, such as straws, sawdust or wood shavings, and a wide range of plant and animal materials, act as common substrates for SSF [53]. These substrates are polymeric in nature and are insoluble or sparingly soluble in water. Less amount of water or its absence offers several advantages such as easy product recovery, low cost of production, less time for fermentation, reduced downstream processing, and decrease in requirement of energy for stirring and sterilization [54]. Some SSF processes require the growth of selective microbes, such as molds. Single pure cultures, mixed cultures, or consortiums form a major part of the SSF process. The process of SSF is regulated by processes such as microorganisms, type of solid support used, water, temperature, aeration and type of fermenter used. Extracellular enzymes secreted by microorganisms carry out at low moisture levels. Microorganisms like fungi, yeasts, and bacteria are used in the process of SSF. They require high moisture content for carrying out efficient fermentation [55]. Molds are frequently used in SSF as they grow naturally on solid substrates, such as pieces of wood, seeds, stems, and roots and help in maximizing the production of value-added products.




        The process of SSF involves many steps starting with the selection of substrate, and treatment of substrate by mechanical, chemical or biochemical means. This improves the availability of the nutrients present and also reduces the size of the components. Thereafter hydrolysis of polymeric substrates such as polysaccharides and proteins occurs followed by fermentation. Finally, the products are purified and quantified.




        The technique of SSF is gaining importance because of the use of different types of organic wastes and the large-scale production of value-added products [56]. The process of SSF has emerged as a sustainable and green process that converts organic wastes into valuable products. The process of SSF is relatively simple and involves the use of abundant low-cost biomaterials with minimum or no prior treatment for conversion, and less wastewater generation [57]. Biologically active metabolites are produced during the conversion of organic solid wastes by SSF. Enzymes, organic acids, biofertilizers, biopesticides, biosurfactants, bioethanol, aroma compounds, animal feed, pigments, vitamins, and antibiotics are some of the products of the SSF process [58]. Agricultural wastes, in particular, are used to produce large value-added products using this process [59]. Different substrates produce different valuable products based on the differences in their composition.


      




      

        



        Enzyme Production




        Wastes, particularly agro-industrial wastes, are used as a raw material as they support the growth of microorganisms [58, 60-65]. Fermentation results in the production of many valuable enzymes (Table 4). Amylase is one of the important enzymes that is used in the processing of starch obtained from industries. It helps in the degradation of polysaccharides into sugar components. Different cellulolytic enzymes, such as endoglucanase and β-glucosidase, are produced from agricultural wastes by solid-state cultivation [66]. Amylase and glucoamylase are produced from waste such as peel, seed, oil cakes, and field residues (such as rice and wheat bran) by A. awamori in solid-state fermentation [67-69]. Aspergillus niger MTCC 104 has shown the production of α-amylase via solid-state fermentation [45, 70, 71]. When oil cakes are used as the substrate for agro-industrial waste, the production of lipase enzymes is noted [72]. Aspergillus ibericus was used for the production of lipase.




        

          Table 4 Enzymes produced by microorganisms using agro-industrial wastes.




          

            

              

                	Substrates



                	Enzymes



                	Microorganisms

              


            



            

              

                	Papaya waste



                	α-Amylase



                	A. niger

              




              

                	Groundnut oil cake



                	Lipase



                	C. rugosa

              




              

                	Wheat bran and orange peel



                	Pectin methyl esterase



                	P. notatum

              




              

                	Linseed oil cake



                	Lipase



                	P. aeruginosa

              




              

                	Orange peel



                	α-Amylase



                	A. niger

              




              

                	Coconut oil cake



                	α- Amylase



                	A. oryzae

              




              

                	Rice bran



                	α-Amylase



                	
Bacillus sp.

              




              

                	Corn bran



                	α-Amylase



                	
Bacillus sp.

              




              

                	Rice bran, wheat bran, black gram bran, and soybean



                	α-Amylase



                	A. niger

              




              

                	Fruits peel waste



                	Invertase



                	A. niger

              


            

          




        


      




      

        Single-cell Protein Production




        The production of single-cell protein (SCP) from fruit wastes has been reported [73]. Cucumber and orange peels were used as the substrate for the production of SCP along with Saccharomyces cerevisiae by the method of submerged fermentation. Microbes show the capacity to convert fruit wastes into SCP. Orange peel waste has also been used for the production of Poly (3-HB) [74]. Biosurfactants and xanthan (food additive, basically an exopolysaccharide produced from Xanthomonas species) can be produced along with enzymes from agro-waste such as castor oil, sunflower oil, barley bran, peanut cake, and rice bran [75].


      




      

        Enzymatic Degradation




        Enzymes possess tremendous potential for degrading pollutants. Enzymes degrade a wide range of recalcitrant materials via oxidation. They carry out degradation at a wide range of temperatures, pH and salinity.


      


    




    

      ENERGY GENERATION THROUGH WASTE




      The process of conversion of waste into energy, either fuel or in the form of heat or electricity, is called as Waste-to-Energy or WTE. The process results in the production of clean and renewable energy (US EPA). Biowaste-derived energy has been gaining importance due to the increasing demand for energy [76-80]. Sweden has been converting 100% of their garbage into clean energy. WTE provides benefits such as a reduction in waste going to landfills by 60% to 90% depending upon the composition of waste, and a reduction in environmental pollution. The utilisation of garbage for energy can reduce waste by almost 90% and recover fuel gas for cooking and electricity at the same time. If waste is converted to energy, the production of methane is reduced, and at the same time, the consumption of natural resources such as coal, oil, and gas is reduced. Waste to energy is thus a very good technology aimed at better sustenance of the environment, with minimum damage to the environment. WTE sector can thus support the global economy by creating approximately 14,000 jobs.


    




    

      CONCLUSION




      Solid waste generation has noted a tremendous rise in the last few decades. Since the dumping or disposal of waste exerts a tremendous effect on natural resources such as soil, land and water, various technologies have been explored to treat waste and prevent pollution. Composting has been found to be the most suitable method for the simple degradation of organic waste. Bioremediation is another method that helps in the degradation of various types of solid waste. Its potential for further research in achieving sustainable solid waste treatment needs to be explored. Biotechnology is among one the approaches recommended for the efficient treatment and disposal of solid waste. The technique has proved useful in maintaining the sustainability of soil and land resources. Microorganisms also prove useful in the removal or treating waste via the process of fermentation. Reuse, recycle, reduce and refuse are four ways to help create wealth from waste and reduce waste input into landfills. Agro-industrial wastes, in particular, can be used as solid support in SSF processes, which can lead to the production of a range of beneficial products. New approaches need to be adopted to get cost-effective treatment of solid waste and maintain the sustainability of natural resources such as soil and land resource.
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