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Abstract 

Nowadays manufacturing companies are going through an increasing public and government pressure to reduce the 
environmental impact of their operations. But when dealing with e-waste, some difficulties arise in classifying and dismantling 
electronic devices. Manual operations are financially prohibitive and full automation is also discarded due to the lack of 
uniformity of the disposed devices. A halfway solution is to let a human operator and a robot share the process. The goal of this 
research is the optimization of the recycling process of electronic equipments, applying both technical and economic criteria, and 
taking into account the latest developments in collaborative robots. 
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1. Introduction 

Although human beings and nature belong to the same vital flow and have a common future, our way of 
understanding progress is unsustainable, since natural resources cannot be regenerated at the same pace we are 
consuming them [1]. Nowadays manufacturing companies are going through a growth of social awareness, 
environmental regulations and international standards to reduce the environmental impact of their operations. In fact 
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customers are changing their attitudes towards the products they buy, considering not only the acquisition cost but 
also how the products were made and under what working conditions, as well as how they are discarded at the end 
of their life cycle. There are recent examples such as the VW emissions scandal, variations in oil prices depending 
on the use of fracking technologies for extraction, or lack of raw materials for the manufacturing of high-tech 
devices causing environmental and social problems in third countries. They show that the consequences of ignoring 
the environmental effects of the manufacturing operations may cause unexpected results in the acceptance of a 
product. 

 
In the last years, we are facing serious environmental problems related to the technological change and throw-

away consumer culture in electronic equipments such as tablets, computers or phones which become obsolete very 
quickly. As a matter of fact, Waste Electrical and Electronic Equipment (WEEE) has been identified as one of the 
priority waste streams by the European Commission along with batteries, tyres, vehicles and packaging.  

 
As a result, on the output side of production, the amount of electronic waste, also known as e-waste, increases 

dramatically. This mounting volume of e-waste must be disposed of at landfill sites that often lack capacity to 
discard it. Likewise, on the input side of the process, this phenomenon creates higher requirements of natural 
resources to produce more electronic devices. But natural resources are scarce due to continuous exploitation, even 
being sometimes close to depletion. Therefore there is a tension both at the input side of manufacturing due to 
increasing consumer needs and limited resources to fulfil them and at the output side of it owing to insufficient 
landfills to absorb residues. This tension can be reduced if the traditional linear economy is replaced by a circular 
economy, where the final user is not the end of the supply chain but some return processes are included to obtain 
value of discarded products. The circular economy requires new production schemes since we cannot afford to 
waste scarce materials and resources. The idea is that end-of-life products are not disposed of at landfills but 
returned into the same or other manufacturing processes in order to replace input materials or components that are 
normally extracted from natural resources or manufactured [2]. 

 
Until recently, and due to the economic crisis, the quest for higher employment rates seemed to fade the role of 

the circular economy, green manufacturing and use of recycled elements as source of raw materials. The aim was to 
encourage natural resource extraction and manufacturing activities regardless of their environmental impact, seeking 
for the reduction of unemployment. But what used to be taken as restrictions on economic activities in the past, is 
increasingly regarded as an essential element for the individual preferences and levels of quality of life, and thus 
emerges as new opportunities for development and improving competitiveness. Now the environment plays a core 
role in the people´s decisions: where to live, what to consume, or how to produce. As consequence, new business 
opportunities arise to reuse, remanufacture and recycle, therefore changing from a “cradle to grave” to a “cradle to 
cradle” paradigm. This transition may mean important resource and energy savings, less environmental impact of 
residues as well as sales enhancement by exploiting market opportunities related to the recycling sector [3]. 

 
Most waste management legislation is producer responsibility regulation that aims to increase product recycling 

by making producers financially responsible for their products at the end of life. Specifically the WEEE legislation 
focuses on improving the waste management processes, reducing hazardous materials and increasing recycling 
capacity [4]. A great deal of WEEE is also reused or recycled, thus obtaining valuable materials such as gold or 
copper and also saving much energy [5].  

 
But when dealing with waste from electric and electronic equipment (WEEE), the barriers for the success of their 

recycling (technical and economic) are the difficulties in the classification and disassembly of components. The use 
of manual process operations is considered financially prohibitive and full automation is also discarded due to the 
lack of uniformity of the disposed devices.  
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