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 SAMMANFATTNING 

Sverige är ett av de länder med högst återvinnings- och skräphanteringsratio. Mängden 

deponi har minskat mer och mer under de senaste åren och ersatts med fler 

återvinningsmetoder samt energiåtervinning. Dock så är en hög andel av det material som 

förbränns och hamnar på deponi fortfarande användingsbart vid återvinning. Därför finns det 

ett behov att hitta en mer effektiv lösning för materialåtervinning. Rapporten täcker arbetet 

med att utveckla och visualisera ett koncept för en single-stream återvinningsanläggning som 

skall kunna appliceras i Sverige. 

Material och skräptyper har studerats och evaluerats. Detta gav sju olika fraktioner: blandat 

papper, PE, PP, HDPE, järnhaltiga metaller, icke järnhaltiga metaller samt trä. För dessa 

fraktioner har sedan maskiner valts ut och sedan 3D-modellerats. Omgivande komponenter 

som t.ex. trappor och ställningar har även modellerats för att ge ett verkligt intryck av 

återvinningsanläggningen. För exteriören av anläggningen har fotogrammetri använts för att 

återskapa en topografi för att sedan integrara byggnaden i topografin. Animationer har gjorts 

för både exteriören och interiören för att visa hur skräpet kommer till anläggningen, 

behandlas, och sedan transporteras iväg.  

Eftersom arbetet har varit på ett konceptuell nivå ges rekommendationer och tips på fortsatt 

arbete för att kunna verkställa en sådan anläggning i Sverige. 

Nyckelord: Återvinning, Skräphantering, Visualisering, CAD 
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ABSTRACT 

Sweden is one of the countries with the highest recycling and waste processes rates. Over the 

years the landfill has been reduced and replaced by better recycling and waste-to-energy 

through combustion. However, a large amount of the waste that goes to to combustion and 

landfill are still useable if recycled. Therefore there is a demand of finding a more efficient 

solution for recycling material. The report covers development and visualisation of a concept 

for a single stream recycling plant that could be applied on waste in Sweden. 

Materials and waste has been studied and evaluated to find seven fractions to recycle from a 

mixed waste stream: mixed paper, PE, PP, HDPE, ferrous metals, non ferrous metals, and 

wood. Machines were selected and 3D modelled. Photogrammetry was used to recreate a 

topography of the surroundings to put the plant in. Animations were made of the exterior and 

interior demonstrating how the waste arrives to the plant, gets sorted, and finally transported 

away. 

Since the work is on a conceptual level the report provides recommendations and future work 

for how to further develop the plant, and finally build it in Sweden. 

Keywords: Single Stream Recycling, Waste Management, Visualisation, and CAD 
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NOMENCLATURE 

Notations 

Symbol  Description 

α   Angle alpha 

β  Angle beta 

B  Distance 

L  Distance 

Abbreviations Description 

2D  Two Dimensional 

3D  Three Dimensional 

ASCII  American Standard Code for Information Interchange 

CAD  Computer Aided Design 

CDW  Construction and Demolition Waste 

CIW  Commercial and Industrial Waste 

e.g.   Exempli Gratia 

EU  European Union 

HDPE  High Density Polypropylene 

LAS  Log ASCII Standard 

MSW  Municipal Solid Waste 

NF  Non Ferrous 

NIR  Near Infrared 

PE  Polyethylene 

PET  Polyethylene Terephthalate 

PLY  Polygon file format 

PP  Polypropylene 

PVC  Polyvinyl Chloride 

RGB  Red, Green, and Blue, color code 

ROAF  Romerike Avfallsforedling 

STEP  Standard for the Exchange of Product model data 

WBS  Work Breakdown Structure 
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1 INTRODUCTION 

The introduction chapter presents the background to the work with the recycling plant, the 

delvierables from the customer, and what methods used to fulfill the work. 

1.1 Background 

With an increased consumption around the world, the need of recycling and reuse of material 

gets more important. Looking at the waste coming from the households in Sweden there have 

been an increase of about 4 % from 2010 to 2012, from 2012 it can be seen that the waste 

amount increases every year. The total amount of waste that the households in Sweden 

generated in 2012 were 4.2 ton (about 440 kg/person) which represents about 3 % of the total 

amount of waste in Sweden in a year. (SMED, 2014) The industry sector produces the largest 

amount of waste of the sectors in Sweden, 2012 it noted 120 million tons of waste (about 

13.5 ton/person), which was an increase of 40 million tons since 2010. (SMED, 2014) 

Sweden is one of the countries with the highest recycling and waste processes rates. Over the 

years the landfill has been reduced and replaced by better recycling and waste-to-energy 

through combustion. (Profu AB, 2013) However, a large amount of the waste that is going to 

combustion and landfill is still useable if recycled. Therefore there is a demand of developing 

a more efficient solution for the recycling of material.  

This report covers the work of developing and visualising a concept for a single stream 

recycling plant that could be applied in Sweden. The work were conducted by two students at 

the Royal Institute of Technology in Stockholm for their master thesis at the institution of 

machine design. The work took place from February 2016 - August 2016 and was assigned 

by Jörgen Björnfot at Sweco. 

1.2 Purpose 

The purpose of this work has been to develop and visualise a single stream recycling plant 

that could be applied for the waste in Sweden. The plant had to manage to recycle different 

fractions of mixed waste. The work had to result in animations or other visualisation tools to 

give the plant an appealing and convincing impact and a demonstration of the process. The 

concept had to be an economically sustainable solution in order to convince investors, the 

waste had to be evaluated with regard to potential profit from recycling it. To further 

strengthen the argument of the plant a comparison between the CO2 footprint of recycling 

waste and producing corresponding amount of raw material was made. The requirements and 

deliverables were: 

 Waste evaluation 

o Identification of which waste to sort from a single stream waste input with 

regard to profit and environmental impact. 

o Find a single stream solution for the selected waste 

 3D model of the plant interior for visualisation. 

o Animations of the interior. 
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o Appealing visualisation for the customer. 

o Give a basic understanding of its functions such as sorting mechanism and 

how the machines are combined. 

o The plant had to give an impression of being profitable. 

o Constructed to enable future expansion. 

 3D model of the plant exterior for visualisation. 

o Animations of the exterior. 

o Maximum area for the building of 10 000 m
2
. 

o Ensure recognition of the location for the customers. 

 Time limit of for the animations of  three to four minutes. 

 Brief work opportunity study. 

1.3 Delimitations 

For the work with the recycling plant, delimitations were made: 

● Detailed design. Meaning that the modelling will be on conceptual level with no 

detailed drawings. 

● Taking architectural standards, building codes, strength of construction and 

community planning into account. 

● Modelling of the outputs with waste for combustion, however there is space set aside 

for those in case of further work with the concept. 

● Total investment cost e.g. purchase, building, installation, power supply. 

1.4 Methodology  

Different methods were used to approach the different steps to fulfil the work with 

developing a recycling plant. A WBS was created to find what steps of the process are (see 

more in Chapter 3: Implementation). This section describes what approaches that were made 

throughout the work. 

1.4.1 Information Retrieval 

It was important to retrieve as much fact about the subject as possible to begin with to be able 

to execute the work. Databases such as KTHB Primo was used to find articles and books 

regarding waste management and environmental questions. There were also consultations 

with people with knowledge in waste management to gain information. 

1.4.2 Concept Generation 

To be able to develop a concept the waste fractions of interested had to be pinpointed. This 

was based on the amount of waste from each fraction as well as the value when selling it. 

CO2 footprint was studied as well for the materials. Through brainstorming and consultation 

with experts a concept could be generated and developed. The development was done by 

rough drawings, a simple paper model, and CAD models. 
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1.4.3 Visualisation of the Concept 

To visualise the concept CAD was used to model the recycling plant. The plant was animated 

and set in the right environment to give an as realistic picture as possible. This was done in 

KeyShot for the interior modelling and in 3ds Max for the exterior modelling. To model and 

animate the exterior, photogrammetry was used to reconstruct the environment. The point 

cloud gained from that was post processed before imported to 3ds Max. 

1.4.4 Documentation 

The work was documented in this report, as well as animations and picture given to the 

customer. The work has also been presented at an oral presentation at the Royal Institute of 

Technology. 
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2 FRAME OF REFERENCE 

The frame of reference chapter includes topics studied during the pre study. The retrieved 

information intended to assist in developing the concept of the recycling plant. 

2.1 Municipal Solid Waste (MSW) 

MSW is the waste generated from private households and public areas such as schools, 

nursing homes and smaller businesses (EEA, 2013). MSW mostly contains biodegradable 

waste but also paper, plastics, minerals, glass, metals, textiles, compounds, and wood. In 

2014, the MSW in Sweden was around 4 500 000 tons which was an increase of 2 % from the 

previous year. The MSW was either recycled, energy recovered, or put to landfill, which is 

shown in Figure 1 (Avfall Sverige, 2015). 

 

Figure 1. Waste treatment of MSW in Sweden. 

It is the municipality’s responsibility to collect the waste. The municipality needs to have a 

set plan for how to manage and treat the waste. (Avfall Sverige, 2015). 

2.2 Construction and Demolition Waste  

Construction and demolition waste, CDW, is the waste generated during construction or 

demolition of buildings or infrastructures. In the EU, CDW is one of the largest waste 

sections, covering about 30 % of the waste. (European Commission, 2016) CDW can consist 

of materials such as wood, brick, concrete, soil, metals, and other building materials. Many of 

them could be valuable if correctly recycled and quality checked for hazardous substances. 

Hazardous materials that could be in the composition of CDW are for instance asbestos and 

lead based paint, which needs to be separated to make CDW valuable. (European 

Commission, 2011)  

2.3 Commercial and Industrial Waste  

The commercial and industrial waste, CIW, is the waste generated from the commercial and 

industrial sector. The waste composition is often paper, plastic, metal, packaging, and 

cardboard. 
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2.4 The Waste Hierarchy 

The European commission has given directives of how to handle waste for the member states 

of the EU (European Union, 2008), the guidelines for the waste management can be 

illustrated as a waste hierarchy and is shown in Figure 2.  

 

Figure 2. The waste hierarchy. 

The waste hierarchy it is divided into five steps: reduce, reuse, recycle, waste-to-energy (e.g. 

combustion), and landfill, where the optimal scenario is to be as high up in the hierarchy as 

possible. With other words reduce the amount of waste and avoid waste to go to landfill. 

2.4.1 Reduce 

Reducing waste should be the primarily action. Material should be prevented to become 

waste and less raw material should be used for production. It’s about giving the producers 

and consumers knowledge of how to reduce and the affects it has on the environment. 

2.4.2 Reuse 

The second step in the hierarchy is to reuse the products instead of consume new products. 

This can be done by exchanging things with acquaintances or handing them into a second 

hand store. Cleaning the soap bottle and refill it instead of throw it in the trash is a simple 

example of saving raw material. 

2.4.3 Recycling  

When it is not possible to reuse a product it should be recycled and a large amount of the 

waste that goes to combustion could be recycled. By recycling material, new products can be 

made with less usage of new raw material. In Chapter 2.5: Sorting methods, ways to recycle 

is described. 
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2.4.4 Waste-to-Energy 

Today, almost half of the generated waste from households in Sweden goes to combustion to 

generate energy (heat and electricity). When combusted the waste is reduced up to a fifth of 

the amount before, left are the ashes and the slag. (Sopor.nu, 2016a) 

2.4.5 Landfill 

Today the landfills are handled differently compared to the landfills a couple of years ago 

when the waste was disposed there without any actions taken. During a long time it was the 

most common way of managing waste in Sweden but has during the last decades decreased (a 

decrease of about 68 % from 1994) and regulations around the handling and treatment of the 

landfills has been stricter. (Sopor.nu, 2016b) 

Landfill should be the last alternative, when the waste can not be recycled. The industry 

generates the most of the unrecyclable material, which can be chemical residues, that 

contains hazardous substances but also non-hazardous materials such as mineral waste, ash, 

and slag. (Naturvårdsverket, 2015) 

Since the landfill contains hazardous substances it is important to have barrier layers 

protecting the surrounding ground from being polluted. Figure 3 illustrates the layers 

protecting the surrounding area from the landfill. 

Water that has been in contact with the landfill needs to be collected and cleaned and there is 

also a need for a gas collection system due to the methane and carbon dioxide gas produced 

from organic waste (nowadays there are more strict regulations for organic waste in landfills). 

(Sopor.nu, 2016b) 
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Figure 3. Barrier layers covering the landfill. 

2.5 Sorting methods 

There’s a lot of different equipment to sort different types of waste, either it happens 

manually or automatically. In this section, different types of methods are described. 

2.5.1 Recycling Point 

Recycling points is an easy way for residents to recycle, the center is a self service center 

where the resident sort the waste himself or herself. The recycle points are often placed in 

connection to residential areas and provide the opportunity to recycle household waste such 

as food packages, paper, plastic and glass. (Nilsson-Djerf, 2016) Some municipalities also 

have biological sorting where the residents can put their food waste for composting or 

anaerobic digestion. (Avfall Sverige, 2016X) 

2.5.2 Recycling Centers 

In comparison with a recycling plan the recycling center is manned and the residents and 

smaller companies can leave waste such as bulky, hazardous, combustible and electronic 

waste as well as the waste taken cared of at the recycling point. There is also collection of 

wood and garden waste.  (Svantesson, 2016) 

2.5.3 Colour Sorting 

In some municipalities colour sorting has been implemented as a sorting system. The 

residents sort different waste types into coloured plastic bags. The bags are put into the same 

waste bin. The garbage truck collects the different coloured bags at the house and brings it to 

a sorting center. In Sweden, this method has for instance been implemented in Eskilstuna and 
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was the first to use a colour recognition system to sort six different fractions. (Eskilstuna 

Energi & Miljö AB, 2016) 

2.5.4 Single Stream Recycling 

In a single stream recycling plant, mixed waste can be sorted with different machines that can 

identify the materials from the mixture. The machines can for instance be metallic- and 

sensor based separators. With this more waste can be recycled without having the residents 

sort their waste. Transportation costs for the collection can be reduced as well when all the 

mixed waste can be collected at once. This kind of recycling can be fully automated if 

wanted, but also enable work opportunities, if for instances manual quality checks are added. 

Figure 4 illustrates the principal with single stream recycling where the different fractions get 

recovered from the waste stream by different machines and the left overs end up to fuel. 

 

Figure 4. Single stream recycling. 

Romerike Avfallsforedling, ROAF, located in Norway is one example of a company that has 

invested in a fully automated single stream recycling plant. The residents of the nearby 

municipalities sort their organic waste into green bags and the rest of the waste is thrown, 

mixed, into another bag. In that way the organic waste can easily be separated with sensor 

based machines that recognises colours. The rest of the waste continues into the recycling 

plant to get sorted. (Faulkner, 2016) So far no single stream recycling plant has been 

implemented in Sweden. 

2.6 End-of-Waste 

The waste has come to the end-of-waste state when it has fulfilled certain criteria of quality 

for not be considered as waste, in other words, the recycling process has come to its end. The 

European Commission has specified criteria of how to distinguish when waste stops being 

waste. The criteria consists of for instance that there need to be a demand for the material and 

that it will not harm people or the environment. (European Commission, 2016) 

2.7 Materials 

To get an understanding of how to recycle different materials a material study was done. In 

this chapter some materials that have been studied are presented. 
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2.7.1 Plastics 

Plastics can be thermoplastics or thermosetting plastics. The main difference between the two 

is that thermoplastics can be remelted and formed while thermosetting plastics can only be 

melted and formed once. This difference makes thermoplastics more recyclable friendly due 

to the ability to use the material for new applications. To produce new plastics, oil is needed. 

Since the access to crude oil is limited, it is crucial that plastic products need to use more 

recycled plastics than using new oil. (Klar et al., 2014) Plastics are degradable but it will take 

about 450 years for plastic bottles to break down in the nature, which instead could be reused 

for new purposes. (Sopor.nu, 2016c) The plastics fibers can be used up to four times which 

saves a lot of oil. If the use of oil doesn’t decrease the level of oil will be running out in a 

couple of years. (SÖRAB, 2016) 

2.7.2 Metals 

Most of the elements in the periodic table are metals, about 80 %, and can be extracted from 

the ground with mining. The use of metals is widely used and has increased more throughout 

the years. Combined with the fact that metals are not degradable, it becomes a problem for 

the waters and vegetation to handle metal emissions. (Naturvårdsverket, 2016) 

Therefore it is important to take care of the metals and recycle it to find a new use for it. The 

advantage with recycling for instance steel and aluminum is that it is possible to recycle them 

over and over again without compromising the quality of it. Instead of extract new metals the 

already mined metal can be reused. When recycling the metal is often melted and reformed to 

a new shape. Recycling metals can save up to 95 % of the energy compared to producing new 

material. (Sopor.nu, 2016c)  

2.7.3 Paper 

Paper is a material made from trees. The paper fibers can be recycled up to seven times to 

produce new paper and after that it can be combusted to generate energy. (Sopor.nu, 2016) 

The larger sized paper that comes in for recycle the easier it is due to the conservation of long 

paper fibers. The more shredded the paper is, the shorter the fibers will be. Therefore it is 

preferable if the paper is not too small when recycling. (Earth911, 2016) By using recycled 

fibers instead of producing new, it may save up to 70 % of the energy. (Återvinning 

Stockholm, 2016a) 

2.7.4 Glass 

As well as mentioned for steel and aluminum, glass can be recycled over and over again 

without compromising with the quality. However, it is important to secure the pureness of the 

glass when melting it down so that it will not become contaminated. It saves about 20 % of 

the energy when recycling compared to producing new glass. (Återvinning Stockholm, 

2016b) 
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2.7.5 Wood 

Wood is a natural material found in the nature. When recycling wood it can either be 

combusted and used as fuel or used for paper manufacturing. Quality check of the wood 

purity is necessary since treated wood (painted or impregnated) could contain hazardous 

substances. 

2.8 Reverse Engineering 

Reverse engineering can be described as taking an existing object and turning it into a 3D 

model without any information such as drawings.  Recreate an existing object to a 3D-model 

can be done in different ways. It can either be measured manually and then 3D-modelled 

according to the measurements but it can also be done by for instance scanning or 

photographing which are two non contact methods. Measuring it manually can be very time 

consuming if the part or scene has a complex geometry and by using scanning or 

photogrammetry the time savings can be done. (Raja and Fernandes, 2008) 

2.8.1 Photogrammetry 

Photogrammetry is a non contact method, which creates a 3D model by photographing 

several 2D images, and calculating the distances to points in the images, Figure 5 shows a 

camera from two different positions where the same object is included in both images. 

  

Figure 5. Triangulation. 

With the known distance L to the object and the distance B between two camera positions, the 

geometry can then be decided through triangulation. The method can be thought of as how 

the human vision works, where the two eyes sees two 2D images and from them estimates the 

distance to a point. 
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2.8.2 Laser Scanning 

Another non contact method is laser scanning. The method is based on three phases. The first 

phase includes the scanning where a point cloud data is gained. For the second phase the data 

needs to be processed to reduce the noise and the number of points. The third phase 

algorithms are used to create a solid 3D model of the point data. 

There are three ways of gathering point data in the first phase: active stereo of continuous 

waves, active stereo for a time-of-flight system, and structured light system. 

For active stereo of continuous laser waves travels from source to the object and the back to a 

receiver. The phase change is registered and the distance to the object can be calculated. 

Figure 6 shows the principle. 

 

Figure 6. Distance determined by measuring phase difference 

Active stereo for a time-of-flight system is when a laser pulse is emitted at the object and the 

time consumed during the flight is registered and since the time of the flight correlates with 

the distance, coordinates can be calculated, see Figure 7 for an illustration. 

 

Figure 7. Distance determined by measuring time difference 

The last method, structured-light system is done by calibrating the system with known angles 

β and α, as well as the distance B. The distance to the object can then be calculated via 

triangulation, as shortly described in photogrammetry in the previous section (Raja and 
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Fernandes, 2008). With laser scanner it can be thought of replacing one of the camera 

positions in Figure 5 with a laser and the other with a detector. 
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3 IMPLEMENTATION 

This section describes the steps to develop and visualise a recycling plant. It describes the 

work from the beginning where the waste fractions were determined and how the plant with 

its components were modelled and animated. 

To organise the work different tasks were broken down into a work breakdown structure, 

WBS. With the WBS an overview of what needed to be done was identified. The WBS is 

shown in Figure 8, where the work was divided into four main categories: project 

management, concept generation, concept development, and documentation. 

 

Figure 8. Work Breakdown Structure. 

3.1 Waste evaluation 

Firstly, to understand what waste to sort, a material study was made to compare different 

materials. The environmental impacts of extracting new raw material compared to recycling 

used material was studied to get an understanding of how much it differed when it came to 

CO2 footprint. For this CES Edupack (Granta Design Limited, 2016) was used which is a 

software that provides material information. The results from CES Edupack for individual 

fractions are appended in Appendix A: Material Study. Below in Figure 9 is a picture over all 

materials studied in CES Edupack in the same graph.  
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Figure 9. Comparison of CO2 footprint between primary production and recycling. 

From the figure it can be seen that for most material the footprint for primary production is 

higher than the footprint from recycling. Non ferrous metals, NF, is the fraction that leaves 

the highest amount of CO2 footprint. It has about six times more CO2 footprint for primary 

production than for recycling while paper has just slightly more CO2 footprint for primary 

production. 

Ideally all different waste fractions should be sorted but it would also make the investment 

cost higher. Therefore the profit from each waste fraction was studied. Table 1 shows which 

waste fractions that are profitable to sort and sell, if there is a profit it is marked with a plus 

sign, if there is no profit the fraction is marked with a zero, and if it the fraction would 

unprofitable it is marked with a minus sign. Note that the PET fraction is set to no profit. That 

can be explained by the low volume of PET coming in the recycling plants in Sweden due to 

the possibilities to recycle PET bottles at food stores and so on.  

Table 1. Waste fractions values if recycled. 
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Looking at Table 1, it can be seen that the materials with the highest profit are ferrous and NF 

metals, plastics, paper, and wood. Looking into the different plastic types the soft plastic, PP, 

also gave a profit but since it was in such a low range compared to the other materials 

considering the amount of waste coming in, it was therefore excluded. The total seven 

fractions (now excluding soft PP) with a profit were: ferrous metals, NF metals, PE, HDPE, 

PP, paper, and wood. All of them gave a reduction in CO2 footprint when recycling as well. 

These seven was considered to be a good start due to the profit and environmental impacts if 

recycled.  

3.2 Sorting solutions 

To build the interior of the plant with the machines and surrounding components, a study of 

what machines that were available to sort the different fractions was done. Seven different 

fractions have been decided to be sorted: ferrous metals, NF metals, PE film, HDPE, PP, 

paper, and wood. The rest would go to fuel. During the study, similar plants like ROAF were 

studied to see what solutions they used. After the study it could be seen that most of them are 

using the same type of technology but from different providers. 

To recycle ferrous metals a common sorting technology is magnetic separation where the 

magnetic separator is placed above the conveyor belt. An illustration of the magnetic 

separator is shown in Figure 10. 

 

Figure 10. A magnetic separator. 

The metal is attracted to the magnet in the metallic separator and removed from the mixed 

waste stream into a separate stream. Another way to sort the ferrous metals is by using sensor 

based technology. One company that has developed machines for this is Tomra. With their 

machine Finder, metal can be recovered. By comparing the magnetic separator and Finder, it 

was established that the magnetic separator is an easy and much cheaper solution for sorting 

metals. 



29 

However, non ferrous metals can not be sorted with a magnetic separator. By using eddy 

current, conductive NF metals can be separated from the waste stream. Figure 11 illustrates 

the principle of how the metal is separated to the left and what such a machine can look like 

to the right.  

 

Figure 11. Principle illustration of the eddy current (left), eddy current machine (right). 

For the remaining five fractions, consisting of soft and hard plastics, paper and wood, sensor 

based technology was looked into as a sorting solution. With Tomra’s machine Autosort the 

five fractions could be sorted with near infrared, NIR, technology, this machine is shown in 

Figure 12.  

 

Figure 12. Model of Tomra’s machine, Autosort. 

Good collaboration with Oliver Lambertz lead to easy information gathering about the 

machine and consultation of the application was given. When the waste passes the NIR box, 

it can identify the material with infrared spectra. To get separated the NIR box register the 

size of the object and with a compressed air jet the wanted objects is separated. (Tomra, 

2016)  

A magnetic separator, the eddy current machine, and the autosort sensor based machine were 

chosen to be used as the main machine for the sorting of the factions. However, theses 

machines can not sort all the waste without pre sorting machines. These kinds of operations 
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can be to shred, open, and divide the waste into different waste streams to help the main 

machines to sort their fractions. After sorting the fractions they need to be stored in a 

convenient way to minimise the space requirement. 

When waste arrives at a recycling plant it often comes in plastic bags, therefore the waste 

needs to be separated from the bag to be sorted. For this purpose a bag opener can be used. 

With a rotating cylinder with knife blades the plastic bags opens up and the waste is released. 

A bag opener is illustrated in Figure 13. 

 

Figure 13. Bag opener. 

If the waste is too large and bulky to go into the machines in the first place, they need to be 

shredded into smaller pieces. This is done with a shredder, which is shown in Figure 14. 

When the waste is shredded it can enter the waste stream for sorting. 
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Figure 14. Shredder. 

As a presorting method, the waste is divided into size flows to easier be sorted by the 

machines. A method to do this is by using a trommel screen. In the screen there’s a rotating 

drum with holes. The drum is slightly tilted to make the waste pass in the drum. Small sized 

waste can fall through the holes into a separate waste stream where the larger continues 

through the drum to another waste stream. (Rogoff, 2014) A trommel screen is shown in 

Figure 15. 

 

Figure 15. Trommel screen. 

Another way to separate waste streams is to separate light material from heavier and large 

material with a ballistic separator. The ballistic separator is tilted and consists of several 

paddles that moves up and down making the larger items move in one direction and the 

lighter in the other. (Chandrappa and Bushan Das, 2012) See Figure 16 where a ballistic 

separator is shown. 
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Figure 16. Ballistic separator. 

 

 

After sorting the fraction there is a need of storage solutions until the fractions can get 

transported away. Fractions such as paper and plastics takes up a lot of storage area if not 

compressed. When the output box is full, the fraction gets transported to a baling machine 

that compresses it to cubes. Figure 17 shows an example of a baling machine.  

 

Figure 17. Baling machine. 

As well as minimising the storage area, the truck can transport more material away from the 

plant, which reduces transport cost and environmental impacts. 

3.3 Concept development 

To create the recycling plant a flowchart over the required sorting machines was needed to 

get an overview of which order it was going to be sorted in. The flowchart is shown in Figure 

18. 



33 

 

Figure 18. Flowchart for the concept. 

Some of the waste comes in bags and by using a bag opener the waste can be released out of 

the bags and sorted. There are four magnets in the flowchart, one placed after the bag opener 

to remove the largest metal parts before the screen, and three after screening the waste. By 

screening, the waste gets sorted into different size fractions. If the material is larger than 300 

mm it returns to the input hall and gets shredded before going into the sorting area again. 

Paper is only recovered from the flow where the waste size is 130-300 mm, smaller pieces of 

paper could be recovered but will not guarantee as good quality since the paper fibers might 

be damaged. To find buyers of the recycled material it is important to keep a good and 

consistent quality of the output fractions.  

The concept was generated with regard to the result from the waste evaluation. The concept 

did not necessarily have to work properly, the purpose was to show an example of how the 

plant could look and to visualise it. The viewer had to understand the process and reason of 

this type of facility. Therefore the amount of machines was chosen so that all the solutions for 

the targeted material was showcased. After consultation with people who have been working 

with developing similar plants and studying the current market status, the decision to start 

modelling the plant were made and the CAD process could be initiated. 
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3.4 3D Modelling of the Interior 

To model the interior of the plant (machines, scaffolds and conveyor belts) an evaluation had 

to be made of which software that were the most suitable. In this case the softwares 3dsMax 

(Autodesk, 2016a), Solid Edge (Siemens PLM, 2016), and Inventor were considered. Oliver 

Lambertz provided some CAD models of the machines for the plant. Therefore it was 

important that the different machines that came in the step file format could be imported into 

the software. Solid Edge and Inventor was found to be similar in interface and modelling 

options but there were no user experience in Inventor, which gave Solid Edge the advantage. 

As well with 3ds Max, the lack of user experience would make the modelling time longer. 

3ds Max is a tool more suited for integrating different file formats for rendering and 

animating than for modelling the kind of parts in this project. In the end Solid Edge was 

chosen due to the previous knowledge, which would not require software training and 

therefore be a time saver, which was an important criteria since a lot of parts had to be 

modelled and assembled in the interior. The layout of the plant was an input hall where the 

mixed waste arrived, a main hall where the waste was sorted, and an output hall where the 

sorted waste were collected and transported away. 

As mentioned earlier some of the machines were already provided as step files, however 

some machines still needed to be modelled. The machines in need for modelling were the 

Autosort, magnetic separator, and the baling machine. When it came to the modelling of 

these machines some general measurements provided by data cheats were used, the detail of 

the design was simplified to only represent the essence of the machine. 

For the outputs that could be compressed such as paper and plastic it was decided to use one 

baling machine for all of the fractions. The baling machine is expensive and there was no 

need for one machine for each fraction considering the amount of each fraction. Instead the 

sorted fractions first went to output boxes for storage and when full, transported to the baling 

machine. This is shown in Figure 19. 

 

Figure 19. Output boxes for storage before baled in the baling machine. 

For the other fractions that couldn’t be pressed into bales, which was the metals and the 

wood, containers were used for storage. These were metals and wood. 
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Considering the flowchart, the order of the machines were set, however, the position of the 

machines in relation to each other (height and distance) had not been decided. The position of 

the machines were set so that there were room for incoming and outgoing conveyor belts. The 

positioned could not affect the viewer´s vision of other machines, which is an important 

aspect of the model in order to fulfil its puspose. To get an overview of how to position the 

machines before starting on the CAD model a simple paper model was created where paper 

boxes representing the different machines were placed on different height levels. The model 

is shown in Figure 20 where the paper boxes have different colours representing the machine 

colour assigned in the flow chart.  

 

 

Figure 20. Paper model of the plant with coloured paper boxes representing the machines.  

When having the paper model as a rough estimation of where and in which order to place the 

machines, the 3D modelling could begin in Solid Edge. Since the work with the recycling 

plant was on a first stage conceptual design no consideration of the distance between the 

machines were made except that it should be easy to get an overview of the plant to 

understand the flow of the waste. An image with the machines placed is shown in Figure 21. 



36 

 

Figure 21. The machines of the recycling plant. 

3.4.1 Modelling of scaffolds, stairs, and conveyors  

After placing the machines connections for the workers, such as stairs, scaffolds, and 

conveyors had to be modelled. Each subassembly was added to the total assembly of the 

machines. As delimitation the belt width was not chosen since that would require a more 

detailed study of the amount of the waste. Therefore the conveyor belts were modelled at the 

same width of 1400 mm to fit the machines. Figure 22 shows the plant with the machines and 

conveyor belts. 
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Figure 22. Recycling plant with machines and conveyor belts. 

With all the belts and machines assembled, stairs and scaffolds were modelled to make it easy 

for the workers to access the machines. In Figure 23, the scaffolds and stairs are shown 

without the machines and conveyor belts. 
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Figure 23. Scaffolds and stairs in the recycling plant. 

Figure 24 shows the recycling plant when all components have been added together. 

 

Figure 24. Machines, conveyor belts, scaffolds, and stairs. 

As mentioned in the delimitations, no building standards were going to be taken into 

consideration when designing the scaffolds, conveyors, and stairs. However they were 

modelled to have as realistic, convincing and impressive design as possible considering the 

environment and application, without looking to expensive. 

The floor and sections of the walls was also modelled to give it a feeling of being inside a 

building. Vehicles such as a truck, wheel loader, and a forklift were added as well as a human 
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to give a more living world. Figure 25 shows the plant with these components added. When 

these parts had been finished the interior parts were ready to be rendered and animated. 

 

Figure 25. The recycling plant. 

Figure 26 - 28 shows the pictures of each hall: input, main, and output. 

 

Figure 26. Input hall. 

Looking at the input hall there is room to store some of the mixed waste before going into the 

main hall. The input belt is on the level of the ground to easily shuffle down the waste on the 

belt. 
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Figure 27. Main hall. 

As stated earlier, the main hall contains the different sorting machines to recover the seven 

waste fractions. When the fractions have been sorted they are transported on the conveyor 

belts out to the output hall. 
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Figure 28. Output hall. 

In the output hall the storage for the seven different fractions has been modelled. Note that 

there should be storage for the rest that should go to fuel as well.  

As mentioned the vehicles and the human was added to give a more living world but they 

were also added to give the viewer a sense of how big the plant is. Looking at the human in 

Figure 29, the viewer can relate easier to the size of components. 
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 Figure 29. Real sized human for size perception. 

3.5 Interior Animation 

Since the plant was modelled in Solid Edge it could easily be exported to KeyShot 5 (Luxion, 

2016).  There the materials could be assigned to the individual parts to give it a realistic 

impression. The next step was to set the animation paths for the camera. For the first scene 

where the interior is supposed to be presented in an overview look the camera orbits around 

the plant. The camera path of the orbit animation is shown in Figure 30. 

 

Figure 30. Camera path for the first animation of the interior. 

To get a smooth motion in the animation without sharp image changes, the frames per second 

were set to 30, which means that for each second it moves the computer have to render 30 

images. The images were finally added together to create a movie. 
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The thought with the final animation was that it should have an approach as how the waste 

travelled, so for the second scene the focus was in the input hall for the waste. In the scene 

the truck was animated to leave the hall. A still image from the second scene is shown in 

Figure 31.  

 

Figure 31. Second interior scene - truck is leaving the input hall.  

The next part was to animate the main hall with all the sorting machines. The camera is flying 

around in the main hall to get a closer look at the interior. Simple animations of each machine 

were made to illustrate the function of how the waste gets sorted. Due to time limitations it 

was not possible to finish animating all of the machines and the most crucial machines were 

chosen. These were the Autosort that recovered four of the seven fractions as well as the eddy 

current machine. In Figure 32, an image from the Autosort animation is shown of when the 

machine separates plastic bottles from the mixed waste. 
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Figure 32. Frame from the illustration of the Autosort machine. 

In the animation mixed waste are sorted, the plastic bottles are carried by an air stream to the 

distal chamber while the mixed waste falls into the first chamber. The next figure (Figure 33) 

shows a number of sequences from the eddy current animation. 

 

Figure 33. Animation sequence for showing the Eddy Current. 

To be able to get an understanding of the other machines, still images was rendered showing 

the basic function of each machine. They were then cut into the final animation. Figures of 

these have been shown earlier in Chapter 3.2: Sorting Solutions. 
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3.6 3D Modelling of the Exterior 

The modelling of the exterior consisted of getting the topography of the environment at the 

location with its buildings and vegetation, and to integrate the plant building in the 

environment. The purpose with the environment was to create recognition of the site and a 

feel for the size of the plant among the stakeholders. This was an important attribute that was 

requested by the customer. 

3.6.1 Photogrammetry of the location 

There was a desire to be able to place the building on the location and to do so, modelling of 

the exterior needed to be done. Trials were made by modelling this in different CAD 

programs to get the right topography of the location. However, it was difficult to reconstruct 

the same surrounding with the topography, buildings, and vegetation with the correct 

appearance and dimensions. Instead of modelling it from scratch, photogrammetry or laser 

scanning were two alternatives. Photogrammetry had a several advantages in this case. It was 

cheaper, faster, and the better accuracy achieved with laser scanning was not needed for this. 

With photogrammetry the location could be reconstructed from 2D images of the area. Johan 

Larsson, working as an engineering surveyor at Sweco, provided with help and equipment to 

photograph the area. Figure 34 shows a picture of the drone that was used to photograph the 

area.  

 

Figure 34. Drone for the photogrammetry. 

To set up the photographing, reference points had to be placed in the area. By placing white 

squares on the ground, calibrate and register the position, they would be reference points 

found in the individual images creating when adding them to create a 3D world. The area 

wanted was then registered so that the route of the drone could be calculated. By attaching 

the camera to the drone, it could start the route and take the pictures. The drone would take 
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photographs with 80 % overlap in the forward direction, and 20 % overlap in the lateral 

direction to get the positions needed to create the point cloud. 

These overlapping images were then added together to create a 3D model of the area. The 

result from the photogrammetry was a point cloud that could be processed and used for the 

visualisation. Figure 35 shows the point cloud where individual points can be seen at the road 

in the left hand corner. 

 

Figure 35. Point cloud from the photogrammetry. 

3.6.2 Post-Processing of the point cloud 

The point cloud gained from the photogrammetry came in a LAS format that contained data 

for the x, y, and z coordinates and colour in RGB format for the points. Certain softwares can 

interpret these values and visualise what seems to be a 3D model, but are in fact just small 

points with a colour assign to them and if they are many, 21 million points in this case, the 

shapes comes through. To be able to process that many points and modify the point cloud, it 

had to be converted into a mesh. CloudCompare (2016) was used for this purpose where the 

point cloud could be saved as a mesh. 

With CloudCompare, it is possible to process large point clouds (>10 million points). When 

working with point clouds, the more points the better quality it is. However, it is a trade-off 

between storage and speed. Large point clouds takes up a lot of storage and processing, 

which can slow down the computer. Therefore there was a need to use cloud compare for 

reduction of this to be able to navigate and modify in the file. The amount of points was 

reduced to an extent where the model was easy to manoeuvre but still keeping the important 

geometry. In the procedure the point distances could be adjusted and removal of redundant 

points. For this the point distances were increased to achieve the wished model. After 

processing this, the model contained 10 million points and is shown in Figure 36. 
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Figure 36. Point cloud 21 million points to the left and 10 million point to the right 

Normals had to be computed to generate the triangular mesh and enable the capability to 

compute shadows as well as analyse the potential before finally generating the mesh. The 

method used is called 2D triangulation, which is recommended if the mesh has irregular 

topography with a lot of curves.  

To generate the mesh a common method for meshing point clouds were used, poisson surface 

reconstruction. The feature was executed and the result was a mesh of 1 800 000 vertices and 

3 600 000 faces. This method is most suitable for closed 3D models, but can be used on open 

shapes as point clouds of terrain by outputting the mesh as a scalar field. Which means that 

the face between points far away from each other was possible to be removed. This resulted 

in decreased number of total faces and leaving the shape unclosed. Figure 37 visualise the 

mesh as a closed shape and as an unclosed shape where all the low density surfaces, blue 

surface to yellow surface, was removed. 

  

Figure 37. Triangular mesh closed to the left and unclosed to the right. Red indicates high point density areas 

and blue low point density areas 

The output from CloudCompare was a mesh with polygon file format, ply. The format can 

store three dimensional data, most used for data from 3D scanner, which preserves colour and 

normals for the faces and texture coordinates, which was needed when transferring the file to 

another program.  

The generated mesh was imported to Meshlab (Visual Computing Lab - ISTI - CNR , 2014) 

for processing.  Meshlab is a program mainly for generating and inspecting meshes. It has 
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features like cleaning, filtering, converting, and editing large unstructured triangular meshes. 

The mesh generated in CloudCompare was imported for inspection. First holes were closed 

by using the very straightforward feature “close holes”. A threshold level for what when to 

close the holes was set by starting with a low threshold level and then increasing it until holes 

didn’t close. 

A filter in Meshlab for simplification was used which reduced the triangles of the mesh. This 

was a crucial step to later be able to merge the model with the plant building and the truck. 

Quadric edge collapse was chosen as the simplification filter. It reduces the number of faces 

by collapsing unnecessary edges. Figure 38 shows an example of how the principal. The blue 

line contracts and simplifies the mesh.  

 

Figure 38. Quadric edge collapse. 

With this 23 000 null faces, 10 900 duplicated vertices, and 500 unreferenced vertices were 

removed, resulting in a new mesh with 2 500 000 faces. The number of faces was satisfying 

with regard performance and file size when imported into the animation program 3ds Max. 

The mesh can be seen in Figure 39 as a polygon file format. The mesh could then be 

imported to 3ds Max. 
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Figure 39. The meshed model of the location. 

3.6.3 Modelling of the building exterior 

When choosing software to use for the architectural modelling some requirements was 

defined: 

● User friendly interface, requiring as little time to learn the software if no previous 

experience. 

● Easy to export the files to other softwares. 

● Low cost. 

The softwares considered for this was AutoCAD, AutoCAD Architectural, Revit (Autodesk, 

2016b), and Solid Edge. Looking at softwares, the three first softwares were developed for 

architectural design while Solid Edge is a better tool for product development. Both 

AutoCAD and AutoCAD Architecture has more architectural features than Revit, but since 

there was not going to be a lot of different architectural features, Revit’s was good enough. 

Revit was considered to have the simplest interface to understand and provide with the tools 

needed for the work.  

Looking at the model from the photogrammetry there was an area relatively flat and big 

enough surface to place the plant on. The area also had roads connected to it making it easy 

for vehicles to access the area. Walls and roofs were built according to fit the interior. 

Industrial doors were put in the input and output hall, dimensioned to fit a general truck and 

to match the roads connected to the platform. All the walls, the floor and the roof was built 

with generic properties since the project was delimited to not taking architectural standards or 

building codes into account. The general approach in the modelling was to create a simple 

and functional look that fits the surroundings. Material for rendering purposes was set in 3ds 

Max. Figure 40 is the Revit model. 
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Figure 40. Revit model of the plant 

As stated, recognition of the surroundings was an important property of the model as a whole. 

Especially when it comes to the weigh-station, where the goods are weighted at arrival and 

departure from the site. Due to the boundary lines of the photogrammetry being too close to 

the weigh-station the station resulted in poor representation of the building as the left picture 

in Figure 41 show, to the right in the Figure is the modelled Revit building of the weigh-

station.  

  

Figure 41. Before and after adding the Revit building to the site. 

3.6.4 Merging the exterior models 

Four main components needed to be merged to represent the exterior scene: the building of 

the plant, the weight-station, the mesh from the photogrammetry, and the truck. 3ds Max 

could open all three file formats to merge the models together. To create a platform for the 

plant the mesh had to be modified due to large waste heaps standing on the area of where to 

place the building. With the software MeshMixer (Autodesk, 2015) the waste heaps could be 

dragged down and flattened with the sculpting tools. 

Figure 42 and Figure 43 demonstrates the before and after the modification of the heaps was 

done. 
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Figure 42. Before the modification of the heaps. 

 

Figure 43. After the mesh was made and modification of the heaps. 

The models were merged and dragged to the wanted positions. Comparing length with other 

objects in the environment the house could be set to the correct scale. Figure 44 shows the 

recycling plant when it has been added to the environment. 
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Figure 44. The recycling plant in its environment. 

3.7 Exterior Animation 

The purpose of this animation was to create a sense of how the building will look in its 

environment, the size of the building and where the waste comes in and out. In the first scene 

the camera follows a camera path to give a feeling of driving into the area, passing the weigh-

station, and then on to the entrance. The method used for the animation in 3ds Max is similar 

to the method used in KeyShot for the animation of the interior. Figure 45 shows a frame 

from the animation. The road leads to the plant to the mid right side. 

 

Figure 45. Frame from animation scene 1 
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The second scene starts with an overview of the plant from above where different parts of the 

environment are presented. The scene is then changing to show a truck arrive at the area and 

follows a set path. The path can be seen in Figure 46. 

 

Figure 46. Part of the camera path for scene 2 

In the last scene the trucks exits the output hall and drives towards the weigh-station. Figure 

47 shows a rendered image from the scene. 

 

Figure 47. Scene where the truck exits the output hall. 

 

3.8 Work Opportunities 

A part of the study was to identify areas in the plant where manpower could be added. This 

was due to a desire to create more work opportunities. The study was delimited to the sorting 

and controlling of the plant.  
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Additional parts regarding the maintenance of the plant, and controlling and monitoring of 

the sorting process that were not modelled. There will be work opportunities in these 

areas.  In the concept developed, the plant is an automated recycling plant with no manual 

sorting. However, manual sorting and quality controls would enable more work opportunities 

and should be considered when building this type of plant. An example of where to add 

manual sorting is after the bag opener has released the waste from the bags, where the 

workers could separate bulky material. An example of where to add manual quality controls 

is before the separated fractions arrive to the output hall. The workers could then separate 

wrongly sorted and contaminated material to increase the purity of the sorted fraction. 
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4 RESULTS 

The results from the work with developing and visualising a recycling plant are presented in 

this chapter.  

4.1 Results of the 3D modelling 

Here are the results from the 3D modelling of the recycling plant presented. Figure 48 shows 

a top view of the plant where some general dimensions of the width and length are added. 

 

Figure 48. Top view of the plant with some general measurements of the width and height. 

As seen in the illustration the plant covers an area of 6 900 m
2
 containing the input hall, main 

hall, and an output hall which is less than the maximum area of 10 000 m
2
. The plant builds 

up to a roof height of 20 m at the highest. The plant was constructed with free space to 

showcase that it should be built for future possibilities to expand the plant with more 

machines. Each machine’s feature is described in Table 2 according to the placement of the 

machines in Figure 49. 
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Figure 49. Recycling plant with numbered machines. 

Table 2. List of each machine’s features. 

Machine Input Function Output 
 

Bag 

Opener 
BO Mixed waste in 

plastic bags 
Opens the 

bags 
Output: Bag content spread out on conveyor 

belt 

Magnet 1 M1 Content from bag 

opener 
Ferrous 

metal sorting 
Output 1: Metals 
Output 2: Mixed waste 

Screen 1 S1 Mixed waste Size sorting Output1: < 300 mm back to shredder in the 

input hall  
Output2: > 300 mm mixed waste 

Screen 2 S2 < 300 mm Mixed 

waste 
Size sorting Output1: 0-60 mm. Mixed fine waste 

Output 2: 60-130 mm. Mixed medium waste 
Output 3: 130-300 mm. Mixed large waste 

Magnet 2 M2 0-60 mm. Mixed 

fine waste 
Ferrous 

metal sorting 
Output 1: Metals 
Output 2: Mixed fine waste to fuel 

Magnet 3 M3 60-130 mm 

Mixed medium 

waste 

Ferrous 

metal sorting 
Output 1: Metals 
Output 2: Mixed waste 60-130 mm 

Magnet 4 M4 130-300 mm 

Mixed large waste 
Ferrous 

metal sorting 
Output 1: Metals 
Output 2: Mixed waste 130-300 mm 

Eddy 

Current 1 

E1 Mixed waste 60-

130 mm 
NF sorting Output 1: NF metals 

Output 2: Mixed waste 60-130 mm 
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Eddy 

Current 2 
E2 Mixed waste 130-

300 mm  
NF sorting Output 1: NF metals 

Output 2: Mixed waste 130-300 mm 

Autosort 1 A1 Mixed waste 60-

130 mm 
Plastics 

sorting 
Output 1: Mixed Plastics 
Output 2: Mixed waste 60-130 mm 

Autosort 2 A2 Mixed waste 130-

300 mm 
Plastics 

sorting 
Output 1: Mixed Plastics 
Output 2: Mixed waste 130-300 mm 

Autosort 3 A3 Mixed waste 130-

300 mm 
Paper sorting Output 1: Mixed Paper 

Output 2: Mixed waste 130-300 mm 

Ballistic 1 B1 Mixed waste 60-

130 mm 
2D and 3D 

sorting 
Output 1: 2D Mixed Waste 60-130 mm to fuel 
Output 2: Mixed Waste 60-130 mm 

Ballistic 2 B2 Mixed waste 130-

300 mm 
2D and 3D 

sorting 
Output 1: 2D Mixed Waste 130-300 mm to 

fuel 
Output 2: Mixed Waste 130-300 mm 

Ballistic 3 B3 Mixed waste 60-

130 mm 
2D and 3D 

sorting 
Output 1: Hard Plastics 
Output 2: Soft Plastics 

Ballistic 4 B4 Mixed waste 130-

300 mm 
2D and 3D 

sorting 
Output 1: Hard Plastics 
Output 2: Soft Plastics 

Autosort 4 A4 Mixed Waste 60-

130 mm 
Wood 

sorting 
Output 1: Wood 
Output 2: Mixed waste 60-130 to fuel 

Autosort 5 A5 Mixed Waste 

130-300 mm 
Wood 

sorting 
Output 1: Wood 
Output 2: Mixed waste 60-130 to fuel 

Autosort 6 A6 Hard Plastics 
60-300 mm 

HDPE 

sorting 
Output 1: HDPE 
Output 2: Mixed plastics 

Autosort 7 A7 Hard Plastics 60-

300 mm 
PP sorting Output 1: PP 

Output 2: Mixed plastics to fuel 

Autosort 8 A8 Soft Plastics 60-

130 mm 
PE sorting Output 1: PE 

Output 2: Mixed plastics to fuel 

Autosort 9 A9 Soft Plastics 130-

300 mm 
PE sorting Output 1: PE 

Output 2: Mixed plastics to fuel 

Baling 

Machine  

BA PE, PP, HDPE, 

Paper 
Press 

material 
Output: Cubes of PE, PP, HDPE, Paper 

With this sorting system seven fractions are sorted: mixed paper, PE, PP, HDPE, wood, 

ferrous metals, and NF metals. 
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4.2 Results of the Animations 

The results from the animations were several movie sequences put together to one story 

where an exterior scene presented the plant on the location. The truck tied together the waste 

flow where in the exterior scene showing the truck arrive to the hall. In the interior scene the 

truck left the input hall and after showing the interior scenes the truck leaves the building as 

the end of the flow.  

The final animation, together with the individual sequences, and still images was saved on a 

USB stick and provided to the customer. 
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5 DISCUSSION AND CONCLUSION 

5.1 Discussion 

Here follows the discussion of machine choice and modelling as well as discussions about the 

methods and tools to perform the work. 

5.1.1 Interior modelling 

The machines for recovery of the seven fractions have been chosen and positioned to 

visualise how the machines work together and to demonstrate the purpose of each machine. 

Since the distance between machine only considers that the viewer should be able to 

distinguish the different machine types and their features, it is not a fully working model. 

However, the goal was only to provide a model at a conceptual level to help people, who 

never have seen such a plant before, understand the basic function and look of it. 

The machines that have been selected have only been based on its sorting function. Other 

characteristics such as cost, lifetime, accuracy and so on have not been evaluated. However 

Autosort has been an active choice due to collaboration with Oliver Lambertz at Tomra 

during the project. There has been awareness that the market has more varieties of machines 

to chose from that also can do the job. Because of this there should be a proper market 

research done during the next phase of the project when the budget and specifications are 

more detailed. 

The plant still has room for expanding by identify more waste fractions to be sorted. It has 

been limited to the seven most valuable fractions to get a realistic investment to start with but 

more material could be recycled. Mixed paper for instance, both office paper and cardboard 

are two paper fractions that are valuable to separate and therefore two more Autosort 

machines could be added after the mixed paper sorting. 

The focus has been on the machines and their functions, therefore the modelling of a control 

room has been neglected and left for further development. 

If adding the conveyors for the fuel, the output hall might need remodelling to give space for 

the storage of the rest waste. The output hall as it is in this concept, there is not much space to 

store the rest waste. 

To give an impression that the plant is profitable, it has been modelled with existing 

machines, which means that no additional costs to develop new equipment is needed. The 

designer of the scaffolds have the future opportunity to choose standard components, thus 

reducing investment costs. The general appearance of the whole plant is old fashion, this 

means lower costs for custom made parts. 

5.1.2 Exterior modelling 

Photogrammetry provides a large point cloud which requires high computer performance. 

Because of this it was necessary to reduce the amount of points to adapt the cloud for the 

computers available. Computers with better performance could preserve more points and the 

details could have been better. Since the purpose was to make a simple visualisation to get 
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the viewer to recognise the environment, it was considered to be good enough. The plant was 

built with existing roads, buildings, vegetation and other objects under consideration to 

minimize investment costs. This resulted in less required modification of the topography. 

More modifications of the topography could be appropriate to create parking space, road 

marks, lighting and other features that contribute to a more safe and planned environment. 

The model in its current state has a positive property of giving the impression that not a lot 

site work is needed to build the plant. 

5.1.3 Methods and delimitations 

Since the work took place as a part of the beginning of the pre study to implement a single 

stream recycling plant in Sweden. This has not been done before and because of that the 

deliverables and what to work towards was not fully decided at the first phase of the project. 

The goals have come to change during the project’s time, which has been challenging. An 

extensive pre study was done to make the work less sensitive of changed goals. Having 

deliverables change from the customer can be common phenomenon in these kinds of 

projects and an awareness of that from the start is important. With good communication 

between all parts new specifications can be recognised in time, and by making a model that is 

modifiable, the changes will not be as time consuming to implement. 

5.1.4 Choice of softwares 

To develop and visualise the plant, different softwares were needed. During the pre study a 

lot time was spent on finding appropriate softwares and to get acquainted to them. The 

softwares had to be compatible with each other to enable merging of different file formats. 

Softwares for converting file formats are essential in this kind of work. 

5.2 Conclusion 

In this sections conclusions from the work with the recycling plant is listed.  

5.2.1 Waste Evaluation 

The waste was evaluated with regard to the profit gained from selling the sorted fractions and 

the most profitable fractions were identified. To further strengthen the cause of the plant, the 

CO2 equivalent was compared between recycling the fractions and producing new raw 

material. A single stream recycling plant could increase the amount of recycled material 

without having residents and companies sort their waste. 

5.2.2 Interior modelling and visualisation 

The sorting machines, conveyors, and scaffolds were modelled and coloured in a way to give 

an appealing look for the customer to invest. To convince the customer that it is a reasonable 

investment cost, the plant was modelled with a simple design with no extraordinary design. 

Animations were made from the CAD models of the interior to provide an overall look of the 

plant and also a more detailed demonstration of the functions of the machines. The space 
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around the machines was a conscious choice to make it easier for the viewer to clearly be 

able to separate different processes in the plant.  

5.2.3 Exterior modelling and visualisation 

The plant covered an area of 6 900 m2, which fulfilled the the limit of 10 000 m2. Trials of 

modelling the location from scratch turned out to be an inefficient way and photogrammetry 

was chosen instead. The exterior modelling was animated to give the viewer a recognition of 

the location.  

5.2.4 Work Opportunities 

From the work opportunities study it can be found that the plant has potential to enable work 

opportunities by adding manual sorting and quality control stations. Manual quality checks is 

a way of increasing the purity of the separated fraction. Further investigations of where to add 

them need to be taken into account when continuing developing the plant. 
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6 RECOMMENDATIONS AND FUTURE WORK 

In this chapter some recommendations and future work are listed. 

 

● Bottleneck analysis should be performed to calculate what conveyors needed and the 

right amount of machines.  

● Identify where manual quality checks can be implemented to enable work 

opportunities. 

● Identify constructing companies for the scaffolds and conveyor belts. 

● Develop a more detailed concept with correct distances and output band for rest 

material to fuel. 

● Cost calculations. 
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APPENDIX A: Material Study in CES EduPack 

The material study has been performed in CES Edupack, comparing the CO2 footprint from 

primary production and from recycling. 

 

Figure 1. CO2 footprint for plastics. 

 

Figure 2. CO2 footprint for paper and cardboard. 
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Figure 3. CO2 footprint for ferrous metals. 

 

Figure 4. CO2 footprint for non ferrous metals. 
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Figure 5. CO2 footprint for glass. 

 

 


