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PREFACE 

This project is carried out by Jacob Osberg and Nurul Islam to serve as the thesis 

project of the Master’s Program (60 credits) in Mechanical Engineering at 

University of Halmstad. The project was carried out during the spring semester 

2019. The project consists of 15 credits. 
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ABSTACT 
Refrigerators contains something called CFC which is a gas that depletes the 

ozone layer if it is not handled correctly. The recycling of refrigerators has 

therefore a lot of regulations surrounding it, making it extremely important to 

have full control over the recycling process.  

The pre- treatment process of refrigerator recycling is today a fully manual 

process. This introduces high amounts of physical strain on the employees, 

especially in the compressor removal stage. This project focused therefor on 

developing conceptual ideas for automating or semi-automating the pre-treatment 

process at the Stena Nordic Recycling Hub in Halmstad, Sweden. Since there are 

no automated pre-treatment manufacturing lines in the recycling industry today 

regarding refrigerators, a theoretical review on related areas was done. Visits to 

the plant were made and employees were interviewed about the current process. 

In the end two concepts were presented as suitable ideas for automating the 

process to an extent that removes the major physical strain of the production line 

but still contains the control of the process. One concept for the stage of removing 

the compressor and one concept for the production line as a whole. The 

compressor removal concept utilizes an articulated robot equipped with a claw 

that is controlled by an image analysis system.  
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1. INTRODUCTION 

1.1 Background 

Recycling companies that recycles refrigerators are all facing big challenges when 

it comes to sustainability and production efficiency. The process of recycling 

domestic refrigerators is highly manual in the pre-treatment stages. No fridge is 

like the other one and the space around the compressors are limited which makes 

it a challenge to implement automated systems. 

Refrigerators contain certain gases and chemicals that are harmful for the 

environment. Freon gas work as a refrigerant in a fridge for cooling the air, this 

moderately toxic gas is very harmful for the environment. It is not harmful to the 

body if not inhaled in big amounts but all inhalation should be avoided (Lindsay 

Slowiczek, pharmd, 2018). Moreover, it is the main responsible substance that is 

depleting the ozone layer which causes global warming. A single CFC (freon gas) 

molecule can destroy 100,000 ozone molecules, therefor it is necessary to 

evacuate the freon gas from the compressor of the scrapped refrigerator before 

recycling them. 

Refrigerator recycling cannot follow the same recycling process as other 

electronic appliances. Because refrigerator compressors contain toxic fluid and 

ozone depleting substances (e.g. CFCs and HCFCs), fluids and gases have to be 

removed prior to shredding or crushing operations in order to follow the 

international regulations and local legislation. 

Today Stena Recycling uses a very labor-intensive process in the dismantling 

process of refrigerators. There are several steps in the process to dismantle a 

refrigerator, some which are more physically demanding then others. 

Stena does not recycle the compressors them self today. The compressors are 

instead exported where they are dismantled and precious metals are extracted.  

1.1.1 Presentation of the client 

Stena Recycling AB is a large recycling company that is part of the Stene AB 

concern that can be found all over the world. Stena AB is based in Gothenburg but 

the Nordic recycling center Hub can be found Halmstad, Sweden. Stena 

Recycling takes care and collects used products and waste from the Nordic area, 

the residual materials are recycled and refined into new raw material and energy. 

Stena Recycle AB recycles near about two million refrigerators or cooling 

appliances every single year with a recycling rate of 99%. It covers one third of 

the Swedish recycling market and the same amount of another two Scandinavian 

countries, Norway and Denmark (Stena Recycling, 2019).  



2 

 

1.2 Aim of the study 

The aim of the study is to optimize the pre-treatment stage in a sustainable manner 

that will last for future generations of refrigerators. More specifically, a process 

where the physically demanding operations of the production chain are eliminated 

or semi-/automated for a better working environment. The European Union 

defines sustainable work to be work that achieve living and working conditions 

that support workers to be engaged in their work and to be able to work through 

an extended working life (European Union, 2019). The project will aim towards 

generating concepts and ideas that will lower the physical strain in the pre-

treatment process. This will be done by looking at the pre-treatment production 

line as a whole and analyzing where the biggest physical strains can be found, 

where automation can be implemented and different tools that needs to be 

developed. 

It is also in Stena’s interest to increase productivity and efficiency of the 

production chain in addition to sustainability. 

1.2.1 Problem definition 

Today the recycling of the fridges is done manually, this introduces a lot of heavy 

physical work. Another problem is that the compressors are today being exported 

but it has been made clear from the importers that this will not be case in the 

upcoming years.  

1.3 Study environment 

The project is conducted by two Master’s thesis groups from University of 

Halmstad with two members of each group. These groups will focus on the 

process of recycling fridges from a sustainability aspect in the production-line. 

This group focus on the removal of harmful gases and the removal of the 

compressors. The second group focus on the process of emptying the compressors 

of oil and extracting precious metals from the compressors. 

1.4 Limitations 

This thesis will only cover the area of the pre-treatment process. Shredding and 

handling of the CFC after the manual conveyor belt will not be covered. 
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2. Method 
Since the project aims to create a new automated and unique production line for 

the recycling of fridges it is important to utilize a theoretical framework that 

works well when there is no real precedent in the industry today. The area of 

automated disassembly of fridges has not been explored in detail which leads to 

fewer scientific articles, related material online and real-life examples in the 

industry to benchmark against. It is important to be methodical in the earlier 

stages of the project before starting generating concepts in projects like these.  

 

 

Figure 2, Flowchart for the project 

 

The project will use the structure that can be found in figure 2. To execute these 

stages different theoretical methods will be used.  

First of all, the background of the project will be explored and the aim of the 

project will be set. The stakeholders need to be identified. In order to create a 

successful solution, the solution needs to be aimed towards the stakeholders.  

Next step will be to generate the stakeholder’s requirements. This will be done 

through surveys/interviews and observations. Industrial actors (competitors) will 

be evaluated, what the competition do well should be adopted and where they fail 

should be improved or avoided (David G Ullman, 2010).  

With the help of the engineering specifications, concepts will be constructed. 

Concept generation will be done with the help of brainstorming and focus groups. 

The focus groups will provide concepts with a broader view of the project which 

can help to broaden the spectrum of ideas. 

Data collection
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2.1 Theoretical Methods 

2.1.1 Quality Function Deployment (QFD) 

QFD was developed in Japan in the late 1960s, the framework then expanded to 

industrial sectors in the US and the rest of the world later. The framework is today 

one of the biggest and most used frameworks within product development. It is a 

useful tool to develop products and focus a lot on the preparatory work that is 

essential to have a successful solution (David G Ullman, 2010). 

The framework utilizes a structure called “House of Quality”. These are the 

different steps in QFD and the order that they should be completed. 

 

Figure 2.1.1, House of quality (QFD), (David G Ullman, 2010) 

 

 

The house of quality consists out of eight different rooms (steps). 

1. Identify the stakeholders, who are they?  

2. Determine the stakeholder’s requirements.  

3. Determine the importance of every requirement.  

4. Identify and evaluate the competitors. 

5. Generate engineering specifications. 

6. Relate the engineering specification to the customer specifications.  

7. Determine engineering specifications targets and importance.  

8. Determine engineering specifications relationships. 
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The method is useful for widening the mind for possible solutions that are not 

obvious at first. It focusses a lot on the construction of specifications and mapping 

out the different stakeholders in interest and ensures that the problem is fully 

understood. It can be criticized for spending too much time in the early 

development stages of projects and appear to slow down the design process but in 

reality, it does not. The time spent here is saved later in the development process 

(David G Ullman 2010, p.168). 

For collecting information from stakeholders, QFD follows three essential 

common methods: observation, surveys and focus group (David G Ullman 2002, 

p.152). 

2.1.2 Data Collection 

In this paper quantitative data collection technique and the QFD process have 

been applied. Face to face interviews were conducted with the related employees 

in the involved organization. Employees of Stena Recycling involved in the pre-

treatment stages shared their experience and ideas by answering questionnaires. In 

order to receive more in-depth answers open-ended question techniques has been 

used.  

In this project, observation and survey methods were used to gather necessary 

data. The purpose of the observation methods is twofold. Firstly, to know what 

type of existing technologies Stena Recycling is currently applying in the pre-

treatment stages of the production. Secondly, to understand the competition by 

benchmarking against it in order to find areas of improvement or to take 

inspiration from it. Surveys/interviews are often useful tools for collecting 

information in product development (David G Ullman 2002, p.152).  

Relevant books, web portals, articles and research papers has been used for 

collecting data. Tutorials created by Stena for each step of the pre-treatment was 

also used to understand the processes and to describe them. 

2.1.3 Verbal Interviews 

The interviews will be done with four core questions. The questions are as follow: 

1. What is the most physically demanding task? 

2. What is working good today? 

3. What could be improved? 

4. What is time-consuming? 

2.1.4 Brainstorming 

Brainstorming was selected as a source of ideas and idea generating technique. 

2.1.5 Visit of the production plant 

Two visits were made to Stena’s Nordic Recycling Hub. The first visit gave an 

understanding of how the production chain worked and what the project should 
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focus on improving. The second visit gave the opportunity to interview the 

employees of the work stations and to extract more in-depth information about the 

different stations and what could be improved. Ideas were also collected from the 

employees. 
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3. THEORY 

3.1 The stakeholders 

Stakeholder Description 

Employees on the production line People working in the production 

Naturvårdsverket Swedish environmental protection 

agency 

Stena management Managers and work leaders 

Refrigerator manufacturers  Electrolux, Bosh, Whirlpool, LG etc. 

EU European Union 

El-Kretsen Non-profitmaking business dedicated 

to creating sustainable recycling for 

electronics 
Table 3.1, stakeholders 

 

3.2 The stakeholder’s requirements 

Employees Requirements Importance (1-3) 

Tool/process that simplifies the 

process of loosening bolted down 

compressors. 

3 

Better access to special tools that are 

needed for none-standard fridges 

2 

Better process of handling stress when 

multiple none standard fridges shows 

up in row 

2 

Table 3.2, stakeholders’ requirements 

 

Management Requirements Importance (1-3) 

Optimization of production line 2 

Increase sustainability around the 

working conditions 

3 

Recycle compressors 2 

Comply with regulations and laws 3 

Recycle as much material as possible 2 

Sustain/increase level of safety 3 
Table 3.3, stakeholders’ requirements 
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3.3 Evaluation of the competition 

The pre-treatment area uses a high degree of manual labor independent on what 

part of the world/industry. The production varies in automation level in the areas 

where the fridges are shredded and transported between stations of the production 

chain. For example, smaller companies often use production chains with less 

machines. JACO Environment Inc in USA is a smaller company that evacuates 

the Freon with similar tools that Stena uses but the process of removing the 

insulator material in the cabinets are done completely manual and the freon gases 

are sent off to an off-site company for further processing. Another place where 

JACO falls behind compared to Stena is in the area of sustainable working 

environment. At JACO all work is done with the fridges laying in the floor. This 

means that the employees need to bend down and work in less ideal body 

positions that lead to lower back problems (Tveito, Hysing and Eriksen, 2004). 

JACO also uses power tools in the form of Reciprocating Saws and hydraulic 

cutting tools in order to access the compressors and the isolation material in the 

cabinets. JACO sources their fridges by a service where they offer to pick up the 

fridge from homes for free (Refrigerators: Recycled, Jeff Wilson, 2011) (Recycle 

that old refrigerator (CC), Peter Clarke, 2008). 

In Spain at Eldan Recycling, a mix between Stena’s and JACOs processes is used. 

The process is similar to Stena’s and use a lot of conveyor belts to transport the 

fridges between the different stages of the production line. The difference is that 

in the stage where the compressors are removed, Eldan uses big hydraulic cutting 

tools to cut of the compressors with the bottom-plate of the fridge still attached.  

Eldan uses the same process as Stena where the cabinets are shredded complete 

and then the ferrous metals are separated from the none ferrous material. The 

isolation is then later made into pellets and used as fuel (Recycling of refrigerators 

(fridge), EldanRecycling, 2011). 

In Philadelphia a company called Appliance Recycling Centers of America source 

their fridges through a contract with General Electric, G.E. For their production 

they use a big automated machine manufactured in Germany. It recycles almost 

all the coolant only leaving 0.2 percent. It uses shredders, magnets, chutes and 

sluices to recycle the cabinets. The process of removal of the compressors are 

unfortunately not mentioned. The machine costs about 5.5 million dollars and can 

recycle 150 000 units per year. Fridges in the US are up to 3 times bigger so the 

machine is built to handle bigger units then the European market (Robots Extract 

Coolant from Old Refrigerators, Anne Eisenberg, 2011). 
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3.3.1 Customer satisfaction today 

In Appendix I all the interviews with the employees of the production chain can 

be found. To summarize the interviews, the most common answers were that the 

employees are satisfied today with the teamwork between co-workers on the line. 

It seems like the unity between people on the line is good which is important for 

the working environment sustainability and efficiency. Something that is not 

mentioned in the interviews but was stressed in a conversation with multiple 

employees after the interviews was that the teamwork and unity was key for 

sustaining a consistent work-flow. When one of the stations got stressful because 

of issues or none standard fridges the employees help each other out in these 

cases. This means that it is important to have open borders between the different 

steps of the production chain so that staff can help each other out in the need of 

more hands. 

3.4 Domestic refrigerators 

During the decades of the 1960s to the 1990s, refrigerators developed rapidly. In 

the period the size of refrigerators was increased, fashionable design was 

introduced and more energy efficient refrigerators started to be manufactured. 

The modern refrigerator introduces smart refrigerators which have additional 

features like more flexible user-controlled cooling options with multiple 

temperature zones, LCD panels for information and interaction, internet 

connection through Wi-Fi, Bluetooth, Zigbee and touchscreens (Jason Harris, 

2019). 

Sandvik claims that the future refrigerator will be able to make food last longer 

with the help of better and smarter fridges, the energy consumption will decrease 

as well. Recently Electrolux introduced a refrigerator that have a glass-door that 

turns transparent when the user walks up to it. The next step could be a robot that 

is more of a helper in the kitchen according to Electrolux (Sandvik, 2019). 

Compressors can be referred as the heart of the refrigerator. Its main function is to 

circulate the refrigerant throughout the system by adding pressure similar to a 

pump. The five most common types of compressors used in cooling systems are: 

rotary compressors, reciprocating compressors, scroll compressors, screw 

compressors and centrifugal compressors. 

Reciprocating compressors are in domestic refrigerators, it is also known as a 

piston compressor. It consists of an electrical motor, a piston, a connecting rod, a 

crankshaft, a suction valve and a discharge valve. Pressure and vacuum are 

created inside of the compressor by the piston moving up and down. 

Compressors will look the same for the upcoming years according to Electrolux, 

there are no groundbreaking technology that will be saleable for the mass-market 

today. (Sandvik, 2019)3.4.1 Past CFCs 
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In the year of 1878 Methyl Chloride was first used as a refrigerant. Most of those 

early refrigerants were highly toxic or flammable or even both. In the beginning 

of the early 19th century, water and air were used as a natural refrigerant in 

refrigeration systems. After that, ethyl ether was proposed as a refrigerant 

fluid/vapor for refrigerators. In the same time ammonia, sulfur dioxide and carbon 

dioxide also started to be used as refrigerants (Pavkovik, 2013).  

3.4.2 Todays CFCs 

Chlorofluorocarbons (CFCs) was introduced as the new standard refrigerant in the 

early 20th century as a second generation of refrigerants, it is also known as freon 

gas. This second-generation refrigerant is a nontoxic and nonflammable gas with 

relatively high mass. It is a good refrigerant because it is easy to compress to 

liquid, able to carry a lot of heat, it does not separate in pressure changes and 

temperature changes. The major disadvantage of CFC is that it causes the 

depletion of the ozone (O3) layer and causes global warming. The CFC molecules 

are destroyed by the ultra-violate (UV) ray of the sun in the stratosphere. As a 

consequence, chlorine atoms drift free and break the ozone (O3) molecules to 

oxygen molecules (O2). As a result, the ozone layer is being obstructed to shield 

the planet from harmful ultraviolet radiation emitted from the sun.  

3.4.3 Tomorrows CFCs 

Refrigerant development aims to improve safety, stability, durability, efficiency, 

economic and environmental issues. A new fluorocarbon refrigerant has been 

developed called Hydrofluoro-olefin (HFO) (Sruthiemani M, Roy R, 2017). The 

advantage of this refrigerant is the low ozone depletion potential which will 

reduce global warming. It can also be used in existing refrigeration systems.  

3.5 Disassembly 

Disassembly plays an important role in recycling house hold appliances. During 

the recycling process reusable components and recyclable materials are recovered 

from products by disassembly. House hold appliances are very popular in recycle 

industries for containing large amount of recyclable materials and reusable 

components. For house hold appliances disassembly has a unique characteristic.   

Typically, they use similar structures and similar materials and have a similar 

disassembly process. However, the sequence of the disassembly process depends 

on the precedence relationship of the components of the appliance. Because 

different product has different structures and different disassembly orders, 

disassembly lines are more efficient at disassemble similar products in large 

quantities. Disassembly lines should consist a series of workstations, it is 

important to choose a good control mechanism for a smooth operation of 

disassembly lines (Kulkarni H. M, 2010). One of the big challenges for 

automating the recycling process is that products are not generally designed for 

disassembly (Boks and Stevels, 1997). In general, the recycling industry has large 

automated recycling plants for recycling materials, but the disassembling process 



11 

 

is still manual. Automated dismantling processes are not common practice in 

today’s recycling industries (Rousis, 2008). 

3.6 Automation 

The four key critical factors pointed out for staying competitive in the global 

market are: low cost, shortening lead time, improved product performance and 

possible to adapt products to different customer specifications (French 1999). 

When automation is used in the right extent in a production process it can solve 

two of these. It shortens the lead time and generally lower the costs or improve 

quality. Automated systems could in this project help increase the mass 

production efficiency (Frohm, J., 2008). The main reason to consider automation 

for this project is to decrease or avoid the use of human effort in the physically 

demanding parts, a boost in efficiency could also be achieved. It is important to 

introduce automation in the right extent. Tesla for example introduced too much 

automation in their plant. The CEO Elon Musk himself said that the optimal level 

of automation is a complex balance between design, productivity, quality, human 

skills and machine skills. He blamed the overly automated process at the Tesla 

plant to be the main reason to why Tesla missed theirs output targets for the 

Model 3 (Tom Allen, 2018). 

3.7 Robotics 

Robotics have grown exponentially recent years. The main manufacturers of 

industrial robots are brands such as ABB, FANUC Robotics, KUKA, Yaskawa 

Electric, Kawasaki Heavy Industries and many more. In order to understand 

automation, industrial robotics need to be understood as well. 

There are different types of industrial robots that all have different pros and cons, 

they are categorized into six major areas. The different classifications are 

articulated robots, cartesian robots, SCARA robots, delta robots, polar robots and 

cylindrical robots. They are categorized based on mechanical configuration 

mainly but also based on motion control, power supply control and physical 

characteristics. The types of robots that are suitable for this project are articulated 

robots and cartesian robots. 

3.7.1 Articulated Robots 

Articulated robots are the most common type of robot and is praised for its high 

speed and versatility. Cons are that it requires skillful operators because of its 

complicated programming and kinematics. The articulated robot resembles a 

human arm in the way that it uses joints where it can twist and bend. The number 

of joints can vary from two to ten. These robots are commonly used for assembly 

in multiple industries, the pre-treatment process within refrigerator recycling can 

be thought as reversed assembly so articulated robots should be a suitable robot 

for this (Technavio, 2018). 
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3.7.2 Cartesian Robots 

These types of robots are based on a rectangular configuration. It works within 

linear x, y, and z motions and in some cases rotational motions can be added. 

Cartesian robots are known for being a simple robot which are easy to program. 

They can handle heavy loads which is useful when doing destructive processes 

e.g. ripping out compressors and wiring from cabinets. Cartesian robots are not 

perfect, they require a lot of space and have complex assemblies (Technavio, 

2018). 

3.8 Image analysis software 

Image analysis software or robotic vision as its also known as in the 

manufacturing industry is highly relevant to this project. From the beginning 

where the system takes a picture to the final decision where the system decides 

what to do, there is a range of different technologies and algorithms used. There 

are many different types of image analysis software and companies have different 

approaches to the systems and use different types of techniques and technologies. 

The goal of robotic vision is to duplicate human vision, the robotic vision needs to 

be able to make the distinction between different objects, sizes and colors. On top 

of this it also needs to be able to track the object throughout the process. It does 

this with a wide range of code and algorithms that work as a committee, filtering 

data and making final decisions based on the data that is left. Robotic vision has 

come a long way the recent years but where it still lacks behind compared to the 

human vision is in the ability to track multiple objects at the same time.  

To build an image analysis software from scratch would consume a considerable 

amount of time, luckily there are open source libraries like OpenCV that contains 

more than 2500 algorithms that are aimed towards robotic vision systems. The 

library was originally developed by Intel and supports C++, C, Python and Java. 

The filtering algorithms is only one piece of the system, tracking and a camera 

solution is still needed for a functioning system. Tracking and recognition 

solutions are offered by many companies, one of the most advanced and well-

known tool is known as SwisTrack. SwisTrack uses OpenCV and is also an open 

source tool itself. 

One of the most popular vision systems that are used for robotics is called 

RoboRealm. This is a great tool for experimenting and has a wide range of 

modules offerings so it can be used in almost any manufacturing situation 

(Intorobotics, 2019). 

3.9 Regulations 

Refrigerators fall under the category of e-waste, this means that refrigerators must 

follow the regulations of the Waste Electrical & Electronic Equipment (WEEE) 

directive (Council Directive 2012/19/EU on waste electrical and electronic 

equipment (WEEE) [2012]). The aim of the directive is to protect human health 
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and reduce environmental effects generated from the disposal of electrical & 

electronic equipment (EEE). It aims to do this by reducing resource use and 

improving the overall efficiency in the disposal process.  

Regulation (EC) No 1005/2009 of the European Parliament and of the Council of 

16 September 2009 specifically addresses cooling solutions using CFCs that 

deplete the ozone layer and regulates how these should be handled.  

When recycling WEEE members of state are encouraged to focus collecting 

cooling and freezing equipment containing ozone depleting substances. They need 

to be handled in accordance to Regulation (EC) No 842/2006 and Regulation (EC) 

No 1005/2009. 

All pre-treatment in refrigerator recycling is done manually today, in Sweden 

automated pre-treatment in refrigerator recycling was not allowed until 2014. 

Naturvårdsverket (Sweden’s environmental protection agency) governed that all 

recycling of processes like these should be done manually in order to ensure that 

all ozone depleting substances were handled responsible in accordance with the 

NFS 2005:10 direction (Naturvårdsverket, 2019). After 2014 the regulations 

changed and it is today possible to implement automated solutions as long as it 

can be verified that the automated process handles the waste responsible in 

accordance to Swedish and EU regulations. 

3.10 Standards 

ISO 26800 presents the approach of basic ergonomics approach and presents 

general ergonomics principles and concepts. ISO 6385 focus more on the 

designing process of the working process while ISO 26800 is more of a general 

guideline for better ergonomics. ISO 26800 can be applied in the design and 

evaluation of tasks, jobs, products, tools, equipment, systems, organization, 

services, facilities and environments. The aim of this standard is to improve the 

safety performance, effectiveness, efficiency, reliability, availability, and 

maintainability. The intended users of the standard are: designers, ergonomists, 

project managers, managers, workers, consumers and procurers (ISO 26800, 

2011). 

ISO 6385 establishes the fundamental principles of ergonomics guidelines for 

designing work systems. It takes the human, the social, and the technical 

requirements into consideration and tries to balance these. According to the 

standard, executives, managers, workers and professionals within the field of 

ergonomics should be involved in the designing process. The ergonomics should 

be considered all through the life cycle of the process, this includes development, 

realization and implementation, utilization, maintenance and support to 

decommissioning. The standard aims to create an optimal design with regards to 

human well-being, safety and health including the development of existing skills 
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and the development of new ones for the people working in the process (ISO 

6385, 2016 
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4. RESULTS 

4.1 Current process 

The recycling of a domestic refrigerator consists of many steps. Each step in the 

pre-treatment is done by one person and the employees rotate one time/hour. 

Each step of the production chain is explained with the same heading as in figure 

4.1. Have in mind that the overview only shows the pre-treatment process in detail 

and not the rest of the production chain.  

 

 

Figure 4.1, overview of the production chain 

 

The fridges arrive to Stena by trucks and are unloaded in the yard next to the 

production facility. The fridges are then kept outside in the yard where they are 

categorized between: domestic refrigerators, commercial refrigerators and air 

conditioning units. The plastic containers that can often be found in refrigerators 

are removed out in the yard. These can damage the shredders in a later stage of 

the production. Fork trucks then transport the refrigerators onto the conveyor belt 

where they enter the pre-treatment process. 
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4.1.1 Initial dismantling  

The lower plate of the refrigerator is what the 

compressors are bolted to. It is made from metal and 

is either bolted down with ordinary standard bolts or 

with clips. The bolts are time consuming to remove 

and the clips can just be ripped out with pliers. Most 

European domestic fridges use a type of clip that 

attach the compressors to the lower plate. The bolts 

are either removed using an air powered screwdriver 

(figure 4.1.1) or they are bashed out with the help of 

an iron lever. This is the part that require the most 

automation in order to decrease the physical strain 

that is put on the employees. Something that is 

important to mention is that the compressors are only 

loosened in this stage and not removed from the 

fridge yet. 

 

4.1.2 Evacuation of the system 

In this phase gases are being evacuated which 

can be found in the compressors and cooling 

loops. A system called the I-report shows the 

status of the evacuation by indicating a green 

light. Green light indicates the presence of 

gases inside the compressor and no light means 

it is empty. Pressure sensors generates signals 

by measuring the level of pressure. If the 

pressure of the gases has minimum 0.2 bar 

inside compressor the I-report shows the 

presence of gases by signaling a green light. 

The suction tool auto starts after getting a green 

signal for the removal of gases from the loop 

and compressor. It needs a few seconds to 

empty gases from each refrigerator.  

 

 

 

 

Figure 4.1.1, power tool for 

removing compressor bolts 

Figure 4.1.2, evacuation tool 
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4.1.3 Clamping and cutting 

In this stage an employee uses a tool that clamps the coolant lines around the 

compressor and at the same time cuts them. The tool compresses the coolant line 

in two places next to each other and cuts it in the middle of the clamps at the same 

time. Figure 4.1.3 shows a coolant pipe being clamped and cut. Notice that the 

compressor is not attached to the underplate anymore. 

 

Figure 4.1.3, the clamping and cutting tool 

 

4.1.4 Compressor removal 

This is the final stage before the cabinets continue to the shredding process. In this 

stage compressor are removed from the cabinets. Some extra cutting of wires and 

cords might be done here in order to free the compressors completely. The 

compressors are moved to a different area of the production chain where the 

compressors are drilled and emptied of coolant oil.  

4.1.5 Drilling and emptying of oil in compressors 

This step is not within the scope of this project, thus will only be described 

briefly. The compressors are attached to a table where a suction-cup with a drill 

inside of it drills a hole in the compressor. The majority of the oil in the 

compressor is sucked out and the compressor is put onto a conveyor belt made out 

of a chain-like structure where the rest of the oil can stream out and be collected 

under the conveyor belt. The compressors are then exported for recycling. 
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4.2 Concept Generation 

The concepts will be divided up into two different areas: The removal-tool of the 

compressors and the production chain as a whole. To start off, focus groups were 

used with relevant backgrounds within engineering fields to give a solid ground to 

generate concepts on and to provide inspiration. 

4.2.1 Focus group concepts 

Engineers and engineering students were asked what kind of method they thought 

would be the most suitable to use in order to loosen the compressors from the 

cabinets. A picture of a typical domestic fridge with its compressor attached was 

shown and a brief background of the project was shared with them. The task that 

was provided can be found in Appendix II.  

 

 Background 

Participant 1 Third year computer science engineer student 

Participant 2 Third year mechanical engineer student 

Participant 3 Mechanical engineer, one-year experience 

Participant 4 Computer Science engineer, one-year experience 
Table 4.2.1, Participant backgrounds 

 

Participant 1  

Figures for this concept can be found in appendix III. 

We would add the refrigerators on a rolling belt (figure 1) and add a robot (figure 

2) that will detach the four bolts at once from a refrigerator. The robot will have a 

movable arm that a human can move (semi-automated). This will not be heavy or 

difficult for the human to move. 

To know which type of compressor the refrigerator has, a human adds QR-code 

stickers to the refrigerator before it rolls on the belt to the robot. After that, the 

robot can scan the QR-code with a scanner that is attached to the arm of the robot. 

The robot will then customize the wrench to suit the compressor. 

 

Participant 2 

The physical strain could be solved using a station on the production line where 

the fridges are held in place with the help of a fixture. A claw would grab the 

compressors that can then be ripped out of the cabinets. Since this is the part that 

seems to be the most physically demanding the hook would be able to relief the 

strain of the employees. Human assistance might be needed in order to attach the 

claw around the compressor properly. 
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Participant 3 

The compressor is attached in four locations with 6 

edge bolts today. An easy and efficient method that 

should be implemented for the future recycling of 

fridges would be to have cooperation’s with the 

manufacturers. A simple idea would be to have a 

standardised and cheap clip that is attached to the 

underplate. The draw backs would be that the 

plastic clips are not as tough as metal bolts are but 

do the compressors really need such a robust 

fastening solution? More extensive tests would 

need to be made in regard to vibrations and stresses 

in the anchor points of the compressor in order to 

find an optimal design and the appropriate 

material. With a clip like this the employee would 

not need to be strained physically.   

 

Participant 4 

The first idea that pops to mind would be some kind of image analysis type of 

software that can identify the parts that needs to be disassembled. Depending on 

colour and form the software can determine what type of procedure that needs to 

be performed. Then steer the tool that is needed to the chosen place and perform 

the task safely. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.1, example of the clip 

design 
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4.2.2 Compressor removal-tool 

The challenge with designing a tool/robot that can remove the compressors is that 

the space where the tool needs to work is very small. Here is a picture of an 

Assembly model in Creo 3.0 that shows how the space in a normal fridge looks 

like. This is a best-case scenario where all the wires and pipes are removed and 

only the compressor is left. There is little to no space under the compressor and 

some fridges have a lip on the underplate in front of the compressor.  

 

Figure 4.2.2.1, picture that describes the space in a fridge 

 

No refrigerator looks exactly the same, this model represents the most common 

amount of space that can be found in refrigerators based on the observations of the 

visits made to Stena. The compressors are also in different sizes depending on the 

type and size of refrigerators, some even have two compressors. The compressor 

in the model represents a medium sized compressor that is one of the most 

common models. 
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Concept 1a 

The idea here is to use a similar tool to the already existing tool “Jaws of Life” 

that are used commonly in the fire brigade industry for cutting open cars and 

similar objects in steel. Eldan Recycling in Spain already uses a process with a 

similar kind of tool. The underplate would be cut with the compressor still 

attached to it, the tool would then be suspended in the right height with the help of 

a wire that travels on a rail in the roof or a rail that is located along the conveyor 

belt which the tool can travel on. The wire rail method is already used at Stena 

with the clamp and cutting tool for the pipes.  

The underplate might introduce problems later in the pre-treatment area where it 

might be in the way. Either it needs to be removed in a later stage from the 

compressor or the evacuation process of the compressor would need to be done 

differently to accommodate for the underplate. 

The compressor would look like this after the disassembly process on the 

production line:  

 

Figure 4.2.2.2, illustration of solution 1 
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Concept 2a 

Today the bolts are either screwed out or smashed out with an iron lever. The 

bolts could potentially be squeezed/cut out with the help of a mechanized iron 

lever. Here is a model of how that idea could look like: 

 

 

Figure 4.2.2.3, illustration of concept 2a 

 

The bolts are often offset upwards with a rubber O-ring (for vibrations) and do not 

sit flush on the surface of the compressor’s feet. This can be seen in figure 4.1.3.           

This would help the iron lever to penetrate the bolt in the threads where the 

diameter is smaller and the bolt is more prone to break.  
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The iron leaver needs to be made of a hardened steel that is resilient and resistant 

to fatigue, or a steel with similar properties. 

The iron lever could be driven by an electric motor that pushes two iron levers on 

each side of the compressor in order to break the bolts. The tool would be 

mounted on a rail that sits along the conveyer belt so that the levers can be 

positioned in the right spot by either an employee or by image analysis driven 

software that can spot the compressor and the bolts. Some things need to be 

established in order to determine if this is a viable idea first.  

• What kinds of bolts are used for the compressors in standard domestic 

European fridges, what size and grade? 

• Do all compressors use the same dimensions of the holes in the fixtures? 

• Do all compressors use a square pattern for their fixture points of the 

compressors? 
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Concept 3a 

As long as the compressors are removed so that the content is handled in a safe 

manner it does not matter if the compressor itself becomes damaged. A claw 

could be used to grip the compressors and rip them out of the cabinets after the 

cooling loop has been evacuated and cut. This could be combined with image 

analysis software that would control the claw by identifying the compressors. This 

station could be 100% automated with the help of an image recognition system 

that some of the participants of the focus groups suggested. The image analysis 

software would control the claw by identifying the compressors and then giving 

the claw instruction based on that. Something that should be held into 

consideration is that the underplate could very easily be ripped out still attached to 

the compressor. As long as the further processing the compressor allows for a 

underplate to be still attached or if a step were implemented where the underplates 

are efficiently removed this would not be a problem. How prone the underplate is 

to detach with the compressor still attached need to be explored through tests in 

order to determine the risk of this. 

 

 

Figure 4.2.2.4, concept of the claw 

 

 

Production systems that use articulated robots with claws are common, a lot of 

examples of applications with this setup can be found in manufacturing today. 
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If for any reason the underplate would pose a problem and the compressors need 

to be free from the underplate a suggestion would be to have two bars that 

suspends the underplate from each end and helps the claw to separate the 

compressor from the underplate. 

 

 

Figure 4.2.2.5, constraining bars 

 

These bars would be mounted to the conveyer belts frame and then slid in on each 

side of the compressor. When in position the bars would push down on the 

underplate keeping it in place during the separation faze.  

The process of drilling and emptying the compressors of oil could be integrated 

into one step in this concept. A drill with an extendable drill could drill the 

compressor in the its side while it is held by the claw. The compressor would only 

need to be transported to a station where it can sit and empty its content after that.  
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Concept 4a 

Since compressors are different and have different bolt patterns it presents a big 

challenge in finding a robotic solution that works for all brands and types of 

fridges. In order to solve this an intelligent system would be needed that has the 

capability to adapt itself for each application. An intelligent spanner is typically 

able to change its jaw's diameter according to bolt diameters. Intelligent spanners 

are able to autonomously change its jaw size according to the required diameter of 

the bolt or nut head. There are lots of theories on auto engagement wrenches that 

have been developed by researchers like Huzhou. He talks about an intelligent 

moment spanner that has a built-in linear displacement sensor in the mouth to 

detect the diameter of the bolt. A torque-sensor is mounted for detecting the real 

time torque (Huzhou, 2015). An intelligent spanner combined with an image 

analysis system could be a successful concept that would automate the whole 

process. Vision systems and fuzzy logic utilization can make the decision about 

the diameter of nuts/bolts. 

The spanner would only work for compressors that are mounted with bolts and 

not the type that is mounted with clips which is the majority of compressors. The 

physically demanding part can be found in the bolts and not in the clips so the 

concept would not solve all of the production flow but it would erase the 

physically demanding part for the employees. 

 

Concept 5a 

With the help of a JC-3 Series cartesian robot, tightening and loosening nuts/bolts 

on a multi-level work piece could be performed. Additional Swivel motors would 

be used for loosening nuts/bolts.  

 

Figure 4.2.2.6, JC-3 Series Horizontal Screw Tightening & Loosening robot. 
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Concept 6a 

For removing the compressors from the refrigerators, M-20iA series robots can be 

used. This six-axis versatile robot is used in multi material handling applications 

for loading and unloading. It is a payload handling robot that has 7 kg to 35 kg 

carrying capacity. Depending on the working area, the robotic arm can be 

customized using a standard, short or long arm. Various intelligent systems with 

iRVission and force sensors are used to control the robot.  

Four clamps attached on the head of the robot’s arm grip the compressors. After 

that, the robot removes the bolts from the compressor and then it removes the 

compressor from the refrigerator and places them in the assigned location. 

        

Figure 4.2.2.7, M-20iA series robot grabbing material for loading and unloading. 

Concept 
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4.2.3 The production line 

Concept 1b 

By using a system of image analysis driven robots, the whole production chain 

could in theory be automated. The production chain would use conveyor belts like 

the ones that are used today. The fridges should be mounted standing, the same 

way as they are today in order to save space in the production facility. Having the 

fridges mounted with the doors facing the conveyer belt was also considered but it 

was feared that the handles of the doors could tilt the fridges leaving them angled 

on the conveyer belt and introducing more challenges for the robotic systems. 

These are the three automated but synchronized phases suggested: 

 

Table 4.2.3.1, different phases of concept 1b 

 

The image analysis system would identify the component of interest in each phase 

of the production chain. The robots would then receive their instructions and 

execute the orders.  

Phase 1 

This phase will check if freon exists or not inside the compressor or the cooling 

loop. An articulated robot with the tool that is used today could simply evacuate 

the system of gases. If freon can be found in the loop or compressor the gas will 

be evacuated and handled safely in the same way they are handled today. In 

observations made in relation to the visits to Stena’s Recycling Hub, some 

refrigerators had a lot of objects blocking the pipes in some of the refrigerators in 

the form of wires and insulation material. A human would be needed to make sure 

that the robot in phase 1 had a clear sight of the pipes by removing objects in the 

way. The fridge then moves over to phase 2. 

Phase 2 

Here the existing tool or a similar one to the one that is manually used today is 

used in order to evacuate the cooling loops and compressors of freon. The tool 

would be mounted to an articulated robot controlled the same way as in phase 1. 

The cutting and clamping needs to be done on the inlet side and the outlet side of 

the compressor so the system needs to be able to identify these to pipes. 

 

Phase 1 

 

Phase 2 

 

Phase 3 

Evacuating the system 

of freon 

Clamping and 

cutting the cooling 

loop around the 

compressors 

Dismantling and 

removing the 

compressors 
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 It would be wise to explore the possibility to have both this tool and the tool in 

phase 1 combined into one now that the limit of the tools weight has been 

increased considerable. After the robot has evacuated the system the refrigerator 

will arrive to the final phase. 

Phase 3 

Depending on what kind of concept/solution that is selected for the process of 

loosening the compressors it would be used in this phase. Some of the concepts 

that have been suggested for this phase in this project have a drilling operation 

included in them. In this case the compressors would be transported to a conveyer 

belt like the ones that are used today that allows the compressors to slowly drain 

the oil with the help of gravity. The compressors would then be sent off to the 

next step which would either be extraction of precious metals or exportation of the 

compressor. 

If the drilling is not included, the compressor would then be transported to the 

next stage of the production chain which is the drilling and evacuation of the oil in 

the compressors. 

A big advantage of a process that is automated to this extent is the data that could 

be collected and analyzed easily. This facilitates the use of standards and process 

improvement tools (Six Sigma, Lean, TPM) to accumulate data collection and 

documentation.  

 

Concept 2b 

By applying the morphological method, (David G Ullman 2002, p.204) combining 

the individual concepts 4, 5 and 6 to create a complete conceptual design, this 

could be one possible concept. 

 

Figure 4.2.3.2, flowchart of the concept process 
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5. CONCLUSIONS 
The conclusion of this project is based on: 

• Observations made at the two visits to Stena’s Nordic recycling hub in 

Halmstad 

• Review of related manufacturing areas 

• Review of relevant technologies 

• Evaluation of competitors 

• Local and international regulations 

• Interviews with employees 

• Review of relevant standards 

After taking these reviews and evaluations into consideration concept 3a was 

chosen for the removal of the compressors and concept 1b was chosen for the 

process as a whole.  

The reason for choosing a fully automated process for the removal of the 

compressors is to get rid of the physical demanding part all together. Furthermore, 

the compressor removal is probably the easiest step of the pre-treatment process to 

automate considering that the compressor has a very distinctive shape and color 

when mounted in the cabinet which gives the image analysis system an easier 

time to identify and track the compressors. 

The evacuation of the CFC could be very tricky for an image analysis system. The 

pipes are often hidden behind wires and the pipes often twist in inconsistent ways 

so a working prototype would be a suitable first step to get this station to work 

properly. This is where the CFC could potentially leak out into the atmosphere, 

therefor it is the most critical step of the pre-treatment process from an 

environmental and legislative perspective. 

5.1 Recommendations for future activities 

This project has focused on developing concept ideas around the mechanical 

aspects of automation at the pre-treatment unit at Stena. Next step would be to 

meticulously research how image analysis driven systems should be implemented 

for optimal efficiency in this specific production chain since there are no real-life 

examples in existence.  

The image analysis system’s proficiency to distinguish the pipes and choose the 

right ones need to be explored. When Naturvårdsverket removed the legislation 

prohibiting automated systems in the pre-treatment process the agreement was 

that industrial actors would make sure to handle CFC in a responsible way. 
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6. CRITICAL REVIEW 

6.1 Sustainability 

The project focusses a lot on the aspects of sustainable work. One of the main 

challenges have been to find a solution that use the correct level of automation, 

the goal is not to replace people. The goal is to relief physical strain, increase 

safety, maintain a responsible process and optimize the process. Introducing fully 

automated solutions will replace people which must be taken into consideration 

from an ethnical aspect. Automation can introduce something called workplace 

anxiety. This means that when automation is introduced in a working place, 

employees start to worry if their jobs are in danger of being replaced. This unclear 

nature can introduce dips in morale and conflicts between the employees and 

management. It is key to make sure to be transparent with the employees about 

the automated equipment and that it is there to help them and relief them of 

physical strain (Parker Automation, 2019). 

Recycling of refrigerators that contain CFCs is one of the potentially most 

harmful WEEE the world faces right now. It is therefore extremely important that 

gases are handled in a responsible way. The ozone layer depletion has been one of 

the major worries in regard to human environmental damage since 1974 when it 

was discovered. The discovery of a hole in the ozone layer 1985 started a world-

wide trend of replacing dangerous CFCs with ozone-friendlier CFCs and 

implementing responsible end-life processes of CFC products. The Montreal 

Protocol on Substances That Deplete the Ozone Layer was introduced in 1987 and 

all of the 197 UN members adopted the act later. It is estimated that the act is 

responsible for preventing 280 million cases of skin cancer, 1.5 million skin 

cancer deaths and 45 million cataracts (Christina Nunez, 2019). 

Automation of refrigerant is full of both ethical as well as environmental 

dilemmas. This is surely one of the reasons to why the industry still uses such a 

high degree of manual labor in the pre-treatment stages.  

6.2 Project Thoughts 

The use of QFD was not optimal, when doing development of a process that has 

no clear best model it can be really tricky develop engineering specifications that 

can be measured and benchmarked against. The QFD of this project is very 

different from the textbook template that can be found in Ullmans books.  

Finding relevant literature was a challenge, the area of automation within pre-

treatment of recycling, remanufacturing and dismantling is limited. Literature that 

was found was often very general in the area of automation or very specific in a 

totally different type of manufacturing.  
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Appendix I - Interviews 
Questions: 

1. What is the most physically demanding task? 

2. What is working great today? 

3. What could be improved? 

4. What is time-consuming? 

Answers: 

  Question 1 Question 2 Question 3 Question 4 

Person 1 

Loosening of 
bolts in 
fridges with 
compressors 
that are 
bolted down 
with bolts 

Happy with how 
things work N/A 

Special fridges 
that require 
special tools 

Person 2 

Loosening of 
bolts that are 
hard to reach 

The teamwork 
within the team 

Tools that break to 
often N/A 

Person 3 

Bolts that are 
stuck or hard 
to reach 

The unity of the 
people working 
there 

Stressful if you fall 
behind on the line 

Fridges that are 
special and none-
standard 

Person 4 
and 5 

Loosening of 
bolts of 
special units 

Teamwork and 
unity in the team 

The cut and 
clamping tool 
breaks often 

Fridges that are 
not standard and 
requires more 
time. Sometimes 
these kinds of 
fridges come in 
higher 
concentration 
which leads to 
stress 
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Appendix II - Focus group task 

Automation of coolant agent 

extraction process in refrigerators 

Background 
Today Stena Recycling uses a very labor-intensive process in the dismantling 

process of refrigerators. There are several steps in the process to dismantle a 

refrigerator in a sustainable and efficient way. 

Aim 
The aim of this project will be to optimize the dismantling process in a sustainable 

manner that will last for future generations of refrigerators.  

More specifically, a process where the physically demanding operations of the 

production chain are eliminated or semi-/fully automated for a better working 

environment are to be explored. It is also in Stena’s interest to increase 

productivity and efficiency of the production chain in addition to sustainability. 

The compressors are fastened with the help of clips or bolts. Picture 1 shows how 

one of the four bolts looks like on a standard compressor. It is this kind of 

compressors that are the biggest physically demanding task of the production 

chain. 

Question 
How would you with your expertise and 

background solve this problem? The 

concept does not need to be 100% 

automated, the goal is to relief physical 

strain from the employees of the 

production line. Please write a short 

description of how you would loosen the 

compressors and/or design the 

production chain. 

 

 

 

 

 

Figure 1, common compressor used in European 

domestic refrigerators 
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Appendix III - Participants 2 images 
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