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Abstract. This paper examines the social implications of introducing a new 
technology into the product-service system (PSS) of electronic waste 
management (EWM). Using a previously established set of social sustainability 
key performance indicators (KPIs) targeting the operations level (i.e. impacts on 
EWM operators), social implications are examined in a case where a specific 
innovative new technology is introduced to replace manual sorting of e-waste 
into re-use, refurbish and recycle fractions. The social sustainability KPIs were 
applied to the case as a structured interview guide. The results showed that the 
KPI framework provided a good basis for examining the social impacts and also 
stimulated discussions about potential business impacts based on the human 
resources in the system. The framework showed that the implementation 
supported proactive social sustainability, but some additional conditions need to 
be addressed by the customer organization to make sure that potential risks 
(identified in the interview) are mitigated.  
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1 Introduction 

The last few decades have seen an increased focus on the concept of sustainable 
development [1] in operations [2] due to global restrictions, legislations and 
customers’ awareness of sustainability together with a global competitive 
environment. Considerable progress has been made with the environmental aspect, 
e.g. by implementing new “greener” technologies. Among the three sustainability 
“pillars”, i.e. environmental, economic and social, the aspect of social sustainability 
has been widely acknowledged as the least developed [3-5], especially in the 
operations context. The literature provides a very broad scope for the social aspect 
ranging from a global to a local scale, sometimes without distinguishing that 
achieving social sustainability may require different approaches in developed and 
developing countries. To this end, solutions are sought both in the high-level strategic 
sense and the lower-level technological implementation sense. As a result, it has 
traditionally been difficult to define an operative scope for manufacturing companies 



aspiring to improve social sustainability on a factory level, although a distinction 
between “traditional” and “emergent” aspects of social sustainability has appeared in 
later years [6]. Some emergent social sustainability concerns in developed countries 
include demographic trends like aging populations with shortage of qualified labor as 
a result, and the increased importance of making manufacturing a more attractive 
future workplace option to attract new generations of workers [7]. Alongside this, 
many parallel developments drive incentives to further automate manufacturing 
processes, particularly those that are hazardous, monotonous or physically strenuous. 
Overall, social impacts on operators at factory level resulting from new automation 
technologies and business solutions, remains an important research topic.  
There are several reasons for a manufacturing company to adopt product-service 
systems [8]. These can influence sustainable development by extending producers’ 
“involvement and responsibility to phases in the life cycle, which are usually outside 
the traditional buyer–seller relationship, such as take back, recovery, reuse and 
refurbishment and remanufacturing.” [8]. Regarding environmental and economical 
sustainability, an increasing industrial emphasis is being placed on the “end-of-life” 
(EoL) stage of consumer products. In some countries, producers of various consumer 
goods are tasked with the responsibility of taking care of the products once they have 
left the hands of customers and become waste [9]. Within the industry context, 
previous research efforts ([8],[10]) have addressed the environmental and economic 
impacts of implementing PSS, whereas other studies like [11],[12] have considered 
the societal impacts of it but without addressing implications for the factory operators 
specifically.  
One particularly interesting form of PSS is Electronic Waste Management (EWM), a 
burgeoning industry that turns electronic waste from an environmental threat into a 
resource for society. According to [13], “today e-waste sorting is performed mostly by 
humans, as up to now they are the most flexible and self-learning resource available. 
Operators not properly equipped by protective devices get exposed to hazardous 
substances from electronics’ segregation”. However, technological solutions for waste 
sorting and grading are on the rise. Apart from the advantage that automating e-waste 
sorting can reduce human operators’ unnecessary exposure to hazardous substances 
leaking out of e-waste materials, it remains to be examined what social impacts such a 
development can have on human operators at factory level. 
Therefore, this study aims to explore the implications of social sustainability key 
performance indicators in a specific case of introducing a new technology (in the form 
of waste sorting equipment) into an EWM PSS.  This is examined by using a 
framework of previously established social sustainability key performance indicators 
(KPIs) as a starting point [14].  
 
2 Theoretical framework 

2.1   Product-service systems (PSS) 

PSS is a term that has been defined as “a marketable set of products and services 
capable of jointly fulfilling a user's need. The product/service ratio in this set can 
vary, either in terms of function fulfilment or economic value” [15]. Various authors 
have proposed different classifications of PSS [15-17], of which the three most 
distinct classification categories are product-related services, use-oriented services 
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and result-oriented services. According to Mont (2002), from a company perspective 
adopting a PSS can add to products’ value, base growth strategy on innovation, 
improve the company/ consumer relationship, improve the total value for the customer 
by extending products’ life-cycle, extending products’ function through upgrading and 
refurbishment and also making the product useful after its life cycle ends through 
recycling or reuse, and also helps the company implement take-back legislations.  

2.2 Socially sustainable work systems 

There is no wholly agreed-upon definition in literature of what constitutes a socially 
sustainable work system, but [18] defines it as a system that has achieved a high level 
in three main aspects: quality of work, quality of the organization and the quality of 
connections with the environment. To achieve a socially sustainable manufacturing 
work system that can combat the aforementioned demographic challenge, it should be 
able to meet the needs of both current and future employees. To that end, it should be 
able to attract different societal groups as potential workers, i.e. younger, elderly, 
women, disabled and in general support greater diversity. In [14],[19] the authors 
have used the key aspects of socially successful work systems from literature to 
develop a framework of social sustainability related KPIs, presented in Table 1. 

 
Table 1.  Key performance indicators of socially sustainable operations (adapted from [12] & 
[17])  

Key performance indicators References 
Labour code of conduct: 

• Occupational health and safety 
• No of absenteeism/ fatalities 
• No of incidents/ high risks related to occupation 
• Fair pay 

[20],[21] 

Personal development, Talent management and career development [7],[18],[20],[22-26] 

Work design 
• Challenging & stimulating job 
• Participation 
• Empowerment 

[7],[18],[22-
24],[27],[28] 

Work-life balance  [23],[29-33] 

Employee Turnover and Satisfaction management [23],[34-36] 

Job Security [22] 

 
3 Method and case description 

3.1 Method 

The overall research approach for this paper has been to perform a qualitative case 
study, incorporating a literature study, observations and interviews as we strived to 
explain a complex phenomenon under investigation [37]. General data regarding the 
EWM case were collected mainly through semi- and unstructured interviews and 



study visits to the EWM facility. After the initial studies the aforementioned 
framework of social sustainability KPIs from [14] was employed as a structured 
interview with a company representative who elaborated specific impacts on human 
stakeholders. 

3.2 Case description 

EWM systems challenge the ideas of traditional business models, both by adding 
value to something previously considered worthless, and in this particular case, by the 
fact that their system components (equipment and personnel) are accessible partially 
as a product and as a service. This case studies the REFIND company, which has 
developed and introduced a new automation technology called the E-grader to sort, 
grade and recycle e-waste using optical sorting [38]. The E-grader is available both as 
an equipment for rent and as a service where customers (e.g. retailers of electronic 
consumer goods) send spent e-waste to REFINDs facility for sorting and grading into 
useable “fractions”. In other words, the E-grader itself is a PSS being implemented 
into another PSS (the EWM system) in a “nested” fashion. According to [13] the E-
grader is able to distinguish much more rapidly than human workers which products 
are suitable to reuse, refurbish or recycle. During waste sorting, data regarding the 
products’ type, brand, model, year to market etc. are recorded automatically. Other 
data fields can be added based on the companies’ specific needs. By contrast, today’s 
manual e-waste sorting cannot store workers’ knowledge and WEEE items’ data into 
a structured data management system.  

 
Fig. 1. The E-grader, an automatic equipment solution for e-waste sorting and grading 
developed by [38]. 

The environmental and economic aspects of the E-grader were the main drivers for its 
introduction as a solution for EWM systems. Some major motivations for automating 
the extraction of re-purposable fractions from e-waste are described in greater detail 
in [39] and include: the presence of valuable and rare earth materials in the e-waste 
products (e.g. copper, iron, steel, gold, silver and platinum); minimizing human and 
environmental exposure to hazardous substances that can damage health; and 
increased manufacturer responsibility for addressing the end-of-life (EOL) phase of 
their products. 
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4 Findings and analysis 

This section presents and qualitatively analyses interview data from the case 
company. Each topic heading reflects its corresponding indicator from Table 1, and 
words in cursive signal the relationship of findings to specific KPIs. 

4.1  Labour code of conduct 

For the sake of their health and safety, operators need to be carefully protected from 
exposure to dirt and toxic substances, which are typical for the manual electronics’ 
segregation process of e-waste handling. Introducing the E-grader to the system will 
reduce the exposure of operators to acid-resistant substances. However, the operators 
need to be prepared and trained in terms of safety procedures and health issues 
regarding the new equipment, e.g. safety implications from loading, unloading, 
turning it on, etc. These tasks are not considered to be high-risk operations in general, 
but if the operators are not well-trained, incidents and accidents may occur. The effect 
on absenteeism numbers is two-fold. The rate of absenteeism related to health and 
safety issues will depend on the training level of operators as discussed above; 
numbers might even increase if training is not sufficient and accidents occur. 
However, since the new technology will affect the employees’ satisfaction level and 
happiness and work-life balance, it could also reduce absenteeism. Due to the new 
technology’s positive impacts on process efficiency, the company margin is expected 
to increase. Moreover the operators will perform higher-skilled tasks. Therefore, the 
operators’ salary and the monetary incentives can be affected in positive way. 

4.2 Personal development, talent management and career development 

As described in 3.2, adding the E-grader to the EWM process results in knowledge 
and intelligence being added to the sorting process. This can unlock more 
opportunities for personal development of the people working with the system, 
because the system stores and aggregates statistics on the sorted fractions. Once the 
data and different dimensions of it become accessible, the operators can explore the 
dataset, understand the statistics, make forecasts and “control” their cash flows. When 
operators “use their brain” as opposed to simply handling waste, managers have an 
opportunity for talent management by recognizing good ideas from workers and 
incentivizing them. 

4.3  Work design  

Currently the manual tasks performed by operators are monotonous tasks. Introducing 
the E-grader to the system opens up for more diverse tasks and therefore more 
possibilities of job rotations. Moreover, people that work with the data management 
part are called to understand these data and map them properly. Therefore the job 
becomes more stimulating for them compared to pure materials handling. At the same 
time, the operators may experience more participation and empowerment as they are 
expected to independently come up with ideas, reports, findings and conclusions 
based on used electronics statistics. As the system adapts to new specifics within 
regulations and recycling schemes or market changes, operators will also learn new 
skills and will be personally developed, which can lead to more satisfied employees. 



4.4  Work-Life balance   

The implementation of the E-grader can affect work-life balance due to the shift in the 
operators’ responsibilities, but will also make some of the tasks location-independent 
and self-organised, particularly the tasks which pertain to analysing the data. This 
means that operators could take care of some non-loading-related tasks remotely, 
decreasing the need to spend time at the sorting facility, which will affect the work-
life balance. 

4.5  Employee turnover and satisfaction management 

Right now manual e-waste handling suffers from very huge turnovers, not only due to 
the menial work in itself but also due to the very low salaries. Introducing the E-
grader and new tasks is expected to reduce the turnover because of higher job 
satisfaction and higher salaries caused by more profit. 

4.6  Job security 

Implementing a technology that can replace several operators might affect the number 
of jobs in a negative way. On the other hand, as operators become more 
knowledgeable they will become more important assets for the company. Also, since 
the new technology can make the company more profitable, these two impacts can 
secure the operators’ jobs in a positive and more sustainable way.  
 
5 Discussion & Conclusion 

Methodical approaches to examining social impacts of PSS remain scarce, but this 
case study indicates some promising first steps towards their development. The Social 
sustainability KPIs suggested by [14] made an efficient inquiry possible into social 
impacts of introducing a technological innovation to an EWM PSS. In this particular 
case, the framework clearly highlighted the advantages and disadvantages for 
operators of implementing the technology. This case also suggests that this PSS may 
have potential to support proactive aspects of social sustainability, something that is 
argued as very important in [14]. Based on the interview results, the authors note that 
some additional conditions, that the technology itself cannot not provide, need to be 
secured by the organization implementing the E-grader, in order to ensure a socially 
sustainable implementation:  
• Education and training must be provided to employees using the equipment to pre-

vent injuries and to make sure that the aggregated data is exploited well 
• Workers must be made aware that new responsibilities are expected of them, such 

as analyzing the data and coming up with new ideas, in order to gain the advantage 
of more varied and meaningful work, increased participation and empowerment 

• Tradeoffs between number of job opportunities and meaningful work content must 
be managed by companies.  

In conclusion, the previously established list of Social Sustainability KPIs provided a 
helpful framework for inquiring about social implications in the implementation of a 
technological innovation in an EWM PSS, as demonstrated in this case. 
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