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Sammanfattning 

Detta examensarbete har skrivits under vårterminen 2013 på Kungliga Tekniska högskolan i 

samarbete med Atlas Copco Industrial Technique AB. Arbetet som utförts har bestått av att 

analysera och utvärdera potentialen i ett återtagningssystem för kasserade elektriska 

monteringsverktyg. Målet har varit att komma fram till modellförslag för hur ett sådant system 

skulle kunna utformas för att uppnå en minskad miljöpåverkan, ökad ekonomisk vinning samt 

förenklad sluthantering för Atlas Copcos kunder i jämförelse med dagens hanteringssystem.  

Arbetet bestod dels av att kartlägga hur en elektrisk mutterdragare ur Atlas Copcos sortiment tas 

om hand idag samt att identifiera möjliga områden för förbättring. Material och komponenter 

utvärderades för att finna komponenter med högt materiellt värde, hög produktionskostnad, dålig 

eller bristfällig hantering alternativt stor miljöpåverkan i utvinningsfas. Denna miljömässiga och 

ekonomiska utvärdering låg därefter till grund för att hitta komponenter med 

förbättringspotential ur ett återvinnings- och återbruksperspektiv. 

Utifrån undersökningarna togs tre modellförslag fram där hela verktyg eller enstaka 

komponenter återlämnas till Atlas Copco. I det första konceptet skickar kunden in rotorer till 

Atlas Copco som återför rotorn in i nyproduktion. I övriga två koncept skickas hela verktyg in 

till en gemensam serviceverkstad, där den elektriska motorn samt momentgivaren tas till vara på 

i olika utsträckning genom återinförande i nyproduktion samt återbruk som reservdelar efter 

kvalitetskontroll. 

Samtliga tre koncept medför något längre transporter än standardsättet att hantera verktyg idag, 

men bedömdes med hjälp av en livscykelanalys kunna ge miljömässiga fördelar från och med 18 

respektive 8 procent insamlade verktyg baserat på den Europeiska marknaden. Systemet 

beräknades kunna resultera i intäkter som täcker finansiering av transport, manuell isärplockning 

samt en mindre pant eller rabatt på nästa köp för att motivera kunder att återlämna verktygen. 

För att maximera potentialen i systemet bör Atlas Copcos verktyg i framtiden konstrueras med 

återbruk i åtanke på ett mer modulbaserat sätt än vad som görs idag. 
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Abstract 

This master thesis has been conducted during the spring semester of 2013 at the Royal Institute 

of Technology in cooperation with Atlas Copco Industrial Technique. The work which has been 

performed was to analyze and evaluate the potential of a take-back system for discarded electric 

power tools. The goal has been to develop models for how such a system could be designed in 

order to achieve a decreased environmental impact, increased financial gains and a simplified 

end of life management for the customers in comparison with the current system. 

The work partly consisted of mapping the end of life handling activities of an electric nutrunner 

from the Atlas Copco product range, as well as find possible areas of improvement. Materials 

and components were evaluated in order to single out components with high material value, high 

internal purchasing price, lacking or inadequate handling or high environmental impact related to 

mining and extraction of the raw material. This evaluation served as a basis to single out 

components with high improvement potential from the perspective of recycling and reuse. 

Three concepts were developed based on the investigations, where single components or entire 

tools were returned to Atlas Copco. In the first concept, customers send the rotors to Atlas 

Copco, which reintroduces the rotors in the manufacturing line. The remaining two concepts 

involve entire tools to be sent to a common service workshop, where the electric motor and 

transducer is taken care of in varying extent by reintroduction to new production and reuse as 

spare parts after quality control. 

All three concepts leads to somewhat longer transportations than the standard way of handling 

the tools today, but was through a life cycle assessment evaluated to be able to render 

environmental benefits from 18 and 8 percent collected tools based on the European market. The 

system was calculated to finance its own transports, manual disassembly operations and 

economic incentive towards the customer to motivate them to return tools. To maximize the 

system potential, Atlas Copco should adopt design for disassembly in a more modularized way. 
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1  INTRODUCTION 

This chapter briefly introduces background to why an investigation of a take-back system has 

been instigated by Atlas Copco, what goals were set to be reached, what the scope was for the 

project as well as the methodological procedure. 

 

1.1 Why a take-back system? 

Atlas Copco Industrial Technique (AC IT) produces power tools for industrial use, and every 

year thousands of tools are sent out to customers via customer centers all over the world. Today, 

end of life scenarios for the products are controlled by the customers themselves and every 

country dispose of the products in their own way. In many of AC IT’s products, there are 

components considered as Electrical and Electronic Equipment (EEE). There is European Union 

legislation regarding the responsibility for Waste of Electrical and Electronic Equipment 

(WEEE), in which it is stated that the producer has a disposal responsibility towards the 

customers (EC a, 2012). As of today, only a few tools have been returned to AC IT from their 

customers and little is known about where the parts actually end up when the tools are discarded.  

Historically, AC IT has mainly been a producer of pneumatic power tools, which has been the 

primary technology for decades in the tightening technique business. Over the last years, a 

growing market for AC IT has been the electric power tool sector. The key factors contributing 

to this shift is mainly the increase in energy efficiency that the technology enables, as well as an 

increased accuracy of the tightening and ability to trace single tightenings. These factors have 

shown to be attractive on several market segments with high quality and safety standards, such 

as the automotive industry. 

The biggest environmental impacts of the electric tools have through previous life cycle 

assessments been identified to be present in the usage phase (Atlas Copco, 2013). However, 

electric tools are in general more material intensive than pneumatic tools in the sense that they 

often have a more complex structure and contain a broader spectrum of materials. Given this 

background, an assessment of an electric nutrunner was conducted in order to investigate if there 

can be gains in environmental and economic aspects as well as customer benefits from a take-

back system (TBS) where tools are returned to AC IT. 

1.2 Purpose & goal 

The purpose of the thesis was to investigate possibilities and potential in creating a take-back 

system for electric nutrunners of AC IT. The goal was to investigate if a take-back system can be 

created that better utilizes reuse, refurbishment and recycling activities for these tools than 

current practice, and to thereby decrease environmental impact, increase economic profit for AC 

IT and create more customer value. 

1.3 Scope 

The scope of the thesis was to investigate an electric nutrunner from the Tensor tooling range, 

only including tools that has been sold on the European market. To measure performance 

improvements, calculations and analyzes were made based on economic, environmental and 

customer values in accordance with the concept of sustainable development. The electric 

nutrunner is specified solely as the tool itself, excluding control unit and tool cables.  
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1.4 Methodology 

The approach to the problem was to split the work in two parts, with one part being research of 

the conditions of a take-back system and the other being the development of such concepts. In 

the research part, a literature review was initially conducted to give a solid foundation of 

knowledge for the project. An assessment of the electric nutrunner ETV ST-61-50-10 from the 

Tensor family was performed to give a good overview of the product structure as well as 

potential for disassembly operations. Identification of what materials the tool consisted of was 

conducted to find interesting components with high environmental impact or high economic 

value. In order to understand the end of life flows of these materials and components, a mapping 

of the handling activities and infrastructure was carried out to identify room for improvement as 

well as preconditions for a possible solution where tools are sent back to AC IT. In addition to 

the literature review, several semi-structured interviews were conducted with experts in service, 

quality, research and development and environmental matters within the AC IT organization. 

External experts in the field of eco-design and recycling processes as well as end customers also 

participated in interviews. The interviews were face-to-face interviews, telephone interviews and 

by mail conversations and were held both in English and Swedish. The interview objects were 

chosen in consultation with supervisors at both AC IT and Royal Institute of Technology. Field 

trips to the manufacturing plant in Tierp as well as the Ragnsells recycling plant in Västerås was 

conducted to give an insight in manufacturing and recycling processes. 

To conclude and summarize the findings from part I, a specification of requirements was 

compiled. These requirements served as a framework for what the new take back system should 

accomplish. To develop the system, different methods to evoke and induce creative thinking was 

applied to the result from the research. The addressed topic was to understand the needs and 

wishes of the customer, map the decision making of when and how to scrap a tool and to break 

down the problem into key issues. The findings and ideas were later evaluated using different 

matrix methods in order to single out key issues, which should be included in the TBS concepts.  

A comparison with the current end of life scenario and the concepts of the TBS from an 

environmental, economic and customers’ point of view was also conducted. The concepts were 

evaluated using life cycle assessment to compare the potential environmental benefits. An 

analysis of the business side of the concept was also conducted through a cost and revenue 

estimation related to the TBS.  At last, the customers’ interest in TBS was investigated through 

interviews with customers and managers with in the AC organization. 
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2  IMPORTANT FACTORS WHEN CREATING A TBS 

In this chapter, the important factors which needs to be taken into consideration when creating 

the take-back system is described. The facts presented are mainly gathered from articles, 

journals and books related to sustainable development, environmental policies and legislation, 

life cycle thinking of products and circular economy.  

2.1 Understanding sustainable development 

Sustainable development is a concept which is of somewhat vague and ambiguous nature that 

has been embraced by governments, organizations and companies over the last few decades 

when setting environmental policies, aid targets, development initiatives, domestic program 

agendas and corporate social responsibility strategies. In the Oxford Dictionary, the adjective 

‘sustainable’ refers to the meaning of ‘able to be maintained at a certain level’ or ‘able to be 

upheld or defended’ and the noun ‘development’ refers to ‘the process of developing or being 

developed’ or ‘an event that constitutes a new stage in a changing situation’. This theory of 

maintaining something that is constantly changing might seem like an impossible equation. 

Adding to this a growing world population and growing demand for resources and energy, makes 

the equation even more difficult to solve. 

From a historical point of view, the concept of sustainable development has been discussed in 

different forums, with its roots in the post-Vietnam war movement in the 60s and 70s. It was not 

however until the mid-80s when the Prime Minister of Norway, Gro Harlem Brundtland lead a 

commission in the United Nations to thoroughly investigate and determine how to protect the 

environment and to eliminate poverty, that a definition was coined that stuck with the general 

public, namely “development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” (United Nations, 1987). 

From the Brundtland report, several taxonomies to try to describe the foundations on which 

sustainable development lie were developed. The initial idea was built upon two interconnected 

pillars of the human and the environment (Mebratu, 1998). A development of this idea was to 

separate the human needs into economic and social needs resulting in three separate pillars 

which can be seen in Figure 1 (Drexhuge & Murphy, 2010).  

 

 

 

Figure 1. The three-pillar definition of sustainable development.  

 

SD 

Sociology Economy 

Ecology 
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2.2 Sustainable development in practice 

The results and targets set in the UN proved to be difficult to implement in reality, although the 

consensus was broad among the decision makers. For the countries of Europe, it was not until 

the forming of the European Union, and specifically after the formation of the 1997 Treaty of 

Amsterdam (Pallemaerts, Adele, & Jordan, 2012) where sustainable development targets were 

recognized as targets which should be legally binding objectives of its member countries. 

In practice, the overall challenge of the 21
st
 century has been identified in the communication 

Thematic Strategy on the Sustainable Use of Natural Resources (EC b, 2005) to try to achieve 

economic growth and increase the resource and energy efficiency. The strategic solution to this 

problem has been identified to decoupling economic activity from environmental impact, simply 

put to make more out of less, see Figure 2.  

 

 

 

Figure 2. Decoupling of economic activity and environmental impact (EC b, 2005) 

In the communication, the following key factors were identified to achieve decoupling: 

 

 More value – creating more value while using fewer resources  

 

 Less impact – reducing overall environmental impact per unit of resources used 

 

 Better alternatives – substituting currently used resources with better alternatives 

 

Another communication called The Sustainable Consumption and Production Action Plan (EC 

d, 2008) addresses the subject of decoupling as well as encouragement of use of more 

sustainable goods and production technologies. Finding ways to balance above mentioned 

factors in practice has proved to be a key challenge. 

These targets have influenced companies and government bodies to reporting their 

environmental performance, much like a yearly financial statement, in a so called sustainability 

report. In the report, different performance measures are presented, usually according to 

guidelines from the Global Reporting Initiative (GRI, 2011). The way a company performs in 

these sustainability reports lay a foundation for rating companies on different sustainability 

indexes, which are important in many aspects, not least for investors.  
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To create products which are eco-efficient, there are several stakeholders who need to be 

involved, such as designers, industry, consumers, marketing people and retailers. With so many 

different actors, gathering all guidelines in one single policy or strategy has been proven 

difficult. There has however been an investigation at EU level which resulted in the Green Paper 

on Integrated Product Policy (EC c, 2001) in which conclusions were drawn that several 

different activities needed to be addressed in combination to achieve more efficient development 

of greener products and consumer behaviors. Three main activities were identified as central 

issues, namely: 

 Influencing prices – through measures such as reduced rates of tax on 'green' products, or 

state subsidies  

 

 Stimulating demand – giving consumers better information about the products they buy, 

including the use of eco-labeling, and encouraging large, public-sector organizations to 

adopt green procurement strategies 

 

 Promoting green production – by encouraging eco-design, promoting life-cycle 

information about products, and integrating environmental considerations into European 

product standards 

Closely linked with the integrated product policy is the principle of producer responsibility, 

which concerns all parties involved in the life cycle of EEE, such as producers, distributors, 

consumers and operators of treatment plants. The principle can be summarized as “a concept that 

manufacturers and importers of products bear a degree of responsibility for the environmental 

impacts of their products throughout the products’ life-cycles, including upstream impacts 

inherent in the selection of materials for the products, impacts from manufacturers’ production 

process itself, and downstream impacts form the use and disposal of the products” (Davis, 1994). 

The principle of producer responsibility lies as a foundation for the Directive 2012/19/EU 

regarding responsibility of the handling of waste of electrical or electronic equipment (WEEE) 

(EC a, 2012). The directive seeks to reduce environmental impact of EEE and to encourage 

separation and recycling of such materials.  

In paragraph two of the WEEE directive it is stated that electric and electronic tools are included 

in the scope of the law. There is however some room for interpretation since there is an 

exception for large-scale stationary industrial tools or large-scale industrial installations. The 

definitions of these tools are described as 

 ‘large-scale stationary industrial tools’ means a large size assembly of machines, 

equipment, and/or components, functioning together for a specific application, 

permanently installed and de-installed by professionals at a given place, and used and 

maintained by professionals in an industrial manufacturing facility or research and 

development facility; 

 

 ‘large-scale fixed installation’ means a large-size combination of several types of 

apparatus and, where applicable, other devices, which: 

 

o are assembled, installed and de-installed by professional; 

 

o are intended to be used permanently as part of a building or a structure at a pre-

defined and dedicated location 

 

o can only be replaced by the same specifically designed equipment 
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Since it is somewhat difficult to interpret whether or not the electric tools of AC IT are included 

in the law, a decision has been taken to have a proactive approach and follow the WEEE 

directive. In practice, this means that either the company pays a fee that goes to organizations 

that insures handling of EEE, or the company collects the waste themselves and thereby insure a 

safe recycling process. AC IT has chosen to do both. 

2.3 Life cycle thinking of products from cradle to cradle 

Life cycle thinking (LCT) is a concept where the starting point is the impact from the activities 

of a product, not just the phase where it is being used. It is a holistic approach that takes into 

account all of the environmental impacts of all the life phases of the product, from extraction of 

raw materials, manufacturing, distribution, use and end of life activities (JRC, 2010). A 

schematic lifecycle of a product and the different product stages can be seen in Figure 3. 

 

 

Figure 3. A schematic lifecycle of the product stages of a physical product (EC, 2001). 

So what is environmental impact? In the literature (Blengini, 2012), the definition can be derived 

from the mechanism of pollution. Pollution can be described as a release of substances into the 

ecosystems, or extraction of earth resources, which result in modification of the ecosystem, a so 

called environmental effect. Environmental effects are commonly divided into different impact 

categories depending on their geographical scope. On a local scale, effects are usually directly 

visible, such as eco-toxicity, decreased human health or increased land use. On a regional scale, 

effects can be both direct but also indirect in form of acidification, eutrophication and 

photochemical smog for example. On a global scale, commonly mentioned effects are resource 

depletion, global warming and ozone depletion. All these environmental effects are measured 

with certain impact indicators, which is a numerical value of a chemical substance based on 

quantitative measurements over time.  

Different products, of course leave different types of environmental impact. An energy-using 

product (EuP), like a car or a refrigerator, is most likely to show biggest environmental impact in 

its use phase, whereas a piece of clothing or bicycle is most likely to shift towards the 

manufacturing or assembly phase. An efficient tool to assess the entire life cycle of a product or 

service is life cycle assessment (LCA). With this methodology, a model of the product can be 

Product 

concept 

and design 

 

PRODUCT 
Distribution 

Use 

Consume Waste Recovery 

Recycling Material + 

Energy 

processing 

Resources 

Maintenance 

Repair  

Reuse 

Disposal Incineration 

Manufacturing 

process 

Packaging 

Supply chain 

Marketing 

Energy/Transport 



9 

 

generated, from which so called “hot spots” can be identified regarding the previously mentioned 

impact indicators.  

Today, a lot of the efforts are being put on making EuPs more efficient in the use phase. It is 

something that is easy to argue for, since most EuPs show the biggest environmental impact in 

this phase. With such a strong focus on one particular phase of the life cycle, it happens that 

other phases are disregarded to some extent since they are considered to be of lower priority. In 

order to keep costs low, the majority of the industrial companies turn to outsourcing of 

components or entire modules to a sub supplier. In a structure like that, it is more difficult to 

control the life cycles of the products sold. An efficient recycling system or an eco-friendly 

manufacturing strategy for example, is more difficult to use as an efficient selling point than 

decreasing the operational costs of an assembly line. 

2.4 From linear to circular economy 

There are more ways to decrease the environmental impact from products other than to improve 

manufacturing processes or to increase energy efficiency in the usage phase. According to the 

Ellen MacArthur Foundation, the biggest problem lies within the way we consume products 

today according to the principles of a linear economy (EMF, 2012). A better way to utilize 

resources would accordingly be to redefine our economic system towards a more circular one, 

where the goods of today become the recourses of tomorrow. As the world population grows, the 

problems related to resource use grow. Growing economies, such as India and China are now in 

the process of a paradigm shift, where a growing middle-class demands more resources than 

before. The increasing demand of produced goods leads to volatility and increase of price levels 

of materials. 

The core idea of a circular economy is to design out waste, first and foremost through reuse, 

secondly remanufacturing and thirdly recycling. These processes can be seen as loops in which 

material is returned to the user, with the purpose avoiding materials from ending up as energy 

recovery and on landfills, which are inefficient ways of utilizing resources. See Figure 4 for an 

illustration of these flows.  
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Figure 4. The material loops in the life-cycle of a product. 

The distances between the loops reuse, remanufacturing and recycling are too big today, 

implying that the recycling operations today are too inefficient in comparison with reuse and 

remanufacturing operations (Gurell, 2013). One reason for this which is mentioned could be the 

shredding of complete products. An essential way of preparing for the utilization of materials in 

these loops is to design products for disassembly and modularization of components. The reason 

for this is to increase resilience and decrease resource dependence. These goods are defined as 

durable goods and comes with another type of business model where leasing contracts makes 

incentives to return the product after use. In this way the customer becomes users of durable 

products instead of consumers. A business model, which encourages the user to return the 

products to enhance reuse, will therefore increase material productivity. There are four ways to 

increase material productivity according to Ellen Mac Arthur foundation (2012):  

 The power of the inner circle denotes to minimize the use of new material. The potential 

savings such as labor, energy and externalities such as emissions, toxicity and greenhouse 

gases are related to how tight the inner circle is. Videlicet the smaller changes that has to 

be done; remanufacturing or refurbishment, on the good, the faster it can return to the 

system.  

 

 The power of circling longer refers to number of cycles or time per cycle a good or 

component is circulating. The aim is to maximize the time or number of circles.  

 

 The power of cascaded use indicates different usage across the value chain. For example 

a garment is first reused as a second hand piece, then used as furniture fill, thirdly reused 

as stone wool insulation for construction and last returned to the biosphere. 
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 The power of pure circles refers to clean and uncontaminated products enhance 

collection, reuse and recycling and therefor increase material productivity. 

There are more than environmental benefits related to a circular economy. Calculations based on 

detailed product modeling claims that net material savings opportunity for the electric machinery 

sector in EU accounts for 75 to 90 billion USD per year (EMF, 2012).Those numbers are based 

on the assumption that only one more cycle will be added to the current number of circles. A 

reduction of material volume in the material loops will decrease the externalities. The customer 

can also benefit from a circular economy through reduced cost for ownership without 

capitalizing on the company’s margin. A greater extent of customization can be obtained when 

the user are being charge for type and frequency of usage.  

2.5 Closing the loop with a take-back system 

The idea of TBS for electronics often includes the idea that goods are returned to the producer, 

and could therefore be reused in some way. The fact is that most of the goods are collected 

through municipalities and very few of those products have any reuse value. However, there are 

existing successful examples of TBSs. Michelin, the tire manufacturer has through leasing 

contracts been able to collect the tires in the end of the leasing period and extend the life length 

by retreading and put materials in a cascaded loop across the value chain. The automotive 

manufacturer Renault is another example, who has become a leader in remanufacturing. They 

have been able to grow their remanufacturing operations into a 200 million euro business (EMF, 

2012). Through collaboration with their distributors as well as scrapping firms, they manage 

their reverse supply chain stream together with re-engineers. Ricoh, who offers IT services, 

office solutions, production printing and document services, is a third successful example. They 

implemented an entirely new product line called ‘GreenLine’, which are sold on leasing 

contracts that consist of printers and copiers which mainly or partly have been built on 

previously used components. After the leasing contract has expired, the machines are recollected 

by Ricoh to be inspected, dismantled, replace key components and upgrade the software. After 

this renewal process, the products are reintroduced to the market with the ‘GreenLine’ label and 

a warranty as good as for their brand new devices. 

Ab Stevels (2007), however, raises a concern for companies practicing TBSs and managing their 

own recycling and waste collection. He addresses economy of scale as the most important target 

in order to achieve cost efficient TBSs, and mentions four drivers of economy of scale: 

 Disassembly efficiency 

 

 Investment in mechanical treatment technology 

 

 Investment in material upgrading technology 

 

 Securing the highest value of secondary material outlets 

Based on these drivers, there is a challenge to obtain economy of scale if every company practice 

individual recycling and in some cases even reuse activities. Consequently, if investigating the 

potential of electric nutrunners, assessments on whether the materials and components are 

suitable needs to be conducted regarding the environmental, economic and disassembly potential 

of the product. 
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3  MATERIALS WITH HIGH ENVIRONMENTAL IMPACT 

This chapter describes the process of investigating the materials of an electric nutrunner from 

the Tensor range of AC IT, in order to single out components which have high environmental 

impact or poor performance in terms of recycling, which could be interesting from a TBS 

perspective.   

 

3.1 The Tensor range – tools with high material complexity 

In order to simplify calculations for a system that includes all the electric tools of AC IT, a 

standard tool was chosen as a basis to represent the entire electric tooling range called Tensor. 

The Tensor range consists of several tightening systems that are run on electric power from an 

electric motor. It is as earlier mentioned the traceability, accuracy and high efficiency that 

attracts more buyers and provides for higher productivity and quality to the customers. The 

tooling range today consists of electric nutrunners, spanning from a range of 0.5 to 4000 Newton 

meters. The brain of the system is the control unit, which is an external computer that controls 

that the tightenings are within the given range and is attached to the nutrunner via an external 

cable placed near the mounting or assembly station. There are different types of nutrunners in 

form of their shape, to meet the different needs of different customers. There are standard 

straight nutrunners, angle nutrunners and nutrunners with pistol grip. 

One of the most popular tools of the Tensor range is the angle nutrunner ETV ST61-50-10. This 

tool has been on the market for several years and can be applied to a wide variety of applications 

for the customer. It is especially popular within the automotive industry, and was chosen as a 

basis for the calculations. This tool was developed with the operator in mind, having functions 

such as a barcode reader, speaker function and torque selector switch. Having such technically 

advanced properties comes at a price, with a wide spectrum of materials. See Figure 5 for an 

image of the tool. 

 

Figure 5. The ETV ST-61-50-10 nutrunner (AC, 2012). 

3.2 Identification of materials in the tool 

In order to identify the materials in the nutrunner, information was collected from internal 

databases where drawings from 3D models were reviewed. For some components there was 

lacking information, due to outsourcing to external suppliers. The level of information about the 

material group could also vary from component to component, such as ‘Steel’ or ‘Low-alloyed 
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steel for hardening and tempering’. Since there were different levels of material information, all 

materials were assumed only at material group level. In combination with volumes collected 

from 3D models, masses could be calculated. A compilation of the distribution of the materials 

can be seen in Figure 6 below. 

 

 

Figure 6. The distribution of the different material weight fractions in the nutrunner. 

The tool consists of 95 percent metal, and the respectively largest material groups based on the 

weight fraction was steel at 68 percent, copper at 12 percent, aluminum at 11 percent and zinc at 

4 percent. Another interesting material which was identified in the nutrunner was the 

neodymium permanent magnets, constituting the rotor of the electric motor at two percent and 

printed circuit boards at one percent. From a take-back perspective, it was interesting to 

investigate materials and components based on their environmental impact from extraction as 

well as their end of life potential. The four largest material groups of the tool, namely steel, 

copper, aluminum and zinc are all on the top twenty list in regards of recycling rates (BIR, 

2011). These recycling processes are efficient when comparing the energy recovery from using 

recycled material in relation to new extraction. See Table 1 for a summary of these energy 

savings. 

Table 1. Energy savings in recycling of metals in relation to primary production (BIR, 2011). 

Material family Energy savings/primary production 

Aluminum 95 % 

Copper 85 % 

Steel 75 % 

Zinc 76 % 

 

For both the printed circuit board (PCB) and rotor it is a different story. The way of recycling 

PCBs today is quite a complex process which is inefficient, since a big variety of materials are 

defined as input to the processes and only a few come out as output. Consequently, a lot of the 

materials end up as impurities in the refinement slag. For the rotor component, which has a 

neodymium based core, there are no economically feasible recycling ways today (Binnemans, et 

al., 2013). Given this background, the work was focused towards the materials and components 

Steel 

68% 

Aluminum 

11% 

Copper 

12% 

Zinc 

2% 

Neodymium 

2% 

PCB 

1% 

Plastics 

4% 
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with more imprecise waste handling methods and low recycling rates, namely the PCB and rotor 

containing neodymium. 

3.3 Neodymium extraction and related problems 

Neodymium is a common rare earth element (REE) that can be found in electric vehicles, wind 

turbines and smart phones being essential to their function. REEs can, despite their name, be 

found almost everywhere in the earth’s crust, although they are generally difficult to find in big 

concentrations. They are present in minable deposits for minerals such as bastnäsite and 

monazite. Processes related to extraction and separation of these minerals into pure neodymium 

is complex and expensive. Since it is impossible to merely mine for one specific REE, the result 

is usually ending up with imbalanced supply, where lesser sought out REEs are stockpiled or 

occasionally dumped back into the mines. Several of these processes related to extraction, 

separation and processing have potential for environmental contamination if not controlled and 

managed in a proper way. The biggest threat to the environment is the creation of tailing ponds 

with contaminated water as well as the creation of large amounts of dust air emissions (EPA, 

2012). There are several examples of destroyed ecosystems through pollution of waterways, 

releases of radioactive emissions and destruction of land brought by these activities. Most 

notable is the closing of the Mountain Pass mine in the United States, which due to 

environmental problems had to shut down operations in mid-nineties, at the time being the 

biggest REE mine in the world.  

Historically, REEs have been mined at a large scale in all continents with the exception of 

Europe and Antarctica. Today, however, all worldwide REE mining is dwarfed in comparison 

with China, which currently holds close to market monopoly, accounting for more than 95 

percent (Tse, 2011). The Chinese strategy of taking shares in the REE mining industry is 

something that has been going on for the last 30 years and the environmental issues related to 

mining activity is something that has been of low priority in comparison with the economic 

growth possibilities that the REE exports have brought. An example of the effects is the village 

of Baotou in Northern China, located 120 kilometers north of China’s biggest mine, Bayan Obo. 

Baotou has over the years been the place for extraction and refinement of REEs and the people 

living in the village has mainly been involved in the mining activities. It has been identified over 

the years that the people have become ill from fatal deceases to a bigger extent than what is 

normal, such as leukemia, pancreas cancer and lung cancer. The reason for this is that the labor 

of treating the minerals with hydro-metallurgical techniques and acid baths is done manually, 

where the workers are exposed to the chemicals and radioactive biomaterials at a daily basis. The 

water which is used in these processes carry seven to eight tons of chemicals and hazardous 

substances annually that are being dumped back into tailing ponds closely connected to the 

village. Over the years the mine has been active, an eleven square kilometer big tailing pond 

have emerged that has radioactively contaminated the groundwater, soil and vegetation of the 

surrounding area (Öko-Institut e.V., 2011).  

Since there are no economically feasible methods to recycle the REE fractions from PCBs in 

general, the recycling rate of REEs today are lower than one percent of the global supply as of 

2011. There are however research investigating new ways of recycling REEs that use 

hydrometallurgical, pyro-metallurgical and electro slag refinement methods, but none of them 

are in the state of commercial use yet. However, there is an existing method to pulverize magnets 

and remanufacture them, but this treatment assumes that magnets are cleaned from glue and 

covering. Due to this fact, Neorem, AC IT’s supplier on magnets, offers the opportunity to take 

back clean magnets in order for remanufacturing (Kankaanpää, 2013).  
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3.4 Printed circuit boards and end of life related problems 

Another component with environmentally related problems is the printed circuit board (PCB). 

PCBs are present in almost every EEE product today and these products are consumed at a rapid 

speed and in increasing volumes (Barba-Guetiérrez & Adenso Diaz, 2008). The consequence is 

cumulative waste from electronic equipment and in 2008 the estimation of WEEE was more than 

six million tons, and by 2015 it has been predicted to reach twelve million tons (Barba-

Guetiérrez & Adenso Diaz, 2008). In average, PCBs consists of 40 percent weight fraction of 

metals, 30 percent of organic material and 30 percent of ceramics (Duan, Hou, Li, & Zhu, 2001). 

Exactly what materials the PCB in the AC IT nutrunner consists of is very hard, not to say, 

impossible to know. The suppliers for the PCBs are unwilling to declare all substances and only 

declare if they are compatible with environmental legislation for hazardous chemicals. However, 

it is known that all PCBs consist of toxic substances, which hurt humans, animals and nature if 

the substances are handled inaccurately. Substances that are spread in an uncontrolled way can 

cause cancer, disrupt reproduction and growth hormones, damage liver, kidneys and bone 

structure (Greenpeace International, 2009). In Table 2, a list of substances in PCBs and the 

damage they can cause is presented. 

Table 2. Summary of commonly used chemical substances in PCBs. 

Substances Used in Causes 

BRF Flame retardants Growth hormones, reproduction, brain 

Phthalates Softener in plastics Reproduction problems 

Antimony Flame retardants Cancer, skin problems 

PCB Polychlorideiseras biphenyl Damage Immune system, lever, reproduction, cancer 

behavior disorders TTP Flame retardants Disrupts hormone glands, enzyme in human blood 

  

The best way to minimize the amount of hazardous substances that leak into the eco system 

would be to reuse PCBs and thereby minimize volumes of waste generated. According to Stefan 

Eklund (2013) there are only small markets in India, China, the USA and Germany for simple 

EEE-products where they reuse PCBs. The second best alternative today is if the PCBs end up at 

recycling companies. Unfortunately, that is not always the case. WEEE is often exported from 

Europe to developing countries in Africa and Asia, despite legislations that forbid export to 

countries without controlled and specialized processes for recycling of PCBs (Greenpeace 

International, 2009). In order to transform this export from an illegal to a legal process, the 

WEEE is labeled as items for reuse. Even if export of goods for reuse is legal and could be seen 

as a noble gesture, the environment and people will be suffering from these actions. The reused 

goods have a short time of its life left and will be scrapped in a process that is called ‘backyard 

recycling’, either if it worked or not when arriving in the developing country. ‘Backyard 

recycling’ is handled manually by workers, sometimes children. The workers remove the copper, 

gold and silver from the PCBs and burn the rest without any security equipment. The burning 

process exposes the workers to toxic chemicals such as lead, mercury and hazardous agents such 

as cyanide (Lewis, 2010).  

There are approximately one hundred large recycling companies in Europe, there are weak spots 

in many of them, which makes the problem of smuggling of WEEE hard to detect and control 

(Lewis, 2010). Due to the fact that AC IT does not have control over the recycling process, there 

is no guarantee neither that the WEEE is handled with the best technology available, nor where 

the tools end up. Even with the best technology available, lots of valuable and recyclable 

materials are lost in the process and hazardous chemicals are leaking out in the ecosystem. The 

most attractive research is an imaging process connected to a database in order to recognize 

reusable parts and hazardous substances and handle them with special care. Removal of PCBs 
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from electronic components is according to Sahlhofer (2011) crucial for efficient use of 

resources and needs to be a mandatory element in the recycling process.  

3.5 How Tensor tools are treated at their end of life 

An assessment was conducted in order to identify risks related to end of life treatments for the 

Tensor tools. The scope of the assessment was the distributional chain for when the tool leaves 

the factory in Tierp to when it is scrapped by the customer. After the tools have been assembled 

in Tierp, all tools are sent to the power tool distribution center (PTD) in Hoeselt in Belgium, and 

from there further distributed to customers all over the world. Over the last five years, a mean 

value of 7 000 Tensor tools have been calculated to be distributed annually to customers in 

Europe. 

There are different contracts and agreements when it comes to service and maintenance. Some 

customers have workshops onsite where they do service and maintenance whereas others rely on 

service agreements where maintenance and repair is executed by AC IT workshops (Eklöf, 

2013). According to Michael Schraft (2013), 50 percent of the tools have at least once been sent 

to service at an AC IT workshop during its operational life. The customer sends the tool to their 

regional workshop that often forwards the tool to a central workshop. In Europe it is located in 

Gromadka, Poland. The customers are always informed of the price of repair. The most frequent 

component to replace is the angle head and the planetary gear. The failure rate for the motor is 

approximately 20 percent of the total motor fleet (Eklöf, 2013). If the cost of repair would 

surpass 40 percent of the price for a new tool, the customer usually declines service. However, 

the customer often wants the tool to be sent back either way, to be able to use the scrapped tool 

as spare parts internally. In this way, the customer can avoid costs from buying new spare parts 

from AC IT. Consequently, only three percent of the total tool fleet remains at AC IT workshops, 

where they are later sorted and scrapped (Schraft, 2013). Since there is such a low amount of 

tools that stays at the AC IT workshops, for the remaining 97 percent of the electric tools, the 

destiny is in the hands of the customer.  

A common destiny which has been observed is that several customers within the automotive 

industry keep worn-out tools, to use them as spare parts in their own workshops, according to 

Landahl (2013) and Al Ali (2013). The reason for this is that it allows them to do repairs in a 

way that makes them less dependent on buying new spare parts from AC IT, and can thereby 

save operational costs. There are however more reasons for the customers to take a tool out of 

service than breakdown. According to Landahl (2013), other reasons such as major 

improvements in ergonomic aspects or improved energy efficiency could lead to the replacement 

of a tool. It is not uncommon that a process technician decides whether to take the tool out of 

service or not, and to decide whether to keep components as spare parts or to scrap the tool. 

According to Breda (2013) and Al Ali (2013), Volkswagen and Volvo have routines to keep 

tools taken out of service as spare parts, whereas Scania does not have these elaborate routines 

(Landahl, 2013). 

Another destiny which is somewhat common is the fact that tools and components are sold on 

second-hand markets online (Eklöf, 2013). The problem with this is that tools and spare parts are 

being spread in an uncontrolled way that potentially takes market shares from AC IT. One way 

of dealing with this is that AC IT today buys back tools from the second-hand market, which is 

problematic from an environmental point of view.  

When the tool is considered to be in a state where it is neither kept as spare parts nor sold on 

second hand markets, it is scrapped through an external recycling company. This is the case 

regardless if the tool is located at a customer or at the AC IT workshop. External recycling 

companies collects tools and components and transports the waste for further separation and 

recycling. Tools collected from AC IT is probably disassembled to a larger extent that the tools 
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collected at the customer, which provides for more efficient recycling. Figure 7 describes the 

way from assembly plant in Tierp to the end of life of the tools.  

 
Figure 7. Description of the way from assembly to end of life. 

At the recycling company, the input is collected tools, which are processed through various 

treatments such as hammers, sifters, magnets and manual disassembly. The output from these 

processes are sorted fractions such as aluminum, steel, copper, plastics and EEE. These fractions 

are later sent to recycling, furnace or landfill. See Figure 8 for the mechanical treatment process. 

 

 

Figure 8. Description of the mechanical treatments which are used for grinding a nutrunner. 

The recycling companies have further contacts with smelters which purchase the sorted material 

and turn it into new raw material. Scrapped metals often end up in Germany where there are 

several companies that deals with recycled materials (Eklund, 2013).  

As mentioned previously in Chapter 2.2, there are two ways for a producer to apply the WEEE 

directive on producer responsibility. Either the producer has to pay a fee to an external 
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organization that handle WEEE or they have to collect and handle the WEEE themselves. AC IT 

has chosen to do both and pay a fee and offer the customer the possibility to return their worn-

out tools for free. Despite the fact that AC IT offers their customers the opportunity to send back 

broken electric tools for free, AC IT has neither received any tools from the region of central 

Europe (Bettendorff & Aichele, 2013) nor the Nordic countries (Engman, 2013). One of the 

reasons for this could be that the customers do not know about this possibility since the only 

information about this is given in the small print of the handbook for the electric tool. 
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4  COMPONENTS WITH HIGH ECONOMIC POTENTIAL 

In this chapter, the economic potential of the electric nutrunner is investigated in order to find 

components which could be interesting from a TBS perspective. 

4.1 The value of materials and components 

A crucial aspect of the creation of a TBS is the economic potential and in accordance with the 

pillars of sustainable development, a balanced system cannot be created without taking the 

economic aspect into consideration. Therefore, an investigation was conducted where the value 

of the tool was assessed from the aspect of recycling, purchase price of new materials and what 

is received for scrapped material. From a reuse point of view, it was also valuable to identify 

components that have expensive manufacturing or outsourcing costs, which potentially can be 

decreased through reuse or refurbishment operations in a TBS. In order to single out components 

with high economic value, internal purchasing prices for the tool was compared. In the internal 

purchasing price, costs for buying raw-material and manufacturing are included. The result from 

the identification and comparison can be seen in in Figure 9. 

 

Figure 9. Distribution of the internal purchasing price of the components in a nutrunner. 

Out of totally 64 components in the electric nutrunner, six components account for 85 percent of 

the total internal purchasing price. The six most expensive modules are comprised of angle head, 

transducer, motor, main card, planetary gear set and handle body. When looking at the materials 

from a recycling perspective, there are two factors which are interesting to compare in order to 

evaluate the decreased value which occurs between manufacturing and end of life phases in the 

life cycle. By analyzing the quota of scrap price and purchase price, a hint is given whether the 

material is interesting to reuse or not. Table 3 shows these quotas as ratios, which was gathered 

from what is received for scrap from the manufacturing plant in Tierp (Lindström, 2013) 

purchasing prices from CES EduPack (Granta, 2013) and internal purchasing at AC IT.  
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Table 3. Raw material prices, scrapping price and ratios for the different materials. 

Material Purchase price [SEK/kg] Scrap price [SEK/kg] Ratio 

Aluminum 16.6 5.37 0.32 

Copper 62.25 25.6 0.41 

Neodymium 484 0 0 

Plastic 32.1 0 0 

PCB with components 45 000 8.5 0 

Steel 4.1 1.46 0.36 

 

A low ratio can be an indicator of two things. Either it shows a big difference in scrap price 

compared to purchasing price or simply that the scrap price value is low or close to zero. The 

ratio also implies that material value in a component decreases during the usage phase. A major 

loss of material value in the usage phase is a reason to reuse the component. By reusing 

components, the high value which is put into the component in the manufacturing phase which in 

this case is represented by the purchasing price, can be saved in a better way compared to if the 

same component would be recycled, where only the relatively low scrap price could be 

accounted for as a revenue. 

The table indicates incentives for reuse of components containing neodymium, plastic and PCB. 

For neodymium and plastic, this is due to the fact that the scrapping price received is close to 

zero, which indicates that recycling of these materials is inefficient, and that they could possibly 

be suitable for reuse. However, from a durable perspective the plastic component in the 

nutrunner is not suitable for reuse since the component is exposed to wear and has a relatively 

low internal purchasing price. The main card and the rotor are on the other hand, in top of the 

most expensive components in the tool. Regarding the metals, aluminum is the material losing 

most value during the usage phase. The handle body is made out of aluminum and could 

therefore be suitable for reuse from an economic point of view.  

4.2 Avoiding potential supply risks with TBS 

Supply risk problems regarding volatility of prices of raw materials is a factor to consider when 

creating a TBS, since it is something that could be alleviated from depending less on raw 

material extraction. A positive effect of using a TBS is the decreased reliance on continuously 

importing new raw materials. The subject has been investigated on EU level in the EU Raw 

Materials Initiative, where critical raw materials for the EU were assessed according to their 

criticality of supply (EC e, 2010). The definition of a critical raw material is that there are short 

term risks of supply shortage as well as the impact on the economic development of the Member 

States. The material group with the highest supply risk was identified to be the REEs. 

As was mentioned in the previous chapter, REEs are essential for the function of various electric 

and technology intensive products. The neodymium core of the electric motors of the nutrunners 

of AC IT, as well as for many other products in the tooling portfolio, depends heavily on a 

steady supply of neodymium. Since there are no economically feasible ways to recycle 

neodymium today, the extraction of new neodymium is of absolute importance for AC IT.  

The Chinese government realized early that REE demand in the world would increase over the 

decades, and therefore set a strategy to become the biggest exporter of REEs. The volume of 

China’s output has increased from 27 percent in 1990 to more than 90 percent in 2008 (Tse, 

2011). As of 2012, China accounts for more than 95 percent of the total mining quotas, only 

including legal mining that is registered within the government (EC e, 2010). With a growing 

economy followed an increased domestic need for REEs in China which in 2011 resulted in 

dramatically decreased export quotas to the rest of the world. The decision lead to an overnight 
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rampant of prices, that effected the industry on a global level. Even if the export quotas were 

eventually raised back again, the event showed that volatility in REE supply could cause serious 

problems. 
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5 DISASSEMBLY POTENTIAL OF THE TOOL 

In this chapter, a disassembly and product structure analysis of the electric nutrunner ETV ST-

61-50-10 is described. The tool was disassembled in order to analyze the product structure with 

regards of an eco-design methodology based on load case and border indices. 

5.1 How to analyze product structure 

An important aspect in addition to the environmental and economic analyzes conducted in the 

previous two chapters was the identification of product structure and disassembly potential. 

Factors such as difficulties of understanding how to do the disassembly and knowing what part 

goes where would be crucial for the efficiency of a TBS. A disassembly methodology was used 

where the product is viewed as a set of so called eco modules, divided according to either 

uniformity of material composition or usefulness as a separate subassembly (Hundal, 2001). The 

eco modules also constitute the so called sorting borders of the product, which encloses the 

material or component and enables the possibility to be identified and cleaned separately. The 

connecting surfaces between the modules are called separation surfaces and are held together by 

a resting load case, which is activated during the disassembly phase. 

Evaluation of a product was done through disassembly and simultaneous analysis of a product 

structure according to load case and sorting border indices. There are four load case and sorting 

border indices, all on a scale from 0 to 1 with various intervals. For the load case indice, the 

following applies: 

 Li = Load case information of how easily the load case can be understood, where 0 equals 

easy to understand and 1 equals almost impossible to understand. 

 

 Lq = Load case equipment of the tooling needed to disassemble the load case, where 0 

equals no need of tools and 1 equals need of special tools to release the load case. 

 

 Lf = Load case force on how difficult it is to disassemble load cases, where 0 equals just 

two fingers and 1 equals help from power tools. 

 

 Lt = Load case time of how long it takes to release the load case, where 0 is less than 10 

seconds and 1 is more than 30 seconds. 

For the sorting border indices the following is applies: 

 Bi = Sorting border information of how well defined the sorting border is, where 0 equals 

easy to understand without any extra information and 1 equals that extra information 

must be added or an analysis must be made. 

 

 Be = Sorting border economy defining if the sorting border contains implied value or 

costs, where 0 equals valuable object and 1 equals object connected to costs. 

 

 Bd = Sorting border destiny on the possibility to reuse where 0 equals to possible to reuse 

in the same position a second time and 1 equals to deposit. 

 

 Bs = Separating surface efficiency on how well the surface follows the sorting border or 

not, where 0 equals to following perfectly and 1 equals to not following at all. 
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5.2 Disassembly of the tool 

The disassembly was conducted in the laboratory of AC IT under the supervision of a test 

engineer. There were a various set of standard and special tools usually used by the test 

engineers in their daily work at hand. A descriptive image of the disassembled tool can be seen 

in Figure 10. 

 

 

Figure 10. Overview of the disassembled tool with its containing parts. 

The disassembly resulted in 21 components or modules, which can be seen in Table 4. 

Table 4. A list of the names of the respective components 

No Name of component 

1 Angle head 

2 Cap nut 

3 Motor module 

4 Cap nut 

5 

 

LED cover 

 

 

6 

 

LED lable 

7 

8 

 

 

 

 

 

LED flex card 

8 

 

Handle shell 

9 Reverse ring lever 

10 Spring 

11 Ball 

12 Reverse ring 

13 Trigger 

14 Trigger spring 

15 Cover plate 

16 Handle body 

17 Adaptor  

18 Speaker 

19 Back ring 

20 Main card contact 

 21 Main card PCB 
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During the disassembly process, components were assessed according to the load case and 

sorting border indices. The components which were identified in previous chapters due to their 

environmental and economic potential could through this disassmbly be evaluated according to 

their suitability from a disassemblability point of view. The result of the disassembly can be seen 

in the shape of a connection map in Figure 11. 

 

Figure 11. Connection map illustrating the product structure of the nutrunner. 
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From the connection map it could be concluded that few components needed to be loosened in 

relation to the number of components in the product. In order to disassemble the nutrunner 

special tools were needed for the back ring, main card and to loosen the cap nuts. Thanks to 

threaded fittings these components could also be re-assembled. The other components could be 

separated without any special tools or force. All the modules could be separated without 

breakage, except from consisting components in the motor due to the fastening of glue. The rotor 

was the only component in the motor module that could be separated easily and without 

breakage. The rotor consists of neodymium, which is expensive to purchase, but due to lacking 

recycling methods there is no scrapping value in neodymium. However, the stator contains 

copper, aluminum and steel, which are materials which could be recycled, and the scrapping 

price for copper is high compared to other scrapping prices. Current design of the motor makes it 

impossible to obtain the full potential scrapping value, since it is not possible to separate 

materials with clean sorting borders. The dismantling process was estimated to be between ten to 

fifteen minutes for a trained operator, and according to Roger Sandström (2013) in Tierp, the 

disassembly time could be shortened to around five minutes. 
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6 KEY FACTORS FOR SUCCESS 

This chapter sums up the most important findings from Part I. 

 

It is obvious that increasing material efficiency is something that is of great importance in order 

to reach the sustainable development and decoupling targets set by the EU. The most efficient 

way in doing so today is to make sure that when a product is scrapped, materials and components 

are taken care of in an as efficient way as possible. Some components are suitable for recycling 

whereas others can be remanufactured or reused in forms that prolong their respective life 

lengths. Complexity of chemical composition, ability to disassemble, potential value, shape and 

wear of these components are properties which affect the suitability. The form in which products 

are sold have also shown to be influential to the end of life scenario of products, such as renting 

equipment on service contracts instead of buying, where the ownership of the physical product 

stays with the provider. This way of thinking, with a life cycle approach to products instead of 

linear ownership, is a way of closing the loop from cradle to grave to cradle to cradle and at the 

same time, be beneficial for AC IT. 

So, are electric nutrunners of AC IT suitable for such a system? From the material evaluation it 

was shown that the electric nutrunners contain materials and components that do not have an 

efficient end of life management today. From an environmental point of view, the components 

with the lowest performance in terms of material efficiency were identified to be the rotor 

component in the motor as well as the PCB that control steering functions of the nutrunner. The 

low performance of the rotor is mainly due to the fact that there are no economically feasible 

ways today to recycle the neodymium content of the rotor. Neodymium in general have, like 

most REEs, environmental problems related to the mining and extraction activities. The 

problems of the PCB is mainly related to the end of life management, where poorly controlled 

recycling activities often can lead to illegal exports to countries where valuable materials are 

extracted in unsafe ways. Since PCBs are comprised of a large amount of different materials, the 

mechanical shredding in the recycling process leads to leakages of materials in the system. The 

remaining materials are to a large extent recyclable in already efficient recycling processes for 

components that largely are composed of steel, aluminum, copper and zinc.  

However, there are components of these materials that are interesting for a TBS of other reasons. 

In order to make a TBS commercially viable, the economic aspects need to be taken into 

account. When looking at the distribution of costs related to the different components, it was 

identified that six components accounted for more than 85 percent of the total costs. Both motor 

module and PCBs are included in these 64 components, in addition to transducer, angle gear, 

planetary gear and handle chassis which do not carry large burdens from an environmental point 

of view. The main contributors to costs of these components are machining operations with 

demands on high precision, such as gear wheels and bearings, whereas other components are 

expensive to manufacture due to their weight and the material prices. The rotors and stators of 

the motors for example are, in addition to machining, expensive due to high prices of 

neodymium and copper on the market. 

Suitability of a component can not only be based on their environmental performance or 

economic value, but must also be combined with an assurance of the quality and risks related to 

reuse. Since AC IT has such a strong reputation of quality, reusing products where it is difficult 

to evaluate the risk of the component to fail, would be problematic from a branding perspective. 

Not to forget the safety aspect of using components that could possibly break and lead to injuries 

of the user. When looking at failure rates of expensive components, the angle gear and planetary 

gear are components which would be difficult to reuse, since they have high failure rates. The 
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rotors and stators are however according to statistics of lower failure rate, at around 20 percent  

for problems leading to breakdown. Transducers are a bit higher, but could in a theory be 

controlled to ensure quality. 

From the literature review, the key factor of a successful TBS is to achieve economy of scale. If 

there are only a few tools gathered, additional transports and disassembly activities will lead to 

added environmental impacts and costs instead of less. Since AC IT is a global company 

operating in most of the countries of Europe, there are already infrastructural networks in place 

today for service and sales. This implies that an implementation and collection activity, if 

managed in a proper way, in theory should be able to render large volumes of collected tools. An 

essential part of this system is to get the customers to choose the TBS alternative before the 

standard way of recycling nutrunners today.  

The market analysis shows that bigger customers in the automotive industry usually have their 

own repair shops for their machinery and equipment, where tools are disassembled and stored to 

use in future repairs. It also shows that there already is a secondary market for AC IT tools where 

they are sold in an uncontrolled way today. This secondary market however leads to prolonged 

life lengths of the tools, which is positive from an environmental point of view. Today, AC IT 

buys tools from this market with the only intention of getting them off the market, which 

prevents the environmental benefits created through such a market. A TBS would therefore need 

to be designed in a way that creates economic benefits for AC IT as well as decreases the overall 

environmental impact more than what customer reuse and prolonging life length through 

secondary sales render in.  

In order for a TBS to gather large volumes, information needs to reach the customer in order to 

make them aware of the alternative solution. Since the decision to scrap a tool can be made on 

either managerial level or at operator level depending on the company, the information about the 

system needs to be communicated in a clear and simple way. Since no tools have been sent back 

as of today, the only conclusion that can be drawn is that this information seldom or never 

reaches the customer with the current information system. Another important aspect that needs to 

be addressed in the development of the system is the insight that some kind of incitement is 

probably needed for the customer to be interested. 
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7 CREATING THE TAKE-BACK SYSTEM  

This chapter covers the creative phase of the project where the TBS was developed, through the 

setting of a list of requirements, using creative thinking methods to gather ideas and insights of 

the problem as well as evaluating and selecting the best ideas and insights. 

7.1 Setting the requirements of the take-back system 

The conclusions from the research in Part I was used as a foundation when a list of requirements 

was compiled for what the system must and should fulfill. The target groups for the list of 

requirements was set to be applied for the overall AC group, sales function, service function and 

customers. The list was split into functional requirements and requests as well as limiting 

requirements and requests. Examples from the list for functional requirements were ‘Best 

practice end of life handling’ and ‘Easy to communicate’, functional requests were ‘Accountable 

to sustainability reporting’ and ‘Tie customers closer to AC’, limiting requirements were 

‘Comply with environmental legislation’ and ‘Decrease environmental impact’ and limiting 

requests were ‘Economic benefits’ to name a few. These requirements and requests were then 

evaluated according to if they apply for that specific target group. For example ‘Best practice 

end of life handling’ was considered to be important for all four target groups whereas ‘Tie 

customer closer to AC IT’ only corresponded to two target groups. The entire list of requirements 

can be seen in Appendix A. 

In order to structure the creative process, the work was divided into four steps, (Booreiland, 

2010). Each step consisted of one or several methods which can be seen in Figure 12. 

 

Figure 12. The four steps of the creative process. 

7.2 Understanding the topic and end customer 

The first step was the phase Get started, where the topic was explored to better understand the 

problem. In this step, the purpose was to set the right borders around the topic to be able to tackle 

it better, search for inspiration and generate new ideas. Methods used during this phase were 

Mind mapping and The W-train.  

Mind mapping is a method for creating a visualization of the associations and the relationships 

between the elements of a situation as a whole. The main sentence for the topic was put to 

‘Increase resource efficiency’. Keywords related to the topic were written down around the main 

sentence. The map was extended by adding more words associated to the keywords. All the 

words were connected with lines with varying thickness depending on the importance and 

distance from the main sentence, similar to a tree seen from above. This method resulted in an 

overview for all elements related to the project which can be seen in Figure 13. 
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Figure 13. Mind map showing the related elements. 

This method gave an overview of the problem and how elements relate to each other, but also 

insights in supply chain and distribution. Key findings from the mind mapping were, ‘get the 

tools in return’, ‘good marketing’, ‘reuse of components’ and that ‘the TBS has to be 

communicative’ in order to be as efficient as possible, both as a marketing strategy but also in 

order to work at its full potentials.  

To get a deeper understanding than just an overview of the situation The W train method was 

used. It made it possible to explore all sides of the situation, in an all in-depth, systematic way. 

The method revolves around answering a set of questions, which gave sequential descriptive 

information about the situation and why it has occurred and insightful reasoning behind each 

element. Several questions were asked and each should be answered in depth. Asking “Why?” to 

each answer given, concluded the method. The questions and answers in detail in Appendix B. 

The W train method gave an insight on the customer’s point of view in this topic and helped 

clear out what actually happens in the situation when a tool breaks. Since the customer is the one 

to take the first action related to a TBS, namely return the tool, the customer was identified to be 

the main agent in the event of a broken tool. This takes place at the manufacturing plant on the 

customer’s site and the frequency of tool break down is dependent on the customers’ tool fleet, 

application and type of usage. In current practice the customer lack information about the TBS as 

well as incentives to return the tool.  

7.3 Who decides to scrap a tool? 

In the second step, the Break it down phase, a method to organize, categorize and associate 

insights or findings called Decision roadmap was used. The point was to further investigate how 

the customer acts and how the decision-making is handled to find the key decisions in a situation 

or service and the impact of those decisions. The result is a decision-making map and analysis of 

key decisions, which improves focus when, then later on, generating ideas. The first decision 

taken related to an event in the situation of a TBS was identified as ‘Malfunction of a tool’ and 

the first decision related to that is ‘Send it for repair’,’ Scrap’ or ‘Save to utilize as spare parts’. 

The answer is analyzed through asking the questions ‘When?’, ‘Where?’, ‘Who?’, ‘How?’ and 

‘What would have happened if another decision had been taken?’. The subsequent decisions on 
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the time line were listed and analyzed in the same way as previously described. Questions and 

answers can be found in Appendix B.  

The Decision roadmap resulted in a description of the journey in the end of life phase for a tool. 

It also made it clear that the customer has to be aware of the TBS and be the first thing to think 

of when a tool breaks down. This awareness must be present for the line manager as well as for 

the operator and service personnel, both at customer site and at AC IT’s workshops in order to 

affect the decision-making. The method also emphasized who the decision makers are. But also, 

that the decision-making roles in connection to the decision when to scrap the tool, is not always 

clear. Since the customers might do savings by keeping spare parts, it might be necessary to offer 

the customers something in return for them to be prepared to trade off those possible savings. 

Another important insight related to this method was the fact that the TBS first and foremost 

should focus on handling tools for scrapping. For service matters there is already an existing 

system. 

7.4 How to solve the problem 

The third step Break free provides methods mainly to generate new ideas once the boundaries of 

the situation or event in the product, service or project is set. From the previous methods, three 

parts of the problem were distinguished.  

 What can motivate the customers to return the electric tools to AC IT? 

 

 How can reuse of components be implemented in the AC IT business? 

 

 How can AC IT communicate the advantages and inform the customer about TBS? 

When generating ideas in the Break free phase, these parts were studied independently and not as 

a system. Thereafter the best ideas were evaluated and combined in order to create the service. 

To find motivators and important elements to get the customer to return their tools to AC IT, a 

method called Trade-offs was used. Trade-offs is a method where alternative behavior, actions or 

events are generated in order to change a certain behavior. This method was used to tackle the 

problem ‘How to get the customers willing to return the tools’. This method was held as a 

workshop at AC IT together with two employees. 

At first the main activity of the customer related to the problem was stated. In our case it was the 

fact that the customers often keep the broken tools in order to use spare parts instead of 

scrapping. Each participant was given post-its and was asked to write down ideas that would 

make the customer willing to trade off the main activity, namely to keep the broken tools onsite 

and thereby make savings on service matters done by AC IT workshops. Each idea was put in 

columns with the titles: ‘Very probable’, ‘Maybe’ and ‘Not probable’. The current TBS that AC 

IT is offering their customers today was placed in the column ‘Not probable’, based on the fact 

that no customers have actually used the service so far. Thereafter, the participants were 

instructed to pick ideas from the columns in order to develop and improve the current service. 

See Figure 14 for a descriptive image of the process. 
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Figure 14. Description of how the process Trade-offs. 

The Trade-offs method contributed with the conclusion that the customer most certainly has to 

receive some economic compensation from returning their tools, since economic benefit is the 

motivator for keeping tools today. Another motivator might be that a TBS decrease 

environmental damage but must be communicated to the customer. A list of more ideas can be 

found in Appendix B. 

To tackle the second part regarding the treatment of the collected tools, a method called Absurd 

questions for creating new questions in order to get additional answers from a different point of 

view, was used. The initial question was ‘What to do with the collected tools?’. The words ‘Do’, 

‘Collected’ and ‘Tools’ were chosen as key words and started a separate chain of associations. 

Words from each chain were used to create the new questions and answers in order to generate 

new ideas. The ideas selected from this session were ideas that in some way corresponded with 

the criteria on how to increase material efficiency. A summary of these ideas can be seen in the 

bullet list below. More detailed results from this workshop are to be found in Appendix B. 

 ‘New-old tool to customer’: Disassemble the collected tool and use all parts that are not 

damaged. Thereafter assemble a “new” tool built on used components. The tool can be 

labeled ‘Green Line’ and be sold to customers at a cheaper price than new tools. 

 

 ‘New-old tool to AC IT WS’: The same procedure as ‘New-old tool to customer’ with the 

exception that the tool is only to be used in AC ITs own workshops or assembly lines. 
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 ‘Recycle’: Disassemble the collected tool, sort according to fraction and sell the materials 

to recyclers. 

 

 ‘Reuse as spare parts’: Disassemble the collected tool and use undamaged components 

that have big environmental impact or high economic value as spare parts. The rest of the 

material can be sorted and recycled.  

 

 ‘Reuse in new tools’: Disassemble the collected tool and use components that have big 

environmental impact or high economic value to put in new manufactured tools. The rest 

of the material will be sorted and recycled.  

In order to sum up ideas from previous methods and force one to think in a reversed and 

somewhat pessimistic way to encourage new ideas, the Jumping obstacles method was used. In 

this method, the problem or situation was stated on a white board, under which a vertical line 

was drawn. At the bottom end of the line, the ideal situation was written for the system or 

product in the form of a few sentences that the system should fulfill. On the left side of the line, 

the obstacles related to the TBS were stated. In this way, the scope of the situation and in which 

order they needed to be assessed was presented in an illustrative way. After this, the idea was to 

try and jump over the obstacles and write them down on the opposing side of the line. In 

sequential order, the obstacles were encountered through giving probable solutions. The result 

from this method was that the whole picture of the situation was visualized, not only as problems 

in the current situation, but obstacles that might occur related to the new service as well as 

solutions to each obstacle, in order to achieve the ideal situation. The method linked together 

different elements in the situation as well as solutions. Previous insights about the importance of 

information to the customers was with the method ‘Jumping Obstacles’ provided with different 

ways to reach out to the customers such as ‘story telling’ and ‘a movie’. A summary can be seen 

in Figure 15. 
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Figure 15. The result from the Jumping obstacles method. 

The method Brainstorming method was used in order to generate as many ideas as possible for 

the three problems stated in Chapter 7.4. The most interesting ideas evoked from this method 

were ideas regarding how to inform the customer about the TBS. A selection of these ideas can 

be found in the bullet list below. 

 Sales and service inform the customer about TBS.  

 

 A logo placed on the tool, in order to remind the customer to return the tool.  

 

 Place a Quick Response code (QR-code) on the tool, the operator or the process 

technician could scan the code in order to get the information about how the TBS works 

as well as how the customer can gain advantage from the service. In this way the 

information about how the collection of tools is handled practically are announced.  

Ways on how to insure the quality of the components were also generated, where existing 

methods and possible solutions such as to design the components for reuse in the first place in 
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order to prolong their life length as well as to improve their quality were identified. In Appendix 

B the insights and data discussed and the most relevant and feasible ideas generated during the 

brainstorming are presented. 

7.5 Evaluation and selection of ideas 

Several methods were used in order to evaluate the ideas regarding the three parts of the 

situation; ‘How to collect the tools?’, ’ What to do with the Tools?’ and ‘How to inform about 

TBS?’. 

The method Blind Spots was used to reflect on assumptions and uncertainties of our ideas 

regarding ‘How to collect the tools?’ but also in order to discover blind spots and break through 

narrow-mindedness when selecting ideas. The ideas evaluated with this method were generated 

from the method trade-offs. For relevant or somewhat feasible idea regarding how to make the 

customer return the tools to AC IT, assumptions and uncertainties related to the idea were 

posted. Thereafter it was considered what would happen if the assumption turned out to be 

wrong. The impact of the consequences was then marked as high or low. The likelihood for the 

consequence if the assumption turned out to be false, actually would occur was also rated as high 

or low. Thereafter a discussion was held to see what risks that are worth to take. The Evaluation 

matrix can be seen in Appendix C. 

This method gave interesting discussions regarding the different solutions. Many of the ideas 

could easily be combined and some of them are just consequences from a TBS. The ideas on an 

economic compensation and discount on the next purchase were both considered as feasible 

ideas and could actually be combined. The amount of discount on the next purchase could be 

higher than the pawn given for merely returning the tool. That kind of reward system would 

encourage the customer to remain an AC IT customer, without losing the other tools to be 

returned. The evaluation emphasized on the idea that a TBS should be something that contributes 

to the customers’ environmental profile will probably not work as the only incentive for the 

customers to utilize the TBS. On the other hand, it was considered to be of no harm to increase 

the environmental profile, but would rather be a consequence when using the TBS. According to 

the method, the likelihood that a label indicating a TBS would not impact the collection rate, was 

considered as high. However, further discussion concluded that more information and marketing 

about TBS would increase the likelihood to succeed in getting the tools in return. Concerning the 

idea on having something that indicates that the tool is worn out, it could be seen as a risk to let 

AC IT tell their customer when to scrap a tool. This kind of action could jeopardize the 

reliability as a supplier and could be seen as just a way to get the customer to purchase a new 

tool.  

A Pugh’s matrix was used to conduct the evaluation on ‘What to do with the collected tools?’. 

Experts in the field were asked to evaluate the ideas using current practice as reference. The 

ideas were valued according to requirements related to the problem on ‘What to do with the 

collected tools?’. The requirements were weighted from 1 to 3 in accordance with importance. 

Three participants rated the ideas on a scale from -2, for much less, to +2, much better, compared 

to current practice. In Table 5 the results from the evaluation are presented. The evaluation 

matrix in total can be found in Appendix C. 

  



40 

 

Table 5. The total score from the evaluation of ideas on what to do with the collected tools. 

Ideas Total score 

 Current practice 0 

1 New-old tool to customer 16.7 

2 New-old tool to AC IT WS 7.3 

3 Recycle 9.3 

4 Reuse as spare parts 15.7 

5 Reuse in new tools 17.7 

 

The ideas that scored the highest were number 1, 4 and 5. All these ideas are similar to each 

other and are built upon the idea of reuse. Idea 4 and 5 are variants of idea number 1, but more 

structured and take the environmental end economic aspects as well as risk in quality into 

consideration. It is hard to make use of idea number one alone since it is unlikely to be able to 

build a new tool only on reused components. A more structured approach on reuse of 

components, like idea number 4 and 5, is less risky according to keep AC IT as a premium brand 

with high quality tools. On the other hand, to be able to utilize as many components valued as 

environmentally or economically critical as possible, a combination of both idea number 4 and 

five might be the most efficient way to increase material efficiency.  

An evaluation of pros and cons for reuse of the proposed components was compiled in order to 

find the components which were best suited for reuse as spare parts or to be put in a new tool. 

Quality experts in the area were consulted in order to evaluate risks regarding reuse of 

components (Persson, 2013). A compilation of the evaluation can be seen in Table 6. 
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Table 6. Evaluation matrix of pros and cons related to reuse of components. 

 

The evaluation concluded that the motor is suitable for reuse as spare parts rather than to be 

placed in a new tool, due to uncertainties of remaining life length. The rotors can be used as parts 

in new tools due to the fact that they are easy to separate and do not break very often. Due to 

complexity in connections from the transducer, there is a risk that the cost for disassembly of the 

transducer might exceed the savings from reusing the transducer and would therefore not be 

suited for reuse in current design. It appeared the handle body was not suitable for either reuse as 

spare part or in new tool since it might come with quality issues. Despite the fact that the PCB 

has a high internal purchasing price and high environmental impact, the component was 

Component Pros with reuse Cons with reuse Reuse as spare part Reuse in new tools 

Motor High internal purchasing price 

High weight fraction of whole 

tool 

There are existing quality 

control procedures. They are 

electrical verified. 

 

Core component when it 

comes to energy 

efficiency of the tool 

Motor bearings might be 

trited  

Suitable for reuse as 

spare parts 

 

No, hard to ensure energy efficiency 

Rotor Medium high internal 

purchasing price 

Decreases supply risk 

Easy to separate from the motor 

Despite a damage motor, the 

rotor could still be unharmed 

The magnets can only be 

discarded if they crack or 

overheats (>400 degree C) 

The mining of REEs are a 

heavy environmental burden 

No existing recycling method 

for REEs 

Rotor shaft might be 

trited. 

 

Not suitable as spare 

part due to the fact 

that they almost 

never break, there 

would not be any 

rotors to replace 

Yes, because lack of recycling 

method. This can be turned to a great 

advantage for AC. 

Transducer The highest purchasing price of 

the components chosen for 

evaluation 

A highly sensitive 

component. The strain 

gauge end the electric 

component often needs 

to be repaired.  

A lot of hands work in 

calibration, assembling, 

gluing and trimming.  

Complex component 

Might not be economic 

profitable 

No figures on failure rate 

available  

Might be possible to 

use as spare parts if 

there was a filter at 

the service sites that 

detected unharmed 

transducers. 

Not suitable 

Handle body  Exposed for vibrations 

No existing method for 

quality control 

Hard to separate from 

other components 

No, there is no 

figures on breakage 

for handle chassis 

No, due to insurance in quality. 

 

PCB High internal purchasing price 

High environmental impact 

Inefficient recycling methods 

Lose a lot of the material value 

during the usage phase 

Gets outdated fast 

The electrical 

components get worn out 

High quality risk to 

reuse 

No No 
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considered not suitable for reuse in the way it is designed in current state. The risk for failure 

was considered as high.  

The ideas on how to inform about TBS evolved during the methods Jumping obstacles and 

Brainstorming. After looking into the ideas generated and selecting the feasible ones, it was 

concluded that all feasible ideas could be used in combination to inform end customers and AC 

IT employees as well as motivate the customers to returning the tools.  

The fact that customers today keep components as spare parts and reuse parts that AC IT is not 

prepared to reuse due to quality risks, was taken into consideration when creating the concepts. 

Using parts with high risk of breakdown might damage AC IT as a premium brand. Reuse of 

components is according to the previously mentioned circular economy, the best action to 

increase material efficiency therefore customers’ reuse of parts was taken into account for 

environmental reasons. In order to keep components for a longer time in the inner circle and also 

gain potential revenue, components suitable for reuse with low quality risks and high internal 

purchasing price, motives and incentives for the customers to return the tools as well as existing 

distribution network were considered. After the evaluations, three concepts for possible TBSs 

emerged which dealt with the end of life handling from when the tool is supposed to be 

scrapped. 
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8 DESCRIPTION OF THREE CONCEPTS  

In this chapter, three concepts are described which were developed from the previous idea 

generation and evaluation phase. The concepts are described briefly from what ideas that lie 

behind and how the distribution supply chain is designed. 

 

8.1 Concept 1 – Customer disassembly and rotor reuse 

When a tool is broken beyond repair and is to be taken out of service, in Concept 1, the customer 

themselves disassemble the tool in order to reuse spare parts in their own workshops. However, 

the idea here is to get the customers to return the rotor part directly to AC IT in Tierp, where the 

rotor can be assured of quality and later reintroduced to production. In this way, many of the 

environmental benefits connected to reuse of spare parts by the customers in the standard 

scenario are still utilized. In addition, the rotor component is reused. 

At the plant the rotors are controlled by an operator and re-magnetized in a re-magnetizer that 

the manufacturing plant in Tierp has (Sandström, 2013), before being reintroduced to the 

production line. Rotors which are broken are sent to the supplier of magnets for recycling. The 

concept revolves around the insight that big customers disassemble broken tools in the factory, to 

later use them as spare parts in their own internal service workshops. If the customers already 

reuse components in their own factories, no additional transports and extra work is necessary for 

AC IT to engage in collecting activities for entire tools from an environmental point of view. 

Since breakdown of a tool leading to scrapping because of motor failure is only 20 percent likely 

(Eklöf, 2013), it is highly unlikely that all motors that are being taken care of are actually reused, 

even if they are stored as spare parts. If this is the case, then a big part of the motors will be 

scrapped according to the standard way of recycling, which in practice means that the 

neodymium will end up as impurities in the recycling process and not taken care of. A flow chart 

of the tool’s life-cycle according to Concept 1 can be seen in Figure 16 below. 

 

 

Figure 16. Flow chart of Concept 1 where the tool is disassembled by the customer and rotors are reused by AC IT. 
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8.2 Concept 2a – AC IT disassembly and rotor reuse 

The second concept revolves around an idea that entire tools are sent back to AC IT workshop in 

Gromadka, Poland via national customer centers. In Gromadka, the tools are disassembled and 

rotors are sent to Tierp. The reason for sending tools to Poland is because there is already 

knowledge and tooling for how to disassemble tools. Since a lot of customers already have 

service agreements and contracts with AC IT, there is already an existing infrastructure for tools 

that are sent in to AC IT for repair and back to the customers. Since the TBS is not dependent on 

the speed of which the tool is returned, a broken tool intended for scrapping can therefore be sent 

to AC IT together with, for example another service matter. For customers without service 

agreements, the tools can be sent by an external company to the AC IT national customer center. 

In this way tools can be collected in respective national customer center, from where the tools 

are redistributed to Gromadka in accordance with existing service routes. Rotors will be 

extracted from motors and saved separately and thereafter sent back to the manufacturing plant 

in Tierp. This system ensures that the different components in the tools are sorted efficiently into 

different material fractions such as steel, copper, aluminum and PCB to make sure that they are 

recycled in the correct way at the recycling plant. When this sorting and collection activity is 

finished, the sorted fractions are sent to a recycling plant. See Figure 17 for a flow chart of the 

system. 

 

 

 

Figure 17. Flow chart of Concept 2a where the tool is disassembled by AC IT and rotors reused by AC. 

8.3 Concept 2b – AC IT disassembly and reuse of motor 
module, rotor and transducer 

The third concept is a variant of the second concept, with the same distribution setup and 

infrastructure, with the difference being that more parts of the tool is reused. This concept 

revolves around an idea where components such as the entire motor module, if intact and fully 

functional, is taken care of as it is, as well as transducers and some rotors extracted from broken 

motor modules. Since only 20 percent of the service issues are related to motor problems, in this 
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system 20 percent of the motors will therefore be collected and kept at the workshop in Poland, 

where they are used as spare parts in these service issues. The remaining 60 percent of intact 

motor modules are collected together with 10 percent rotors collected from broken motor 

modules to be shipped to Tierp, where they are put into the production line. See Figure 18 for a 

flow chart of the concept. 

 

 

Figure 18. Flow chart of Concept 2a where the tool is disassembled by AC IT and motor modules, rotors and 

transducers are reused by AC IT. 

8.4 How to inform and motivate customers to use the TBS 

The most important element for a TBS to be successful is to get customers to return their tools. If 

failing to do so, a TBS would not be efficient. The first thing to do would therefore be to inform 

customers about the service and the environmental reasons to have a TBS. AC IT should use 

their TBS and reuse of components as a unique selling proposition (USP) in their branding. The 

sales organization, which is a direct channel to the customers, should orally inform about the 

TBS when customers purchase tools. The service organization should also, when repair is denied 

by the customer, inform about the TBS. 

When the customers know about the offer they need to be motivated to contribute to the system. 

An economic compensation is assumed to be the strongest incentive. A combination of a pawn 

and discount on the next purchase would encourage the customer to continue using AC IT's 

tools, but in the same time encourage customers that do not want to purchase a new tool right 

away. To make an even stronger incentive to purchase a new tool, the discount would be bigger 

than the pawn.  

An insight gained during the creation of the TBS was that it has to be clear how the returning of 

the tools should be handled, and that this information addresses the person that takes the decision 

to repair or scrap a tool. This person was identified to be the service technician. This information 

also needs to be easily accessible. One way of doing this could be to place a logo on the tool 

indicating that the tool is returnable. Other ways of making users aware of the system could be to 

inform the customer through other interactive ways, such as using QR codes or the existing 
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speaker function which is already built into many of the tools. See Figure 19 for an example of 

how the logo could be placed. 

 
Figure 19. Logo placed on the tool reminding about TBS 

An additional dynamic QR code placed on the tool would give access from a smart phone to a 

movie, that informs about how to return the tool. A movie which is accessible from the QR code 

also informs the customer about the environmental savings that the tools in the TBS have 

generated. The advantage with a dynamic QR code is that it is possible to redirect the content of 

the code, which can be suitable for a code placed on a product with several years of life length. 

The Tensor tools have a loudspeaker in the tools and can also be used to remind about the TBS. 

See Figure 20 for a description of the idea. 

 

Figure 20. QR code placed on the tool gives access to an informative movie about how to return the tool and 

communicating the environmental advantages. 

In order to strengthen AC IT’s sustainability profile, which is stated as a requirement in the list 

of requirements, it is important to communicate and emphasize on the environmental savings and 

advantages a TBS could generate. This can be achieved through a visualization of the 

environmental advantages. 
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9 COMPARISON USING LIFE CYCLE ASSESSMENT  

In this chapter, a life cycle assessment (LCA) was conducted for the three concepts generated in 

the previous chapter to compare the environmental results from respective concept.  

 

9.1 Framework for the assessment 

In order to investigate the different environmental impacts from a potential TBS, an LCA of the 

electric tool ETV ST61-50-10 was conducted. The work was carried out according to the four 

steps of the ISO14040 (ISO, 2006) framework, namely Goal and scope definition, Life Cycle 

Inventory, Life Cycle Impact Assessment and Interpretation, see Figure 21. 

 

 

Figure 21. Life cycle assessment according to the ISO14040 framework. 

The objective of the LCA was to compare the environmental effects of three end of life handling 

concepts of the TBS described in Chapter 8, and to identify environmental break-evens for how 

big percentage of tools in each concept needs to be collected in order to give a decreased 

environmental impact. The functional unit of the LCA was the end of life management of a total 

fleet of scrapped electric tools in Europe, consisting of a value of 7 000 tools per year calculated 

as a mean value of the total units sold over a five year period.  

The scope of the assessment was to identify components and materials of the tool ETV ST61-50-

10, estimate the supply chain distribution from manufacturing to end of life and model the 

standard way of today and the three alternative end of life scenarios described in the previous 

chapter. 

Modeling has been conducted using a student license of the SimaPro 7 software (PRé, 2012). 

This license is for educational purpose only and entails thereby that the results from the LCA are 

not allowed to be used for commercial reasons. All data regarding the actual model in form of 

materials, manufacturing methods and end of life treatments have been gathered from the Eco-

invent 99 (PRé, 2012) system processes database exclusively. IMPACT 2002+ (Jolliet, Margni, 

& Rebitzner, 2003) was the method utilized in the impact calculations.  

The system boundaries for the LCA is a modification of a classical cradle to grave assessment, 

including raw material extraction, manufacturing, transports and end of life where the use phase 

has been excluded. The reason for this is the fact that it does not contribute to the effects of 

comparing the gains from reuse and recycling. It is also problematic to do a fair estimation of the 

use phase since it differs a lot depending on the need and user patterns of the customer. See 

Figure 22 for a descriptive illustration of the system boundaries.  

Goal and scope definition 

(ISO 14041) 

Life Cycle Inventory 

(ISO 14041) 

Life Cycle Impact 

Assessment 

(ISO 14042) 

 

 

 

Interpretation 
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Figure 22. System boundaries of the life cycle assessment where the dotted line shows what is included.  

9.2 Materials and manufacturing methods 

Some limitations regarding the data have been set due to the complexity of the tool, with respect 

to the limited amount of functions in the Eco-Invent 99 library. Components have been divided 

in modules where the materials have been somewhat simplified. For example, all the components 

of the gears in the tool have been simplified to a gear assembly containing a specific mass of 

materials. When there have been uncertainties in exactly what material composition should be 

assigned, material groups on a general level have been used.  

Regarding the manufacturing processes, general assumptions were made with regards to a field 

trip to the manufacturing plant in Tierp, discussions with employees working within the research 

and development department as well as general assumptions from analyzing the geometry of the 

parts. Since the focus of the assessment was not to improve manufacturing, this level of certainty 

was considered to be sufficient. The manufacturing processes were chosen solely from existing 

processes from the database. A summary of modules with respective material chosen and 

manufacturing methods can be seen in Appendix D. 

9.3 Distribution network from extraction to customer 

Supply chain models were built in the program for the end of life activities of today as well as 

the TBS models, making it possible to compare the environmental effects of each system. In the 

initial calculation, the distribution between the models was set to compare 100 percent of the 

standard model with 100 percent of the respective TBS model. The European market was 

represented by a big car manufacturer, located in Wolfsburg Germany, from which the 

geographic calculations were based. Transports were calculated based on assumptions of where 

extractions of raw materials have taken place and that all manufacturing and assembling 

activities have been carried out in the AC IT plant in Tierp. See Appendix D for a summary of 

these routes of respective materials and Figure 23 for a geographical overview. 
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Figure 23. Geographical representation of the supply network of raw material extraction. 

After having been manufactured and assembled in Tierp, the tools are sent to the global 

distribution hub in Hoeselt, Belgium. From Hoeselt, the tools are redistributed to the customer in 

in Wolfsburg, Germany by a fleet average lorry.  

9.4 The end of life handling scenarios of the tools 

In order to compare the different concepts, four end of life scenarios were built, namely: 

 Standard scenario – The scenario for how tools are handled today. 

 

 Concept 1 – Tools are disassembled by the customer and rotors are sent to the AC IT 

assembly plant Tierp. 

 

 Concept 2a – Broken tools are sent to the service hub in Poland via national customer 

centers where intact rotors are extracted and sent back to the AC IT assembly plant in 

Tierp. Remaining components are sorted and sent to a recycling hub. 

 

 Concept 2b – Broken tools are sent to the service hub in Poland via customer centers and 

intact rotors are sent back to the AC IT assembly plant in Tierp. Transducers and 

functional motors are taken care of at the service hub, refurbished and used as spare parts. 

Remaining components are sorted and sent to a recycling hub. 

The standard scenario of how tools are being scrapped today has been based on the system 

described in Chapter 3.5. Since it is common that some components are collected by the 

customer to use as spare parts, fifty percent of the angle gear modules have been assumed to be 

reused. The reason for this is the fact that the customer mapping showed uncertainties in how 

well implemented this collecting activity was as well as how many were actually reused. 

However, the way the remaining tools are being scrapped today is carried out through an 

external company that takes full responsibility for the waste management activities. The external 

company picks up the tools at the customer in Wolfsburg, and then transports the tool to a waste 

management facility in Frankfurt where the tool is shredded in a fragmentation plant, from which 

material fractions are grinded, sifted and separated into secondary steel, aluminum, copper, PCB 

and combustible waste fractions. These fractions are later transported to a smelter located in 

Stolberg, Germany, where the material fractions are re-melted to make new primary material. In 

the model, the environmental load from these activities have been modeled as efficiency ratios, 

Kiruna (steel) 

Tierp (manufacturing) 

Ajka (aluminum) Baotou (neodymium) 

Taiwan (PCB) 

Santiago (copper) 
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which were displayed in Table 1, from how much energy that has been saved from recycling 

compared to extraction of new raw material. The recycling efficiency of how much is actually 

going through the fragmentation plant has been set to 70 percent. 

For Concept 1, where the rotors are sent directly from the customer to the assembly plant in 

Tierp, the rotors have been assigned transportation from Wolfsburg to Tierp based on the weight 

of the rotor sent in a padded envelope. See Figure 24 for a geographical representation of the 

standard scenario and in Appendix D for the transports. 

 

  

Figure 24. Representation of the standard disposal scenario (left) and the scenario where rotors are sent back (right). 

Concept 2a is a TBS model that has mainly been built around the factors of collection and 

disassembly of tools and sending intact rotors to Tierp and sort the rest of the components for 

recycling. The disassembly and sorting operation is taking place in the AC IT central service 

workshop in Gromadka, Poland. First, the tools are sent to the AC IT sales- and service division 

in Essen, Germany where already existing infrastructure regarding service and maintenance 

operations are in order for customers with service agreements. In the model, this transport has 

been included for all the collected tools since there are customers without service deals with AC 

IT who need to send the tools outside of an existing logistic line to Essen. From Essen, the tools 

are collected and sent to the AC IT service center in Gromadka, where the tools are disassembled 

manually. In the model, ninety percent of the rotors have been modeled as intact and are 

calculated to be sent to the manufacturing plant in Tierp, Sweden by lorry once a year. This 

transport has been assumed to be equivalent of sending a hundred percent of the weight of the 

rotors, regardless of how many rotors are collected. This, in order to later be able to compare the 

transports between different percentages of collected tools. The recycling rates of the other 

components have been set to ninety percent for respective component, since there are some 

losses in the sorting processes due to impurities in materials. The components sorted for 

recycling are then sent to Stolberg in Germany for recycling, like the standard scenario. See 

Figure 25 for geographical representation of the TBS scenario. 
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Figure 25. Geographical representation of the TBS disposal scenarios. 

Concept 2b had the same infrastructure as the third scenario, with the difference that motor 

modules that are fully functional are collected together with transducers. Since there is data 

stating that twenty percent of the tool fleet sometime in their operational life have a motor 

related malfunction, it is assumed that the remaining eighty percent of the tools that have 

functional motors that can be reused and that half of the twenty percent of the tools that have 

motor issues have intact rotors. Consequently, twenty percent of the tools that are sent to the AC 

IT service hub in Gromadka are collected and kept to be used as spare parts, since this is the 

shortage in supply for tools coming in with motor problems. The remaining sixtey percent of 

intact motor modules in Gromadka are sent to Tierp, where they are reintroduced into the 

manufacturing line. Ten percent of the total tool fleet are disassembled to the point where rotors 

are extracted from the motors and are also sent to Tierp. In this scenario there are also 

transducers that are taken care of in Gromadka and it is assumed that roughly fifty percent are 

intact and are possible to use as spare parts with slight refurbishment. The remaining fifty 

percent are recycled with the remaining sorted waste. All routes and distances of these four 

scenarios can be seen in Appendix D. 

9.5 Assessment of the environmental impact 

This chapter presents impact categories with the achieved results from the life cycle inventory 

(LCI). The method used was the IMPACT 2002+, interprets and translates the LCI results into 14 

midpoint categories and four damage categories by measuring specific indicators. For an overall 

scheme of the methodology, see Figure 26. 
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Figure 26. Overall scheme of the impact assessment method IMPACT 2002+. 

 

The respective damage categories are measured in the following factors: 

 DALY (Disability-Adjusted Life Year) for Human health  

 PDF × m
2
 × year (Potentially Disappear Fraction of species) for Ecosystem quality  

 kgeq CO2 (Kilogram equivalent carbon dioxide) into air for Climate change  

 MJ (Mega Joule) for use of Resources 

The comparisons between the respective scenarios were made on normalization level, which 

means that the respective damage categories have been divided by a reference measure, which in 

this case has been the average environmental impact of a European citizen in one year. In this 

way, the respective damage indicator can be translated to a scoring system in points (Pts), which 

are mutually comparable. See Appendix D for these conversation factors. The first comparison 

was made based on the utopia that 100 percent of these scenarios are utilized. The results from 

these comparisons can be seen in Figure 27. 

 

Figure 27. The weighted values of the environmental impact in numerical form for the four scenarios. 
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The overall score results of the comparison between the four scenarios can be seen in Table 8 

below. 

Table 8. The overall score of Standard scenario as well as TBS scenario divided on respective damage indicator 

human health (red), ecosystem quality (green), climate change (yellow) and resources (blue). 

Damage category Unit Standard scenario Concept 1 Concept 2a Concept 2b 

Human health Pt 10 8.3 8.7 8 

Ecosystem quality Pt 3.4 3 3.1 3.2 

Climate change Pt 9.3 7.6 7.4 6.3 

Resources Pt 10.3 8.3 8.4 7.2 

Total Pt 33.1 27.3 27.6 24.7 

 

The result showed that Standard scenario carried the highest environmental impact. In Concept 

1, where only rotors are sent back to Tierp from the customer, a difference in 5.7 points could be 

identified compared to Standard scenario. For Concept 2a, where the tools are sent to Gromadka, 

and only rotors are taken care of, a slightly increased difference in environmental impact in 

comparison with Standard scenario could be identified at a 5.4 point decrease. The scenario with 

the lowest environmental impact was Concept 2b where rotors, motor modules and transducers 

are taken care of, with a decreased environmental impact of 8.4 points in comparison with 

Standard scenario. 

In Concept 1, the environmental impact is directly dependent on the amount of collected rotors. 

For Concept 2a and 2b, one transport from Poland to Tierp has to be sent regardless if just one 

component or all of the components have been collected. Since the TBS is modeled around some 

additional transports in comparison with the standard scenario, an inefficient system with low 

collection rate would result in more environmental impact. To investigate how many tools that 

have to be collected in order to get the decrease in environmental impact created from reuse of 

components to overweigh the environmental impact from the extra transports, a break-even point 

was searched. In order to find the break-even point, a comparison with the standard scenario, 

handling 7000 tools, was compared with a combined scenario where some of the 7000 tools were 

collected with TBS and the rest of the tools were handled in the standard way. Different 

distribution percentages between the standard scenario and Concept 2a and 2b were modeled to 

find the threshold value, where the environmental impact distributions would be equal to 100 

percent going into the standard scenario at 33.1 points. The result from the modeling can be seen 

in Figure 28 below. 

 

Figure 28. The break-even points illustrated in graphs for Concept 2a and 2b. 
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From the models it could be identified that the break-even levels for the environmental impact is 

18 percent for Concept 2a and 8 percent for Concept 2b, meaning that environmental gains 

would be obtained if more than those percentages would be gathered for the respective concepts. 

9.6 Interpretations of the results and contributory analysis 

From the comparisons between the results, it was concluded that a TBS with one hundred 

percent of the tools being collected equals to an environmental impact decrease for all the 

concepts. Concept 1 showed a relatively big decrease in environmental impact from 33.1 to 27.3 

points by simply reusing the rotor. For Concept 2a, the decrease in environmental impact was 

slightly lower than the decrease from Concept 1. A conclusion which could be drawn from this 

was the fact that even though the tool was disassembled and sorted into fractions, the distance 

and weight of the transport will give an increased environmental burden. This difference 

between the two systems are however not that big being merely 0.3 points. For Concept 2b, 

where the same distribution has been utilized as in Concept 2a, the lowest environmental impact 

at 24.7 points could be identified. From the comparisons, the conclusions could be drawn that 

just by getting the customers to send the rotors back themselves would give a significant 

decrease in environmental impact, compared to recycling them the standard way. It was worse to 

send the entire tool to Poland for disassembly, just to extract the rotor component. In order to 

make such a system environmentally better than just returning the rotors by the customers, more 

components needed to be involved in the reuse activity, namely motor casings, stators and 

transducers. All of these activities are however better than recycling them in today’s standard 

way. 

Since the returning of rotors directly to Tierp from the customer would not be dependent on 

intermediary collections, no break-even number could be identified. Sending rotors from 

customers directly would therefore be environmentally positive even from just one rotor being 

collected. For Concept 2a and Concept 2b, where the collection rate actually affects the 

environmental impact break-even numbers could be identified at 18 and 8 percent respectively.  

Using exact numbers is however somewhat misleading, since the use phase of the nutrunner has 

been excluded from the scope. The results from the LCA in form of numerical values should not 

be accounted for as results of the entire life cycle. The interesting thing to observe is the trend in 

the comparison between concepts, rather than the numerical value of respective damage 

category. For that reason, the break even numbers of going into the TBS is correct with or 

without considering the usage phase. 

Since there were a limited amount of manufacturing functions in the Eco-invent 99 library, 

assumptions had to be made on a general level for all of the components. In general there has 

been between one to three manufacturing methods per component, which in many cases 

probably is a bit low. However, this assumption points towards the conclusion that the 

environmental impact that is saved through reusing some of the components probably is higher 

than what the results show. A factor which has not been considered in the standard scenario, is 

reuse of components and tool related to secondary markets, which could possibly have lowered 

the environmental impact score of that scenario. Another interesting part is that the interpretation 

method IMPACT 2002+ does not take into consideration aquatic acidification and aquatic 

eutrophication, which according to the literature on REE mining is a very big issue. This 

however only points towards the fact that the environmental gains are even bigger than what the 

numbers show.  
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10 ECONOMIC AND CUSTOMER VALUE OF A TBS  

This chapter revolves around the economic and customer value aspects that a TBS might render 

in. Costs and revenues generated from the three concepts are calculated as well as the room for 

economic compensation to the customer financed by the TBS. The customer value is investigated 

through interviews, questionnaires and survey, from which a summary is presented. 

10.1 Costs and revenue from a TBS 

The chance for a TBS to be implemented is very much dependent on the cost and possible 

revenues generated from a TBS. There are obvious costs and revenues connected to the system 

but there are some avoided risks connected to the TBS for which it is hard to value and estimate 

the possible revenues from. The avoided risks have been identified from the research in part 1 

and are following: 

 The risk of tools to be sold in an uncontrolled way which both means lost business 

opportunities but also extra work for AC IT when buying the tools sold on secondary 

markets. 

 

 The risk of spare parts to be sold in an uncontrolled way, which end up in uncertified 

workshops taking market shares from AC IT Service.  

 

 The customers keep discarded tools in order to use spare parts which results in lost 

service opportunities for AC. 

 

 The dependency of China related to the supply of neodymium needed for the rotor. 

 

 Price fluctuations of neodymium. 

These avoided risks are important to keep in mind when evaluating the cost and revenues related 

to the TBS. However, in this analysis, these posts are only presented as avoided risks and not 

valued in terms of specific revenue. 

The obvious savings are avoided costs related to reuse of components, which in this analysis is 

represented by internal purchasing price (IPP) for those specific components and modules. By 

reuse, this cost is eliminated because no new component has to be manufactured. Through 

sorting into cleaner fractions, the second hand value of the scrap is increased and can be 

accounted to AC IT. The scrap price received when selling the sorted material to recycling 

companies are figures which were received by the manufacturing plant in Tierp as of May, 2013. 

These prices can vary, in times with high metal prices the premium is fifty percent more and in 

times with low metal prices the scrapping premium can be terminated (Lindström, 2013). 

The costs related to the TBS are transportation of tools and components, labor cost for 

disassemble as well as quality checks of components intended for reuse. The transports which 

render in costs for this calculation is the distance between the service center in Poland and Tierp 

where reused parts are to be assembled in new tools. Since the rotors are small and the total 

weight of all rotors collected is 910 kilograms and for the breakeven scenario, where 18 percent 

of the tools scrapped each year, 155 kilograms rotors will be returned to AC IT. Either way, 

there is enough with one lorry each year and shipping the motors to be put in the manufacturing 

line in Tierp will be sixty percent of the total motor fleet each year. The weight for that would be 

approximately two tons and could also be transported with one lorry. The other transports will of 
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course also be a cost but not a significant difference from today because the transport from 

customer to a local service center and then further to the service center in Poland is already 

established. Tools are already transported between these places. The turnover time for a tool sent 

to service is five days (Schraft, 2013) and the tools intend to be scrapped are not in a hurry, 

meaning that they can wait until the next transport from the customer to the service center. The 

same assumption goes for transporting the sorted material from Gromadka to a smelter facility 

for recycling, this infrastructure is already there.  

10.2 Calculating potential revenue from the concepts 

Calculations for each concept were conducted in order to determine the concept with the best 

economic value for AC IT. In Table 9 it is calculated for the cost and revenue from Concept 1. 

The only cost in this system is to pay for the postage when customers send the rotor per mail. 

The only avoided cost is savings on internal purchasing price for the rotor. In the case where all 

the rotors are collected it is calculated that the postage is for all the rotors but the revenue on 0.9 

million SEK is generated from 90 percent since it is assumed that ten percent of the rotors are 

damaged. The other percentages returned tools are for breakeven for the other two TBS 

concepts.  

Table 9. The total revenues from a TBS reusing rotor and transducer. 

Cost analysis Concept 1  

Costs 
100% Tensor tools 
returned [K SEK] 

18% Tensor tools 
returned  [K SEK]  

8% Tensor tools 
returned  [K SEK]  

Transport Post  315      57      25     

Disasembly  0       0 0 

Total Cost  315      57      25     

        

Savings/revenue       

IPP rotor  1 238      223      99     

Scrapping  0       0 0 

Total 
savings/revenue  1 238      223      99     

        

Total  923      166      74     

 

For Concept 2a and 2b, there are labor costs and scrap value added in the calculation. 

Disassembly will be conducted in Poland in order to utilize the already established AC IT 

Service workshop. According to Svenskt Näringsliv (2010), the average salary per hour in 

Poland in 2009 was 49 SEK, which was used in the calculation. This number is probably 

however a bit high, since an average factory worker in Poland probably has a lower salary than 

average worker. In Table 10 costs and revenue for Concept 2a is presented. It is calculated that 

ninety percent of the rotors are reused and transported to Tierp. The column marked in grey 

indicates the environmental breakeven for Concept 2a. 
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Table 10. The total revenues from Concept 2a, reusing rotor and transducer. 

Cost analysis Concept 2a  

Costs 
100 % Tensor tools 
returned [K SEK] 

18 % Tensor tools 
returned [K SEK]  

8 % Tensor tools 
returned [K SEK]  

Transport  59      59      59     

Disasembly  57      10     5 

Total Cost  116      70      64     

        

Savings/revenue       

IPP rotor  1 100      198      88     

Scrapping  89      16      5     

Total 
savings/revenue  1 190      214      93     

        

Total  1 073      144      29     

 

The cost related to quality checks for the components are not calculated for in this analysis. 

Another element worth to emphasize on is that components most likely only will be reused once, 

this is included in the tables through savings on internal purchasing price divided by two. 

According to the calculation in Table 10, AC IT’s total revenue from Concept 2a would be 1.1 

million SEK given that hundred percent of the scrapped tools each year would be returned to 

AC. The revenue from the environmental breakeven scenario would be 0.1 million SEK. 

Table 11 shows the revenue in Concept 2b, a TBS where 80 percent of the returned motors are 

reused and 50 percent of the transducers. The calculation also includes reuse of the rotor since it 

is possible to find undamaged rotors in damaged motors. The reuse rate of rotors is ten percent 

and based on the fact that twenty percent of the motors break and half of the rotors in the broken 

motors can be reused.  

Table 11. The total revenues from Concept 2b, reusing motor, transducer and rotor 

Cost analysis Concept 2b 

Costs 
100 % Tensor tools 
returned [K SEK] 

18 % Tensor tools 
returned [K SEK] 

8 % Tensor tools 
returned [K SEK] 

Transport  59      59      59     

Disasembly  57      10      5     

Total Cost  116      70      64     

        

Savings/revenue       

IPP motor  4 988      898      399     

IPP rotor  138      25      11     

IPP transducer  2 597      467      208     

Scrapping  132      17      11     

Total 
savings/revenue  7 855      1 407      628     

        

Total  7 738      1 338      564     
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10.3 Economic compensation to customers 

From the evaluation it has been concluded that the customers might require an economical 

compensation for returning the tools to AC IT. In this study, the amount of the compensation that 

the customers are asking for has not been investigated. There are different ways to finance 

compensation and here it is assumed that the revenue generated will finance the compensation to 

the customer. Table 12 presents the pawn financed by the three TBS concept for all the tools 

collected and the break-even collection rate. For the scenario where the customer dismantle the 

tool and send the rotor a compensation of 132 SEK per tool excluding compensation for postage, 

can be given to the customer. The only avoided risks in this scenario are price fluctuations of 

neodymium and dependency on China for supplies. 

Table 12. Economic compensation financed by TBS 

Pawn per tool financed by TBS 

TBS 

100 % Tensor tools 

returned [SEK] 

18 % Tensor tools 

returned [SEK] 

8 % Tensor tools 

returned [SEK] 

Concept 1   132      132      132     

Concept 2a   153      115      53     

Concept 2b  1 105      1 062      1 008     

 

The other concepts can on the other hand account for the avoided risks presented in chapter 12.1. 

However, the pawn for Concept 2a is 153 SEK per tool which is not much more compensation 

than Concept 1where the customer also is given the opportunity to do savings on repair through 

keeping spare parts. In Concept 2b, there is room for an economical compensation which 

amounts to 1 105 SEK per tool.  

To encourage existing customers of AC IT to buy new tools from AC IT, a discount could be 

given, being slightly higher than the pawn. The price for a Tensor tool is on average 20 000 SEK 

where 1 105 SEK in economical compensation amounts to approximately six percent of the 

purchase price. For a combined compensation, with either pawn or discount, the discount could 

be seven or eight percent and the pawn would then be five or four percent.  

The economic compensation rendered from Concept 2a, where the customer return the entire 

tool, is 153 SEK per tool. Based on the fact that the customers usually keep the tools in order to 

decrease repair costs, it is not likely to assume that the customer will think it would be worth a 

compensation of that size to return the tool. For Concept 2b, six percent of the price of a new 

tool can be accounted for as compensation. In order to determine if six percent of the price of a 

new tool is reasonable as compensation, this amount has to be compared with the potential 

savings the customer does when replacing spare parts with components from worn out tools. 

Previously, it has been mentioned that the customers in general accept a repair cost up to 40 

percent of the price of a new tool. That accounts for 8 000 SEK and is as mentioned the most 

expensive repair cost they would except. It is assumed that not all repairs are that expensive, but 

instead accounts for 20 percent of the purchasing price. A customer doing repair on site with 

components kept from worn put tools can save 4 000 SEK. However, it is not sure they can make 

use of all spare parts stored, since 100 percent utilization of spare parts assumes a perfect match 

with the components that need to be replaced and the stored spare parts. This makes is hard to 

estimate the potential savings a customer does when keeping parts. The fact that Scania lack 

routines for keeping tools or not (Landahl, 2013), might indicate that no great savings can be 

accounted for.  
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To motivate the customers to return the tools is fundamental for getting a TBS to work. It is also 

assumed that this motivator most likely has to be an economical compensation given to the 

customer. If the revenue generated from the TBS is used to finance the pawn, there is no savings 

or revenues to be calculated for AC IT. There are however other benefits from being proactive in 

this way, such as strengthening of the AC ITs sustainability reputation, through doing what can 

be done to take care of REEs for example. This value in terms of increased revenue is however 

difficult to put a number on. Avoided risks, such as uncontrolled secondary sales and supply risk 

related problems are also difficult to calculate. 

10.4 The voice of the customer 

In order to investigate the customers’ interest in sustainable development initiatives and TBSs, a 

survey on the customers’ sustainability goals as well as interviews with managers at AC IT 

which had previously been conducted at AT IC were reviewed better understand the customer 

needs. A questionnaire was also sent to AC IT customers to get a picture of their requirements 

from a TBS.  

In the survey, fifteen out of twenty customers had sustainability goals concerning reduction of 

waste, recycling, reuse or green purchasing in some way. There were several examples of 

activities which these companies are engaged in, which could imply that they would be 

interested in a TBS. For example, Daimler has ‘Sustainability Guidelines for suppliers’ where it 

is stated that suppliers should have certified system of environmental management according to 

ISO 14001 or other comparable standards as well as a specific management system for removing 

workshop and service related waste. Another example is Honda, with its ‘Green Purchasing 

Guidelines’ which directs the company’s purchasing department in the procurement of materials 

and parts that have a low environmental impact and are produced by low-impact business 

activities. 

Customer’s interest in design for environment from a global perspective was analyzed through 

four interviews with managers at AC IT in Japan, North America and Central Europe. According 

to Koichi Morikawa (2013) there are companies that through own incentives take care of 90 

percent of the materials in their products, compared to AC IT where 100 percent are turned into 

scrap. Having that in mind, it would be a good idea for AC IT to make products reusable or 

recyclable to a larger extent. To be able to design products for environment, with less impact 

over its life-cycle, is important and would be a good differentiator (Morikawa, 2013). Martin 

Ruoff (2013) claims that a market leader as AC IT with responsible customers has to drive 

design for environment in order to defend the premium price level. Therefore it is also important 

to make incentives like that visible (Ruhoff, 2013). He gets supported by Wojciech Wroblewski 

(2013), who also thinks it is important for a forefront company like AC IT to implement a TBS 

for the tools. Anders Hoberg (2013) has not observed any interest on take-back system in North 

America yet. However, he has recognized positive responses from customers regarding other 

environmental incentives. He predicts an increased interest in sustainability thinking in five to 

ten years (Hoberg, 2013).  

In order to investigate what a TBS would require to fulfill from a customer perspective, 

questionnaires were sent out to twenty of AC IT’s customers. They were asked what kind of 

motivation they would need in order to utilize such a system and what kind of advantages they 

would like to relate to a TBS. The TBS was described as a service where AC collects the tools 

from the customers and reuse components to decrease environmental impact. Nothing was 

mentioned about compensation for returning the tools. The approach to required motivators was 

instead to ask the customers what would be required of the system to make them interested. 

Therefore, no question about economic compensation was asked since the obvious answer would 
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be yes. Answers from two customers were collected. One of the respondents could not see the 

point to use a TBS since they would have to give up spare parts, which they otherwise would use 

for repair in their own workshop on site (Al Ali, 2013). The other customer was positive towards 

a TBS as long as the service would be free of charge (Ytterell, 2013).   
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11 DISCUSSION  

A discussion of the results and the conclusions drawn from the thesis work are presented in this 

chapter.  

11.1 Consequences of implementation of the three concepts 

Concept 1, where the customer is allowed to reuse components as spare parts, assumes that the 

customer is willing to avoid using the motor even if it is working. Some of the customers stated 

that they use all components that can be reused. Since the motor is one of the most expensive 

components it is likely that the customer use it if they can. On the other hand the failure rate on 

the motor is 20 percent of all motors and therefore it may not match a tool with a broken motor. 

The consequence could therefore be that the motor is just stored but never used as spare part on 

the customer’s site. 

Concept 1 does not allow accounting for all avoided risks since the customers can still sell the 

tools on secondary markets and do repairs outside AC IT service shops. Since the customer is 

responsible for the recycling activities, no improvements in purer fractions can be accounted for. 

However, the supply risk for neodymium is decreased with this concept. The economical 

compensation of approximately 130 SEK per rotor could be enough to motivate the customer 

since they still have the opportunity to do savings on repairs by keeping components. On the 

other hand, AC IT cannot take credit for all components reused.  

An alternative of Concept 1 would be to ask the customer to return the whole motor module 

since it would be useless anyway without the rotor. That would give AC IT the opportunity to 

reuse the entire motor and make more revenue, which could finance a higher compensation to 

the customers and thereby increase the chances to get more tools in return. This has however not 

been included in the analysis. 

In Concept 2a, the customers lose the potential savings on repair and do not get much more 

economic compensation than what is given in Concept 1. Besides, the environmental impact was 

not less than in Concept 1. On the contrary, AC IT has the chance to gain market shares on 

service when this system obstructs the customer to do it on site. With possibilities to increase 

revenue, the compensation may be increased and thereby be a stronger motivator. Still, there is a 

risk for the system to fail. The poor compensation could lead to that the customer keeps the tool 

longer to be able to reuse components, and when assured that the components no longer can be 

used they return the tool. When AC IT gets tools in return, the possibilities to be able to reuse 

any of the rotors is low, due to the fact that there are continuously new models being developed 

and updates as well as higher rate of damaged rotors in old tools.  

Concept 2b turned out to be the best choice from an environmental as well as economic point of 

view, which corresponds to possibilities for a higher economic compensation to the customers. 

Since this system provides the avoided risks that can be accounted for, there are also other 

possibilities to actually gain revenue after having compensated the customers. This concept 

however relies more heavily on the ability of being able to reuse components as spare parts in a 

practical way. The transducer component would also need some kind of quality assurance which 

is not available in AC IT routines.  

11.2 Possibilities for AC IT to benefit from a TBS 

The LCA and the cost calculation show that a higher rate of material efficiency can be reached 

through a TBS. The system could be identified as a decoupling economic activity, where 

economic value has been generated through increased resource efficiency. According to the 
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principles of circular economy to increase material efficiency, better loops have been created to 

take care of materials and components, which are in the control of AC IT instead of the 

customer. Previously existing loops, such as recycling activities, have been made more efficient 

than before through sorting operations in AC IT workshops. Three of the four ways of increasing 

material productivity, which was identified in literature of circular economy, have been achieved 

through the creation of the TBS. By returning damaged rotors to the supplier and through better-

sorted recycling fractions ‘the power of pure circles’ is utilized and by collecting tools and to 

reuse components, the TBS also utilizes ‘the power of the inner circle loop’ as well as ‘the 

power of circling longer’, which aims at maximizing the time or number of circles. Distances 

between loops have also been decreased for remanufacturing and regular recycling operations by 

sending damaged rotors to the original supplier. By sending the rotors to the original magnet 

suppliers, material of the rotors can be taken care of and reused in contrast to sending it to 

regular recycling where it only would become impurities of other processes. To what extent the 

customer reuse the components today has not been clarified, but from the interviews conducted 

with customers, it can be stated that different companies have their own way of dealing with this, 

and that even at the same company routines can be different.  

The activities related to TBSs address the three important factors for greener products stated in 

Chapter 3.3, namely extension of producer responsibility, stimulating demand and promoting 

green production. The first element mentioned is somewhat obvious. Stimulating demand is 

obtained by promotion and information about the environmental incentives to utilize such a 

service. By reuse, remanufacturing and better recycling procedures, the service also promotes 

green production for the customers as well as for AC IT.  

According to Ab Stevels (2007), an important factor is to achieve economy of scale in order to 

enhance better end of life treatments for WEEE. Concept 2a and Concept 2b addresses the four 

drivers, previously described in Chapter 2.5, by securing the highest value of secondary material 

outlets through better sorting and separation. The disassembly efficiency is obtained through 

letting already trained operators, equipped with the special tools needed for dismantling, execute 

the disassembly. By letting specialized companies take care of the recycling process, no 

investments in mechanical treatment or material upgrading technology needs to be accounted for 

AC IT.  

AC IT can benefit from the TBS from a reputational and branding perspective, since AC IT is 

the one to take the incentive to reuse. The USP in this service may be the fact that AC IT has the 

chance to turn the lack of recycling methods for REEs into a competitive advantage by taking 

responsibility in this matter and reuse components containing neodymium. Implementing TBS 

sends a message to the customer that the producer takes responsibility during the whole life cycle 

and is aware of the environmental impact the product may cause during its lifetime. It is also 

good from a strategic business point of view to lead the way in an industry sector which lack 

previous TBS activities. If there are harder legislations in the future regarding an extension of the 

producer responsibility, AC IT will be better prepared than its competitors to meet such 

demands. 

Concept 2b shows that eight percent returned tools are enough to reach an environmental break- 

even according to the model. This means that the environmental advantages could potentially be 

obtained with a relatively low amount of collected tools, and thus rendering in a more efficient 

marketing argument. A system which is efficient is easier to convince the customers to use than 

one that is not. To have a distinctive sustainability profile makes it possible to maintain a high 

ranking in the sustainability rankings, which is important for investors as well as maintaining the 

market leader position.  

From an economic perspective, it has been shown that a TBS based on the three concepts which 

were developed in this thesis, could possibly generate revenues in such a scale that would cover 

the collection activities of the system as well as the economic compensation given to the 
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customers. It is however not very likely that a TBS based on the three concepts on the European 

market alone will generate revenue of such magnitude that it will show a remarkable difference 

in the books as direct profits. The scale of indirect profits that the TBS could possibly generate 

from winning market shares in the service sector and generating new customers from the 

sustainability profiling and marketing.  

In the calculation of costs, additional transportation costs and costs of labor to disassemble the 

tool have been included. However, no additional costs have been calculated for reintroducing the 

component in the manufacturing line, since it was assumed that the same quality check 

procedure and assembly technique is used as if it would have been a brand new component. 

There are already existing controls of the components, which in this thesis is presented as 

‘suitable for reuse’. The components have been assumed to be reused once, but since there was 

no available information on failure rates it might be possible to add more lifecycles to some of 

the components.  

11.3 Risks related to a TBS 

In the cost analysis it was assumed that all intact components, which were classified as suitable 

for reuse, could be utilized as reused spare parts or to be reintroduced in the manufacturing of 

new tools. That assumption may however not be totally correct since there are different models 

of nutrunners, where each model has several generations where the design can differ. Due to 

that, it is probably hard to find a match for each and every one of the reusable parts. If the tools 

are designed in a more modular way and the components are designed for reuse by more durable 

materials, focus on time to assembly and disassembly, a higher utilization grade of components 

can be obtained. 

Despite the fact that PCBs in the tool has a high environmental impact compared to the other 

components, and especially when considering the low weight of the PCB, nothing has actually 

been improved in this project regarding the end of life handling of PCBs. The system has 

addressed the risk of illegal export of EEE, but not investigated possibilities of reuse of the PCB. 

The scope of this project was to include the tool itself and exclude the control box on which the 

tool is connected. The control box approximately contains between one and two kilograms of 

PCBs, which is more than a hundred times the weight of the PCBs in the nutrunner, and would 

therefore be suitable to include in the TBS. Thus to find ways to reuse or prolong the life lengths 

of PCBs would substantially decrease environmental impact from the tool.  

The reason for not receiving any electric tools is probably the lack of information regarding the 

existing TBS provided to the customers. The only information about the TBS is stated in the 

manual for the electric tool. This type of information needs to reach out to persons in a position 

to take decisions regarding waste management of the tools. The manual is written for the 

operator who might already be aware of how to use the tool and therefore do not use the manual. 

The probability that the operator will read the part that concerns TBS is even less. The 

conclusion is therefore that the information about the take back responsibility needs to be 

improved and to use additional channels, such as sales and service personnel, in order to gain a 

higher collection rate of electric tools. 

Another risk related to implementing a TBS with reuse of components is the failure rate of 

reused components. If the failure rate is much higher for reused components in comparison with 

new manufactured components, the quality of the tools cannot be assured.  This may also affect 

the impression of AC IT as a premium brand in a negative way. To prevent using components 

exposed to hard wear, the information stored in the control box could be used in order to 

determine the type of usage.  
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By implementing a TBS where the customer is encouraged to give away components they 

otherwise would have reused, and then promote purchase of a new tool through discount, might 

instead of prolonging the life actually shorten the life length of the tool, and thereby counteract 

the whole purpose of a TBS. Even if components meant for reuse would have additional 

lifecycles, and thereby a better chance to be in good conditions to be reintroduced into a tool, 

components not worth to reuse would have shorter lifecycles. This possible consequence has to 

be investigated further. It may turn out that the multiplied lifecycles of components critical for 

the environmental impact outweigh the shortened life length for the other components. This risk 

can of course be minimized by increasing the amount of reused components and times reused.  

In order to design a successful TBS it might be more things in the current business model that 

has to be modified. In the current business model the sales person gets commission on selling 

spare parts, which means that the seller prefer to sell more expensive components and might not 

promote to put in a reused component as spare part when repair is executed. Since the condition 

to collect as many tools as possible, the commission could therefore as well be based on numbers 

of returned tools.  

11.4 Customer acceptance on a TBS 

This project cannot give a straight answer on what is required from a TBS in order to get 

customer satisfaction or even acceptance. Only two answers out of twenty have been received. 

One way to interpret the lack of response could be that there is a weak interest for TBS but it is a 

possibility that the questions were addressed to the wrong people. Just a few contacts were 

actually to purchasers. Among the answers received, one was interested on the condition that the 

service was free of charge. The other customer did not see the point of such a system since they 

kept components for repairing other tools and TBS would force them to give away components 

to replace in broken tools and instead buy the parts from AC IT. 

On the other hand fifteen out of twenty AC IT customers have sustainability goals that address 

waste management, reuse, remanufacturing and green procurement. A TBS could be a way to 

reach those goals. A reason for diverse answers to these questions can be that companies have 

realized the importance to have a strong sustainability profile as a competitive advantage but are 

not poised to take action in accordance to the goals and especially not if the action is unified with 

expenses or other risks. That statement is supported by the interviews with the managers within 

AC IT organization where they are positive towards design for environment and also think that 

AC IT should take better care of the materials and reuse some components but they do not think 

a take back system is good, when in fact the answer to the previous question indicated a positive 

approach.  

It was stated in the list of requirements that a TBS should simplify the end of life management 

for the customer. Concept 1 could in fact make it more complicated, especially for those 

customers that do not use spare parts. This handling also requires special tools in order to 

dismantle the tool and get to the rotor. Concept 2a and 2b have the same procedure as for 

sending tool for service and would, if not simplify at least not make it complicated. The 

requirement to get TBS accountable for the customers’ sustainability reporting can address waste 

treatment and green procurement. To tie customer closer to AC IT may be possible to obtain, 

since TBS have the opportunity to collect more data on customer satisfaction and customer 

needs.  

According to the concept of circular economy, less expensive service can be given the customers 

without taking margins from the producer’s revenue but instead get more customers due to 

flexibility in pricing. The TBS developed during this project may not give the user much less 

expensive usage of products. To achieve that, a new kind of ownership like leasing contracts or 

pay per tightening may be necessary to introduce.  
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11.5 LCA designed for Europe 

The environmental and economic evaluation is based on a customer located in central Germany 

and represents a scenario for Europe. A calculation closer to reality would be to use the average 

distances from customers to local service shop and from local service shop the central one 

located in Poland. The calculations must take the density of customers’ location into 

consideration. Using Germany as location to represent all the European market compared to 

more accurate location would perhaps render in different figures in environmental impact. 

However, the LCA was used as a tool to investigate a trend in environmental impact compared to 

current practice. Since the standard handling also used Germany as location, the trend would 

indicate the same thing, namely a TBS decrease the environmental impact. 

Impact 2002+ was used in the LCA and is a combination of methods. A weakness is that none of 

the methods take water decontamination and water emissions into consideration. Water emission 

is a fact of the extraction and refining of neodymium and is thereby influencing the results from 

the LCA. A method including water emissions and contamination of water would perhaps 

resulted in even bigger difference in environmental impact between the standard scenario and 

TBS  

This project has not focused on legislation on how to transport waste and the actual classification 

of waste. On the other hand, the TBS does not imply any big differences from the standard 

scenario since the same kind of distribution net is used. If the TBS should be implemented on 

other markets, other legislation may apply and has to be considered. More changes can be 

necessary, since all assembly of electrical tools for the entire market of AC IT is executed in 

Tierp, reuse of the motor might not compensate for environmental impact from the extra 

transports. 
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12 CONCLUSIONS AND RECOMMENDATIONS  

In this chapter, conclusions from the work are presented with the intention of answering the 

formulated questions in Chapter 1. Recommendations for future work are also presented. 

12.1 Conclusions 

 It is possible to create a TBS that decreases environmental impact in the end of life phase 

of the Tensor tools by reuse of components and better sorted fractions for recycling. 

 

 There is positive correlation in the amount of components reused and revenue for AC IT 

and decreased environmental impact.  

 

 It is possible to design a TBS where the revenue from scrapping and avoided costs could 

finance the costs of transportations, labor for disassembly and economic compensation to 

customers. 

 

 The thesis cannot underwrite acceptance of TBS from customers, but nonetheless, an 

interest from the customers in design for environment can be determined and that many 

customers have sustainability goals for reducing waste, reuse, remanufacture and green 

procurement. These are goals, which a TBS can help to fulfill. 

 

 In order to utilize materials in the best feasible way, components from the tool has to go 

through several loops such as reuse as spare parts, reintroduction in the manufacturing 

line and recycling. 

 

 The lack of a recycling system for neodymium can be advantageous for AC IT when 

introducing a TBS. AC IT thereby can market themselves as the first actor who addresses 

the problem and thereby becomes a pioneer.  

 

 Components with high environmental impact and/or high internal purchasing price in 

addition to being durable in a way that can be assured from a quality point of view are 

components which can be suitable for reuse in a TBS to decrease environmental impact 

and increase profitability. In the Tensor tools those components have been identified to 

be motor module and transducer. 

 

 Information about the TBS is crucial for a successful service. Information needs to both 

be addressed to the end customer as well as research and development, sales and service 

functions within the AC IT organization.  

 

 A property which probably affects the ability of the TBS to be successful is to design the 

products of AC IT in a more uniform way, using a more modular component system.  

12.2 Recommendations 

 Components with high internal purchasing price and high environmental impact should 

be designed for reuse. The transducer is expensive and requires a lot of procedures during 

assembly. A simplified assembly procedure would save time as well as facilitate reuse. 
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 Effort should be put on finding ways to reuse PCBs both for environmental and economic 

reasons. 

 

 Labeling components according to material classification would simplify sorting before 

recycling. 

 

 Further investigations need to be conducted in order to determine what customers require 

to reach customer acceptance and satisfaction.  

 

 The condition of components when a tool is about to be scrapped has to be investigated 

in order to calculate more accurate figures regarding cost and revenue related to the 

system. The information stored in the control unit can be used for data collection on the 

components. 

 

 Find solutions on how to collect the tools from customers without service contracts and 

agreements with AC IT and thereby also lacking infrastructure between customer and AC 

IT service shops. 

 

 Effort should be put on developing more modularized products to be able to utilize as 

many components as possible in the TBS. Modularization will lead to fewer components 

and most likely shorten the disassembly time needed for the tool. 
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APPENDIX A: SPECIFICATION OF REQUIREMENTS 

The list of requirements for the TBS: 

 Atlas Copco Industrial Technique 

Functional requirements Sales Service AC IT Customers 

Simple EoL management  x  x 

Best practice EoL handling x x x x 

Communicable x  x x 

Less dependent on raw material price 
fluctuations 

  x  

Simple administration  x  x 

Functional requests     

Accountable to sustainability 
reporting 

x  x x 

Tie customer closer to AC IT x  x  

Strengthen AC IT brand towards 

sustainability 
x  x  

Easy to implement in other AC IT 
business sectors 

  x  

Limiting requirements     

Comply with environmental 
legislation 

  x x 

Decrease environmental impact   x x 

Limiting requests     

Economic benefits   x x 

 

  



74 

 

 

 

 

 

 

 

 

  



75 

 

APPENDIX B: IDEAS FROM IDEA GENERATION 

 

The W train 
Questions and answers from the W-train. 

1. Who is the main agent in the situation or problem? 

“Atlas Copco’s end users of industrial tools were identified as the main agents. The 

reason for this was due to the customer’s unawareness of the take-back responsibility of 

the manufacturer, i.e. Atlas Copco. It is also believed to be unclear how the main agent 

i.e. the end user could benefit from returning the tools.  

2. What is the main product or action that the main agent uses or performs? 

“Scrapped tools that are considered to be broken and beyond repair at a reasonable 

cost are kept at the companies as spare parts or disposed of by recycling companies. 

The main concept of the new service would instead be to collect the tools from the 

customers for better utilization of components and materials.” 

3. Where is the main agent located when performing or using the main concept, object or 

action? 

“The tools are being kept at a waste room at the customer, since it’s a good place to 

collect scrap and is time saving. If the tool or parts of the tool is kept as spare parts, 

those will be stored at the local workshop or storage on shelves.” 

4. When or how often does the situation or problem occur? 

“For example for VW that has 10 000 units in Central Europe, the problem occurs every 

day.” 

 

Decision roadmap 
Below the answers for the first decision are presented. The following questions were asked 

and answered:   

1.Who or What takes that first decision? 

“Operator and/or line manager takes the decision to send the tool for repair, scrap or 

save.” 

2. When or Where does the decision take place? 

“The decision is taken at the manufacturing line or in the workshop onsite.” 

3. Who or What is affected by that decision? How? 
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“For the operator and the customer, it can result in a stop in the production and 

therefore the goods produced can be affected through delays. The logistics and 

infrastructure is being used to get the tool to the service workshop. It can also result in a 

saving for the customer if they use the spare parts instead of purchase spare parts from 

AC IT. But if the spare parts never are used, it might result in over filled stores at the 

customers.” 

4. What would have happened if another decision had been taken? 

“If the tool hadn’t been sent for repair it would either been scrapped at the customer or 

stored without being used. Both alternative decisions would result in one tool short on 

the manufacturing line. A third alternative when not sent to repair to utilize the take back 

service AC IT is offering the customers.” 

 

Trade-offs 

The ideas chosen to help develop the take back system and compensation needed to the 

customers in terms of get the tools in return were: 

 Some kind of economical profit for the customer 

 Discount on the next purchase of an AC IT tool 

 Something that contributes to the customer´s environmental reputation 

 An insurance that the service decrease environmental damage 

 That the service decreases administrative burden for the customer related to waste 

management 

 The customer receives environmental points when using the service 

 Clear and pronounced labeling on how to return the tool 

 Something that makes it clear when to scrap a tool 

 The transports of the collected tools is free of charge for the customer 

 Instead of buying a tool the customer pay by hour or number of screws made after use the 

tool should be returned to AC IT 

Absurd questions 
Association chains: 

 Do-make-create-modeling- build-tear down-tool-toolbox-construction worker- leasing-

return-borrow-steal-take-thief-police-mushed potato brick-sausages etc. 

 

 Collected-recycling-cleaning-decontamination-waste- bad smell-nice smell- clean- new-

reuse-flee market- sell-buy-bargain-complain-warranty-sustainability-life length- etc. 

 

 Tools-screwdriver-assembly-expensive-quality-satisfied customers -angry customers-

price-repair-service-service agreement-service employee- capable-5 days-cannot wait-

now-quick-flexible-ductile etc. 
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Words from each chain were used to create the new questions and answers. The questions asked 

were following: 

A. How to make with the recycling nutrunner?  

B. What to create with the cleaned assembly?  

C. What to build with the decontaminated expenses?  

D. What to model with the waste quality?  

E. What to tear down with the bad smelling satisfied customers?  

The answers considers to have any value for a take back system were: 

 Use in Atlas Copco workshops 

 Reuse components to make New-old tools, marked as ‘Green line’ 

 Use in Atlas Copco manufacturing/assembly 

 Use in cheaper tools such as Chicago pneumatic or the pro line (the cheaper range of AC 

IT tools) 

 Recycle 

 Reuse components as spare parts 

 Sell the tools and price them from the measured efficiency 

 Market shares 

 Visualize the environmental benefits both for the end customer but also for employees at 

AC IT and make it in an interactive way 

 Supply chain resilience 

 To sell the scrapped material to recycling companies 

 Get rid of the customers’ storage of tools 

Brainstorming 

The motor module contains interesting materials 

 Redesign exposed parts of components to be more durable e.g. bearings etc. or that those 

parts are easy to replace. Identify the parts with the highest internal purchasing price, 

and redesign those parts in order to be better fitted for reuse and remanufacturing. 

There is no existing incentive to return the tools. 

 Label that indicates tools that consists of reused spare parts 

 Discount for next purchase of Atlas Copco tools 

 Pawn for returning tools 

 A combination of both discount and pawn 

 Future EU-legislation will most certain become stricter, a TBS will prepare for stricter 

legislation 

 Show and present for the customers their contribution to environmental savings by 

obeying to the take-back system 

The take back system has to be communicated to customers, internal to AC IT employees, other 

stakeholders and lacking information about the take back system. 
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 To get customers and AC IT employees on the same track: Report environmental savings 

generated from the take back system. Atlas Copco together with the customers 

contributed to those specific environmental savings. 

 QR code on the tools- shows a movie about the take back system and what to do with the 

tool when returning the tool to AC. And also the contribution to environment when doing 

so. 

 Implement a bonus system where sale and service gain bonus for getting the customers to 

return the tools. 

 It has to be very clear on how the returning process is designed. To avoid confusion for 

the customers. 

 Put a logo as a reminder of the take back system. 

 All AC IT employees have to be well informed about the program and the advantages 

connected to it to be motivated. 

How to make quality judgments on components appropriate for reuse 

 Ocular inspection to identify failure. 

 Run the motor and measure the torque and efficiency. 

 Put the rotor in the magnetizer to insure full strength in the magnet. 

 Design components with longer life-length and make it easier to disassemble. This will 

help both during scrapping but also during service. 

The method gave some new ideas not considered before. Some of those ideas were to be 

considered as further work due to the time frame of this project. 
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APPENDIX C: EVALUATION OF IDEAS 

 

Blind spots 

Evaluation of ideas on ‘How to get the tools in return?’ 

 Idea Assumption 
Consequence of 

opposite assumption 
Impact 

 

Likelihood 

A 

Some kind of 

economic profit for 

the customer 

The customer likes to 

make economic 

profit. 

If they are not interested 

in economic profit, they 

do not return the tools. 

High 

 

Low 

   

If they don’t like to 

make profit we can offer 

the customer something 
else in return 

Low 

 

Low 

B 

Discount on the next 
purchase of an Atlas 

Copco tool 

The customer likes to 
make economic 

profit. 

If they are not interested 
in economic profit, they 

do not return the tools. 

High 

 

Low 

  

The customer wants 

to do a new purchase 

from Atlas Copco. 

If they next purchase 

isn’t from Atlas Copco 

the customer wouldn’t 

gain any advantages 

trough returning the 

tools and would not do 

it. 

High 

 

Low 

C 

Something that 

contributes to the 

customer´s 

environmental 

reputation 

It is important for the 

customer to have a 

good environmental 

reputation 

If it’s not important, the 

TBS would not be 

attractive to the 

customer. 

High 

 

High 

 
 

The TBS contributes 

to ease the 

environmental 

burden. 

If the TBS wouldn’t 
contribute to better 

environment, it would 

decrease environmental 

quality and be hard to 

motivate implementation 

of it.  

Low 

 

Low 

D 

An insurance that 

the service decrease 

environmental 

damage 

The environmental 

impact can be 

measured 

If it can´t be measured it 

will be hard to present 

the environmental 

advantages with the 

system. 

Low 

 

High 

E 

That the service 

decreases 

administrative 
burden for the 

customer related to 

waste management 

The current waste 

treatment is an 
administrative 

burden for the 

customer. 

If it isn’t a burden the 

tool will be scrapped in 
the same way as before. 

The TBS would not 

work. 

High 

 
High 

F 

The customer 

receives 

environmental 

points when using 

the service 

The customer values 

environmental point 
If they don’t value the 

points the customer will 

continue as usual. 

High 

 

High 
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The environmental 

point could be used 

in some way 

If the points cannot be 

used the points will be 

useless and the customer 

will continue as usual. 

High 
- 

G 

Clear and 

pronounced labeling 

that says that the 

tool should be 

returned 

The operator who 

handles the tool can 

take the decision to 

scrap the tool in the 

TBS. 

If the operator don’t 

have the authority to 

take the decision to 

scrap the tool she/he 

might ask someone with 

that required authority 

Low 

 

High 

H 

Something that 

makes it clear when 

to scrap a tool 

It is hard today to 

know when to scrap 

the tool. 

If it is easy the tool will 

be scrapped at the 

moment. 

 

 

High 

I 

The transport of the 

collected tools is 
free of charge for 

the customer 

The customers do not 

want to pay extra for 
TBS. 

If the customers could 

pay extra the TBS would 
still work. 

Low 

 
Low 

  
The TBS requires 

additional transports. 

If the TBS wouldn’t 

require additional 

transports it wouldn’t be 

any extra cost 

Low 

 

Low 

J 

Instead of buying 

tools the customer 

pay per hour/ 

number of screws 

made. After use, the 

tool should be 

returned to AC 

It would be 

beneficial for the 

customer with this 

kind of business 

model.  

If the customer doesn’t 

find the business model 

beneficial, the customer 

might instead turn to 

competitors, then AC IT 

loose market shares.  

High 

 

High 

K 

Implement a bonus 

system where sale 

and service gain 

bonus for getting the 

customers to return 

the tools  

The sales employee 

is still on the same 

post when the tool is 

about to be scrapped. 

The sales employee has 

another job and cannot 

gain advantage of the 

bonus. 

Low 

 

High 
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Pugh’s matrix 

An evaluation of the ideas on ’What to do with the collected tools?’ 

The ideas are explained below. 

Current practice: It is common today that the customers keep the worn-out tools in order to use 

the spare parts to be able to do repair on Atlas Copco tools them selves. Some of the Atlas Copco 

tools are sold on Ebay, which results in lost market shares on sale and sometimes repair. Other 

tools are scrapped by the customer. An external recycling company then collects the waste. In 

worst-case scenario, considering environmental impact and human health, the tools are exported 

to developing countries lacking safe recycling procedures. 

New-old tool to customer: Disassemble the collected tool. Use all parts that are not damaged and 

assemble the “new-old” tool (a tool build on used components), label it as GreenLine and sell to 

customers. 

New-old tool to AC IT WS: Same procedure as above with the exception that the tool is used in 

Atlas Copco Workshops or Atlas Copco assembly lines. 

Recycle: Disassemble the collected tool, sort in material fraction and sell the materials to 

recyclers. 

Reuse as spare parts: Disassemble the collected tool, use undamaged components that have big 

environmental impact and/or high economic value as spare parts. The rest of the material will be 

sorted and recycled.  

Reuse in new tools: Disassemble the collected tool, use components that have big environmental 

impact and/or high economic value to put in new manufactured tools. The rest of the material 

will be sorted and recycled.  
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Requirements 

 

 

Ideas 

Economic 
value for 
AC 

Quality Strengthening 
AC’s 
sustainability 
profile 

Increase 
material 
efficiency* 

Tie 
customer 
closer to AC 

Extension of 
producer 
responsibility 
concept** 

Total 

Current practice 0 0 0 0 0 0 0 

New-old tool to 
customer 4 -1.3 5 6 1 2 

 

16.7 

New-old tool to 
AC IT WS 2 -0.7 1 3 1 1.3 

 

7.3 

Recycle 2 0 3 2 1 1.3 9.3 

Reuse as spare 
parts 4 -1.3 5 5 1 2 

 

15.7 

Reuse in new 
tools 6 -1.3 5 5 1 2 

 

17.7 

Weighting 3 2 3 3 1 1 - 

 

* To do more of less material 

 

**Producer responsibility; a concept that manufacturers and importers of products bear a degree 

of responsibility for the environmental impacts of their products throughout the products’ life-

cycles, including upstream impacts inherent in the selection of materials for the products, 

impacts from manufacturers’ production process itself, and downstream impacts form the use 

and disposal of the products”. The producer responsibility seeks to reduce environmental impact 

of electrical or electronic equipment and to encourage separation and recycling of such materials 

 

-2 for much less 

-1 for less 

0 for equal 

+1 more 

+2 much more 

 

 

 

  



83 

 

APPENDIX D: LIFE CYCLE ASSESSMENT 

 

Summary of modules, material, weight and manufacturing process with respective name from 

the Ecoinvent database: 

Module Material Weight Manufacturing process 

Angle gear Low-alloyed steel 111 g Cold impact extrusion 

   Turning 

Angle house Low-alloyed steel 228 g Casting 

Ball bearing Low-alloyed steel 26 g Milling 

Bearing Nylon 6 glass filled 15 g Extrusion 

Cables Ribbon cable 20 g Ribbon cable process 

Cover Stainless steel 136 g Cold impact extrusion 

Gear Low-alloyed steel 152 g Cold impact extrusion 

   Turning 

Handle PA reinforced with glass 

fibre 

65 g Injection molding 

 Low-alloyed steel 96 g Turning 

   Cold impact extrusion 

 Silver 2 g  

Handle chassis Aluminum 67 g Cold impact extrusion 

PCB Printed wiring board 50 g Printed wiring board process 

Permanent magnet Neodymium oxide 130 g Neodymium oxide process 

   Milling 

   Metal product manufacturing 

Shaft magnet Aluminum 6 g Aluminum product 

manufacturing 

 Low-alloyed steel 40 g Steel product manufacturing 

Stator package Low-alloyed steel 312 g Hot rolling 

 Aluminum, wrought 131 g Cold impact extrusion 

Reverse ring Zink 31 g Casting 

Transducer Low-alloyed steel 47 g Cold impact extrusion 

   Turning 

Trigger Stainless steel 13 g Cold impact extrusion 
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Distances from extraction to assembly in Tierp: 

No Material Origin Distance [km] Way of transportation 

1 Steel Kiruna, Sweden 1 000 Train 

2 Copper Santiago, Chile 14 200 Boat 

   1 400 Lorry 

3 PCB Taiwan, China 16 000 Boat 

   1 800 Lorry 

4 Aluminum Ajka, Hungary 1 800 Lorry 

5 Plastics Anderstorp, Sweden 500 Lorry 

6 Neodymium oxide Baotou, China 3 800 Lorry 

   16 000 Boat 

 

 

Summary of distances travelled in respective end of life scenario: 
 

No Route Distance [km] Way of transportation 

1 Tierp – Hoeselt 1 300 Lorry 

2 Hoeselt – Wolfsburg 400 Lorry 

3 Wolfsburg – Frankfurt 300 Lorry 

4 Frankfurt – Stolberg 120 Lorry 

5 Wolfsburg – Tierp 1 000  

6 Wolfsburg – Essen 300 Lorry 

7 Essen – Gromadka 900 Lorry 

8 Gromadka – Tierp 1 100 Lorry 

9 Gromadka – Stolberg 400 Lorry 
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Characterization damage factors for the various reference substances: 

Midpoint category Characterization factor Unit 

Human toxicity 1.45E-6 DALY/ kg eq chloroethylene into 

air 

Respiratory inorganics 7.00E-4 DALY/Bq eq carbon-14 into air 

Ionizing radiations 2.10E-10 DALY/kg eq CFC-11 into air 

Ozone layer depletion 1.05E-3 DALY/kg eq ethylene into air 

Photochemical oxidation 2.13E-6 PDF·m2·yr/kg eq triethylene 

glycol into water 

Aquatic ecotoxicity 5.02E-5 PDF·m2·yr/kgeq triethylene 

glycol into soil 

Terrestrial ecotoxicity 7.91E-3 PDF·m2·yr/kgeq SO2 into air 

Terrestrial acidification 1.04 Aquatic acidification n/a n/a PDF 

Aquatic acidification n/a PDF·m2·yr /kgeq SO2 into air 

Aquatic eutrophification n/a PDF·m2·yr/kgeq PO4 

3- into water 

Land occupation 1.09 PDF·m2·yr/m2 

eq organic arable 

land·year 

Global warming 1 kgeq CO2 into air/kgeq CO2 into 

air 

Non-renewable energy 45.8 MJ total primary non-renewable 

energy/kgeq crude oil (860 kg/m3) 

Mineral extraction 5.10E-2 MJ additional energy/kgeq iron (in 

ore) 

 

 

Normalization factors for damage categories: 

Damage category Normalization factor Unit 

Human health 0.0068 DALY/point 

Ecosystem Quality 13 700 PDF·m
2
·year 

Climate Change 9 950 kg CO2 into air/point 

Resources 152 000 MJ/point 

 


