
Role of Sustainable Manufacturing system in Industry 4.0

Prof. Jayashri V. Chopade

Department of Mechanical Engineering

Pimpri Chinchwad college of Engineering and Research, Ravet. Pune, India

Chopadejv91@gmail.com

Dr. Kanchan D. Ganvir

Department of Mechanical Engineering

Priyadarshini Bhagwati college of Engineering, Nagpur, India

kanchan.ganvir100@gmail.com

Dr. Gulab. D. Siraskar

Department of Mechanical Engineering

Pimpri Chinchwad college of Engineering and Research, Ravet.

Pune, India

gdsiraskar@gmail.com

ABSTRACT

This paper focuses on Sustainable manufacturing by which waste can be minimizes and can reduce the impact of environment. Many sustainability tool are to be used to assess the risk of human health, risk of life cycle etc.The objectives of Sustainable manufacturing to introduce the concept of sustainable development and to goals for a society based. To achieve the Sustainability different factors need to consider. This paper also focuses on study of industry 4.0. Industry 4.0 is revolutionizing the way companies manufacture, improve and distribute their products. Manufacturers are integrating new technologies, including Internet of Things (IoT), cloud computing and analytics, and AI and machine learning into their production facilities and throughout their operations. To achieve the green manufacturing waste management and recycling plays important role. In this study waste management like recycling of plastic, wood are considered.
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 INTRODUCTION 


The Sustainable manufacturing (SM) or green manufacturing [1] is a method for manufacturing that minimizes waste and reduces the environmental impact.  These goals are to be obtained mainly by adopting practices that will influence the product design, process design and operational principles. Therefore, sustainable manufacturing may be defined as a system that integrates product and process design issues with issues of manufacturing, planning and control in such a manner as to identify, [2] quantify, assess, and manage the flow of environmental waste with the goal of ultimately reducing the environmental impact to that of the self-recovery capability of the Earth could deal with while also trying to maximize resource efficiency. Sustainable manufacturing is the creation of manufactured products through economically-sound processes that minimize negative environmental impacts while conserving energy and natural resources. The objectives of Sustainable manufacturing to introduce the concept of sustainable development and to goals for a society based. The need of Sustainable manufacturing is to Hunter-gather life in the beginning, to increase the industrialization,[3] urbanization Resulted in environmental degradation- manifested differently in different regions.

SUSTAINABILITY TOOLS

 Risk Assessment


Risk assessment is a tool widely used for characterizing the adverse human health and ecologic effects of exposures. Classically, risk assessments for human health endpoints involves four major steps: a hazard identification, dose-response assessment, exposures assessment and risk characterization. In the hazard identification step a determination is made about the type of effects potentially caused by the environmental exposure. In the dose response step, the level of exposure such as dose or air concentration is related to the level of adverse effect, such as the incidence of a health effect from an environmental exposure. The exposure assessment characterizes elements of the exposure, for example its intensity, frequency, and timing. The risk characterization combines the dose response and exposure assessments to produce descriptions of the risk for the variety of adverse effects determined in the hazard identification step. In this last step, the uncertainty in the description is also characterized along with variability of the effects in those exposed. Risk assessments are important inputs into the process of establishing environmental regulations, cleanup levels, and permitting industrial facilities. An important consideration in any sustainability action is whether environmental or human health will be better or worse off if an action is taken, both near term and in future generations. It is also important to understand not just the direction but also the magnitude. However, it is not always possible to approach these questions quantitatively.

Life-Cycle Assessment



Life-cycle assessment is a “cradle-to-grave” analysis (or “cradle-to-cradle”) of environmental impacts from production, use, and eventual disposal of a product. These assessments are used to analyze the major environmental impacts of various products, to determine how changes in processes could lower the environmental impact, and to compare the environmental impacts of different products. These are already used by EPA and have been used to compare the environmental impacts of transportation fuels and specifically to judge whether biofuels meet requirements for carbon-emissions reductions relative to fossil fuels.

Life-cycle assessments take a systems perspective to include the whole production process, from production of raw materials to eventual disposal and is therefore consistent with, and often an essential component of, sustainability analysis. It requires a large amount of data on necessary inputs, outputs, and various types of environmental emissions of processes. 

Benefit-Cost Analysis

               Benefit-cost analysis is a widely used tool from economics to evaluate the net benefits of alternative decisions. Benefit-cost analysis seeks to assess the change in welfare for each individual affected by a policy choice, measured in a common monetary metric, under a set of alternatives. Most benefit-cost analyses then aggregate the measure of individual net benefits to find a social net benefit and then rank the alternatives. There have been concerns that benefit-cost analysis as commonly applied to environmental issues places too much emphasis on the economic costs and too little on benefits and their distribution. Recent developments in benefit-cost analysis as applied to environmental issues can be used in an attempt to ensure that the full range of benefits and costs can be taken into account better. These developments include, for example, integrating life-cycle analysis into benefit-cost analysis, having improved methods of estimating the value of ecosystem services, and paying close attention to distribution of benefit and costs across different groups in society to address environmental justice concerns.

Ecosystem Services Valuation

              Ecosystem services are goods and services that contribute to human well-being and are generated by ecosystem processes. 

For example, ecosystems can filter contaminants to provide clean water for human use and modulate water flow, reducing the probabilities of flooding and providing higher flows during drier periods. 

Ecosystem-service valuation is an attempt to measure the relative benefits of ecosystem services in a common metric (usually a monetary metric). Ecosystem-services valuation requires integration of ecological and other natural sciences. It is used to better understand the provision of services as a consequence of the state of the ecosystem (“ecologic production functions”) along with economics and other social sciences to gain an understanding of how nature contributes to human well-being (“valuation”).

Integrated Assessment Models

              Integrated assessments cross disciplinary lines to merge theory and data from multiple disciplines to address complex environmental issues. Modeling is the standard tool used for conducting an integrated assessment. Integrated assessment models, such as the Global Change Assessment Model (GCAM), arose in the study of climate change, bringing together global circulation models and economic models to assess the probable benefits and costs of alternative energy- and climate-policy choices.

Although typically not called integrated assessment models, models used for ecosystem-services valuation are also examples that integrate models from multiple disciplines to assess the benefits and costs of alternative policy choices. The strength of integrated assessments is that they combine knowledge from multiple disciplines needed to understand how human actions might affect the system in important ways (e.g., greenhouse gas emissions and the climate system).

Integrated assessments often take an expansive and long-term view, which is suitable for sustainability analysis. Integrated assessment models are often complex, tending to make them nontransparent to nonexperts.

Sustainability Impact Assessment

                 Sustainability impact assessment is used to analyze the probable effects of a particular project or proposal on the social, environmental, and economic pillars of sustainability. This assessment is also used to develop integrated policies that “take full account of the three sustainable development dimensions” and include the “cross-cutting, intangible and long-term considerations” of those policies. Environmental impact assessment tends to focus primarily on the projected environmental effects of a particular action and alternatives to that action. The purpose of environmental assessment is to ensure full consideration of environmental impacts and alternatives, with the understanding that such consideration will ordinarily (but not necessarily) reduce the environmental impact of the decision. 

The objective of the sustainability impact assessment, in contrast, is not only to minimize the environmental impact but also to optimize a particular decision’s contribution to sustainability.

 FACTORS OF SUSTAINABILITY



Six Key Factors for Achieving Sustainable Manufacturing

Optimize  current use of fossil fuels. 

Replace a single-speed motor with a variable-speed or servo drive to reduce energy consumption. 

Use a variable-speed hydraulic pump. 

Use of alternative sustainable sources of energy that is wind, solar, or hydroelectric power.

Eliminate waste.

Consume only the supplies and resources that is need to produce the finished product.

Reduce production costs or time.

Reduce, or eliminate, pollution

Us of as little coolant as possible while performing metal removal. Or de-burring, taking the burrs off of finished material after it’s been cut, another process that uses quite a few powerful chemicals.

Recycle

        Large amount of metal chips produced that are made in machining and finishing processes, to fill it huge hoppers are used and haul them to a recycling facility.

        One solution is “chip puckers,” devices that compress chips, remove the coolant, and form the metal into “hockey pucks,” which are a lot easier to transport and require a lot less energy.

Recover energy, don’t turn it into heat

Reuse of energy that should not be waste.

Save Time

Run a cycle faster without using more energy

Reduce the number of machines need to produce the same quantity of material.

Role in Industry 4.0

Industry 4.0



Industry 4.0 is the digital transformation of manufacturing/production and related industries and value creation processes. Industry 4.0 is used interchangeably with the fourth industrial revolution and represents a new stage in the organization and control of the industrial value chain. Industry 4.0 was introduced in 2011 by German Government to indicate a set of technological changes in manufacturing systems by means of automations and ICT (Information and Communication Technologies), including Cyber-Physical Systems, Internet of Things, Simulation and Modelling, Big Data Analytics, Augmented Reality, Additive Manufacturing, Robotics, Cloud Computing and now also Blockchain. It aims to help incorporate and merge autonomous devices, human beings, physical objects and processes through operational stages in order to create different forms of digital data, functional and high agility value chains during the whole life cycle of a product, process or activity.

The paradigm of Industry 4.0 is implemented in three dimensions:

Horizontal integration across the entire value creation network.

 It refers to the integration of the different IT systems used in the various stages of the manufacturing and business planning processes involving an exchange of products, resources and information.

End-to-end digital integration across the entire product life cycle.

It allows smart business processes to be incorporated across the supply chain, including the factory floor and CPS services. 

The intelligent cross-linking and digitalization cover the application of an end-to-end solution using ITC which are embedded in a cloud.

 Vertical integration and networked manufacturing systems. 

It refers to the integration of different IT systems at different hierarchical levels of the Factory itself during the manufacturing process, from product development to manufacturing, logistics and sales.

Today, 4.0 is supported in every field, not only manufacturing but also in logistics, construction, transportation, medicine and surgery, food production, home automation and so on, even in our daily life with smartphones and watches.

V. LCA related to sustainability within I4.0

 Internet of Things (IoT). 
This technology enables companies to connect multiple devices, which are logistically remote, using

sensors and microprocessors powered by software systems capable of transmitting information across the network.  

In this sense, it is necessary to clarify that such devices are internal to the production machines and that they can be built even after the completion of the latter thanks to the idea that, in the era of Industry 4.0, any physical entity has the potential of being smart with the intention of sharing information on its state and the state of the world in which it is situated.

 Big Data Analytics. 

It refer to a new generation of technologies and architectures that enable organizations to economically extract value through discovering, capturing and analyzing very large volumes of a wide variety of data. Big data analytics enables contemporary organizations to better gain value from the massive amounts of information they already have and identify what is likely to happen next and what actions should be taken to achieve the optimal results. It leads to the Artificial Intelligence (AI).

Cybersecurity. 

        I 4.0 needs accessibility to the environment, with the goal of facilitating integration between various processes. While it is vital that mechanisms are put in communication to share information, it is equally important to monitor this sharing in view to protecting the data flows. In terms of knowledge sharing and data privacy, companies need cybersecurity protocols to better protect a device or a device collection.

Blockchain. 

Often identified as distributed ledger technology is the basis for cryptocurrencies such as Bitcoin and Ethereum, but the features go well beyond that. Blockchain is permanent, decentralized and redefines confidence because it allows open, safe, efficient and prompt public or private solutions. 

Augmented reality (AR). Via 3D modelling, CAD and projection technologies, one of the most innovative applications in industry 4.0 is being promoted as Virtual Reality. Reference is made to a three-dimensional model capable of hosting a human operator within which the goal would be to evaluate the process in order to improve it in the design and commissioning phases, and also to facilitate the training of workers. For Augmented Reality, on the other side, reference is made to the idea of utilizing specific viewers to obtain extra details about the product simply by framing it.

Robotics and Advanced Manufacturing Solutions.

        Robots, perceived as human operators ' partners, are and should be one of the key triggers. Such technologies are capable of rendering manufacturing processes more effective and increasing the productivity of the businesses that use them. Integrated and automated approaches assisted by human involvement in procedures that involve interactions between automatic and manual systems. 

Throughout this case, robots are actual interactive devices capable of sharing knowledge with other devices and human beings, continuing to remain autonomous while configuring the trajectories according to the needs of the output flow. 

Additive manufacturing. 

          It is a technology which, beginning with the digital drawing (aided by a CAD) of the product to be made, is capable of printing it by adding material. 

The nozzle can melt thin layers of powder and add one layer of material, either plastic or metal, on top of another, in order to create any shape. The great promise of this development is therefore the opportunity to switch from the digitally formalized concept straight to the product without even needing to go through intermediary stages, thereby freeing up room for alternative market models where it is possible to produce parts on demand.

LCA is known to be an eco-design tool par excellence because it enables each aspect of a good or service to be analyzed in depth, exploring the nature of the whole life cycle.

 It facilitates the recognition of the most affecting systems and stages and also gives a good picture of the issues that need to be resolved by the action targets. 

It may be used to enhance the current product or to direct decision-making in the development of new goods. Measurement of consumption and impacts, which allows to continuously work and improve products and processes.

VI. Green Manufacturing
              Green manufacturing is the renewal of production processes and the establishment of environmentally-friendly operations within the manufacturing field. Essentially, it is the “greening” of manufacturing, in which workers use fewer natural resources, reduce pollution and waste, recycle and reuse materials, and moderate emissions in their processes. Green manufacturers research, develop, or utilize technologies and practices to lessen their impact on the environment.

As detailed by the Bureau of Labor Statistics, workers at green companies must have specific manufacturing training in green technologies and practices such as:

Energy from renewable sources

              Workers may generate electricity, heat, or fuel from renewable sources for use within their establishment. These sources may include wind, biomass, geothermal, solar, ocean, hydropower, landfill gas and municipal solid waste.

Energy efficiency

Workers will utilize specific technologies and practices to improve energy efficiency within their establishment.

Pollution reduction and removal, greenhouse gas reduction, and recycling. 

Workers will use green technologies and practices to:

Reduce or remove the creation or release of pollutants in their operations.

Reduce greenhouse gas emissions

Reduce or eliminate the creation of waste materials

Collect, reuse, recycle or compost waste materials

Natural resources conservation. 

         Workers will use specific technologies and practices to conserve natural resources, such as those related to organic agriculture, land management, and soil, water, or wildlife conservation.
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Figure 1: Sustainable manufacturing process
VII. Recycling Techniques

 Recycling is the process of converting waste materials into new materials and objects. The recyclability of a material depends on its ability to reacquire the properties it had in its original state. It is an alternative to "conventional" waste disposal that can save material and help lower greenhouse gas emissions. Recycling can prevent the waste of potentially useful materials and reduce the consumption of fresh raw materials, thereby reducing: energy usage, air pollution (from incineration), and water pollution (from landfilling). Recycling is a key component of modern waste reduction and is the third component of the "Reduce, Reuse, and Recycle" waste hierarchy. Thus, recycling aims toward environmental sustainability by substituting raw material inputs into and redirecting waste outputs out of the economic system. Recyclable materials include many kinds of glass, paper, cardboard, metal, plastic, tires, textiles, batteries, and electronics. 

The composting or other reuse of biodegradable waste—such as food or garden waste—is also a form of recycling. Materials to be recycled are either delivered to a household recycling center or picked up from curbside bins, then sorted, cleaned, and reprocessed into new materials destined for manufacturing new products.

 Plastic recycling

Plastic recycling is the process of recovering scrap or waste plastic and reprocessing the material into useful products, sometimes completely different in form from their original state. For instance, this could mean melting down soft drink bottles and then casting them as plastic chairs and tables. For some types of plastic, the same piece of plastic can only be recycled about 2–3 times before its quality decreases to the point where it can no longer be used.

Physical recycling

Some plastics are remelted to form new plastic objects; for example, PET water bottles can be converted into polyester destined for clothing. A disadvantage of this type of recycling is that the molecular weight of the polymer can change further and the levels of unwanted substances in the plastic can increase with each remelt. A commercial-built recycling facility was sent to the International Space Station in late 2019. The facility takes in plastic waste and unneeded plastic parts and physically converts them into spools of feedstock for the space station additive manufacturing facility used for in-space 3D printing.

Chemical recycling

For some polymers, it is possible to convert them back into monomers, for example, PET can be treated with an alcohol and a catalyst to form a dialkyl terephthalate. The terephthalate diester can be used with ethylene glycol to form a new polyester polymer, thus making it possible to use the pure polymer again.

Waste plastic pyrolysis to fuel oil
Another process involves the conversion of assorted polymers into petroleum by a much less precise thermal depolymerization process. Such a process would be able to accept almost any polymer or mix of polymers, including thermoset materials such as vulcanized rubber tires and the biopolymers in feathers and other agricultural waste. Like natural petroleum, the chemicals produced can be used as fuels or as feedstock. Gasification is a similar process but is not technically recycling since polymers are not likely to become the result. Plastic Pyrolysis can convert petroleum based waste streams such as plastics into quality fuels, carbons. 

Waste Paper and Cardboard

Cardboard and Paper Examples  are Waste Cardboard, corrugated containers, used boxes & sheets, Paper, news & magazines, mixed office papers, white office papers. The general principle for cardboard/paper recycling is that the material should be as clean and contaminant free as possible, and should be supplied with a moisture of not more than naturally occurring level of 10% air dried weight, material is usually required baled, ideally in one specific grade.  However loose material can sometimes be accommodated and in all cases, are subject to a satisfactory sample load/consignment.

Storage

Cardboard and paper is ideally stored internally in order to avoid excess rain water when stored externally.

 However, the use of an enclosed skip or sheet may facilitate external storage.  In all cases they should be stored on hard standing and in a location where contamination from dirt, oil and dust is avoided. If the storage area has a poor surface, then cardboard/paper in skips will avoid excessive contamination. 

Where pallets or other storage containers are used, the supplier should note that the weights of these will be deducted from loads and the additional handling requirements for the reprocessor may limit value of the goods to some markets.

                                                                        VIII. Metal Recycling

All grades of non-ferrous and ferrous metal are recyclable for future use. Because metals don’t lose quality when recycled.

Steps of Metal Recycling:

Collection

This is the first and most important step in metal recycling. It simply involves collecting all materials that are made of metals. 

This process should be organized in such a way that there should be containers specifically designed to collect metals.

Sorting 
Once the metals have been collected, the next important step is to sort the metals. This involves separating what can be recycled form what is non-recyclable. 

It is essential to point out that the quality of metal recycled is very important.

Processing

After sorting, the next step is to compact or squeeze the metal. 

All the recycled materials are squeezed and squashed using machines so that they do not occupy so much space in the conveyor belts.

Shredding

After the crushing and breaking of the metal, the shredding process starts. 

The metals are broken down into tiny pieces or sheets to allow further processing. 

The small pieces have a large surface to volume ratio that can be melted using less energy as compared to when they are in large pieces of metal. 

Normally, steel is changed into steel blocks while, on the other hand, aluminum is converted into sheets.

Melting and Purification

Melting of the scrap metal takes place in a large furnace. 

Each metal is taken to a furnace that is specifically designed to melt that particular metal based on its specific properties. The melting process uses a considerable amount of energy. However, the energy required for melting recycled metal is less compared to the energy required to make metal from its raw material.

Purification

After the melting process is complete, the next step is the purification process. Metals are purified using different methods. 

Purification of metals is done to ensure that the final product is free of impurities and that it is of high quality. 

Electrolysis is one of the methods of purifying metals.

Other metals are simply passed under powerful magnetic systems that separate metals from other recyclables. Today there are different purification methods depending on the type of metal.

Melting and Solidifying of the Metal
After the purification process, the molten metal is then carried by the conveyor belt to a cooling chamber where it is cooled and solidified. 

It is at this stage that the scrap metal is made into a solid metal that can be used again. 

Other chemicals are then added into the molten metal to make it acquire its density and other properties.

8. Transportation of the Metal Bars

Once the bars have been designed and made, the final product is then packed depending on their sizes and shapes ready for transportation to different factories and to people who require the metal. 

Thereafter, the cycle begins again.

               IX. WEEE Recycling (Electronic Devices)

WEEE recycling is for the waste of electrical and electronic equipment recycling, which is nearly everything powered by a battery or plug such as computers, mobile phones and TVs.

Electronic goods recycling is a specialist part of the waste and recycling industry aiming to prevent electrical items sent to landfill.

Waste electrical and electronic equipment are collected at council recycling centres and at some retailers. It is then taken to a reprocessing plant where they are shredded into small pieces.

Once shredded:

strong magnets remove ferrous metals, such as steel

other non-metallic metals are removed by using electronic currents.

Plastic is sorted into types by using various methods such as:

near infrared light

density separation.

                          Use of waste electrical items
Electrical items contain many different parts which, once recycled, can be used again in a variety of new applications. Below are examples of what some of the recycled parts may become:

Hover mowers contain

Strong ABS (acrylonitrile butadiene styrene) plastic that can be used for light, rigid, moulded products such as musical instruments, cases, pipe fittings and car bumpers.

copper motors that can be turned into copper pipe, coins in some currencies, jewellery, wire, and as winding wire for motors in new electronic products such as fridges, vacuums, tools, toys and motors. 

Copper can be mixed with zinc to make brass, or with tin to make bronze.

Games consoles contain

steel that can be used for computer casings, car parts and beams

circuit boards, which have a range of precious metals including gold, silver, platinum and palladium; platinum and palladium are used in catalytic convertors and mobile phones and jewellery.

Mobile phones contain

Precious and semiprecious metals such as gold, platinum and palladium, a variety of which can be recycled into component plating and low voltage electrical contacts; palladium plays a key role in the technology used for fuel cells. 

Metal can be extracted from batteries too.

Zinc which is used to galvanise steel; it can also be mixed with copper to make brass. Ships and submarines use zinc blocks to stop rust forming.

Plastic this may be granulated and reformulated for use in mouldings.

Valuable components such as flash memory devices which can be recovered and downgraded.

useful parts which can be re-used such as aerials, battery connectors, PCBs (printed circuit boards), connectors including gold-coated edge contacts on PCBs, ICs (integrated circuits), keyboards, LCD screens, lenses, microphones, phone housings, screws, SIM card assemblies and speakers.
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wastes are subsequently referred to as
"e-waste recycling." It is easy. It is a method

used to try and recover materials

from electronic waste.





Figure 2: Electrical waste recycle

X. Wood Recycling

            Wood is the ultimate renewable material because of its large number of different uses. Wood can be reused as a building material, recycled into mulch for landscaping. Even low-grade wood is useful because we can use it for fuel to generate environmentally friendly energy. Waste wood and timber is usually divided into recycling plants for processing.  The pieces are then loaded into a powerful wood shredder that breaks the pieces through a variety of processes.  The product varies in size and the vibrating screener performs well in sorting out the products.  Various sizes of the results are applied to different uses. The oversized pieces are re-circulated and the fine material is used as animal beddings. The size in between the two is used in broad mills. The process is efficient in ensuring that the products are not wasted. Collection of Wood Waste wood and timber is disposed into landfills if there is no recycling plant available. The companies that are deal in these recycling processes redirect this into their plants for processing.
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