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Abstract 
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This master thesis's target is to answer the question of circularity for polymethylmethacrylate 

(PMMA) in the automotive industry. It discovers what prevents the extensive spread usage of 

recyclates in the automotive industry and what should change to allow for a higher market 

share. The whole thesis was written in cooperation with Röhm, the inventor and producer of 

PLEXIGLAS ® from Germany.  

For this thesis, several interviews have been conducted, and an online survey was done. The 

interviews were conducted with employees from Röhm, as well as with suppliers and 

manufacturers out of the car industry in Europe. Furthermore, an online survey on LinkedIn 

was done, which was trying to get more insight into the recycling topic.  

It can be concluded that recycling for PMMA is technically viable and it can be adapted to the 

circular economy. Recent developments in sorting technology allow for good purity results of 

post-consumer material. Despite this, the recycling of PMMA is almost entirely focused on 

post-industrial waste. The reasons for this are higher prices than virgin materials and difficulties 

in meeting the car industry requirements. 

Recycling of PMMA could become attractive if virgin material prices were rising; this could 

be due to raw material scarcity and political changes (CO2 tax, plastic tax, recycling rate). But 

if not, there is only the ideological motive for recyclates usage in the car industry, which is 

despite rising pressures from the society, unlikely. 
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Foreword 
 

 

The coronavirus and its implication have played an enormous roll in writing this master thesis. 

Plans had to be changed, and experiments/visits were suddenly not possible. For example, it 

was planned to conduct a questionnaire at the PIAE conference 2020 in Mannheim. At this 

conference, all significant players from the plastic and car industry are meeting. Sadly, this 

opportunity was denied for this master thesis. Also, a promising visit to a car shredder company 

had to be cancelled due to travel restrictions. 

But as Barack Obama said:  

Change will not come if we wait for some other person or some other time. We are the ones 

we’ve been waiting for. We are the change that we seek.  

—Barack Obama  

  

Picture 1 Plastic News 
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1. Introduction  

1.1. Background  
Plastics can be found everywhere in the daily live, it is used for clothing, for storing, for 

packing, for transportation and for many more purposes. For almost all daily activities some 

sort of plastic is used. It enables the production of goods that are lighter, cheaper and faster to 

produce compared to other materials.  

The application of plastic has also beneficial effects for the environment. For example, 

multilayer packing is keeping food products fresh for a longer time period (ROYTE, 2019), 

cars are getting lighter thanks to the use of plastic and therefore saving fuel (Alfons Buekens, 

2014). But plastic is also responsible for the frightening images from beaches which are covered 

in plastics and for animals which are dying because they have mistaken plastic waste for food. 

With rising plastic production, it is becoming more and more crucial to prevent plastics from 

ending in nature, landfills or being incinerated for energy production. Because all this means, 

that an ending resource is partly eliminated. In order to change that, we need to establish the 

concepts of reuse, repair and recycle. The ultimate goal is getting as close as possible to a fully 

circular economy of plastic. First steps can be seen with the recycling of PET bottles and HDPE 

packing. Here the material is collected in many countries based on deposit driven system. 

Customer pay upfront a small amount once they buy a product in a PET bottle and they will get 

the amount back, once they return the bottle. This results in higher return rates, furthermore it 

helps to sort the waste stream more efficiently and reduces contaminations. Another benefit is 

the limited number of places, where PET bottles are collected. This increases the volume which 

is collected in one trip and therefore reduces the costs (Weichenrieder, 2004). However, such a 

collection system is very rare for plastic. 

The big majority of plastics is still ending up in incineration plants, landfills or in nature 

(OWID, 2018). In the recent years everybody has seen those pictures of whales with plastic 

filled stomachs, giant swimming carpets of plastic and of all the plastic trash at the beaches. All 

those pictures have gnawed at the image of the material of the future. Once it was seen as the 

material which will solve a lot of problems for mankind, but today this image is different. Now 

plastic is considered to be the root of many issues, because we can produce it so cheaply it, we 

don’t consider what we are producing and how do dispose it properly. This can be especially 

seen in the oceans and on our beaches, where plastic is a common sight. Currently, it is 

estimated that by 2050 the amount of fish and plastic waste in our oceans is going to be equal 
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(United Nations, 2017) However, not every type of plastic is terrible. In the oceans, not many 

technical plastics will be found. This is due to their low market share and the longevity of the 

products. Nevertheless, this does not mean they should be taken out of the equation.  

In general, plastic is a widely used term, which means there is often no differentiation between 

different types of plastic, for many people, plastic is terrible in general. This can also be seen 

when people have to describe plastics. Mostly they will answer that plastic is made out of fossil 

fuels, but besides that, not much is known about the production of plastic and its many different 

types. There are many different types of plastic, as different types of bread can be found around 

the world. This is since each plastic's characteristics can be changed with additives to achieve 

different attributes. Thanks to this ability, some types of plastic can be incredibly strong, while 

others are soft and flexible. Some can prevent oxygen from penetrating them, and others can 

resist all types of chemicals. Also, they can come in nearly all types of colour and shape. Some 

can be casted into large sheets, and others can be woven into superlight and super strong fabrics. 

With such a variety in properties, it becomes apparent why it is so hard to classify plastics.  

Plastic is, in general, a synthetic/semisynthetic material that can be made from cellulose, coal, 

natural gas, salt, and mostly crude oil (PlasticEurope, 2020). The US dictionary Merriam-

Webster defines plastic as the following:" any of numerous organic synthetic or processed 

materials that are mostly thermoplastic or thermosetting polymers of high molecular weight and 

that can be made into objects, films, or filaments" (Unknown, Merriam-Webster, 2020) The 

first mass-produced plastic was Bakelite, which was discovered by the American-Belgian 

scientist Leo Bakeland in the year 1907 (Plastics Europe , 2020). From there on, different types 

of plastic have been invented. So, what are we using all these plastics and its different types 

for?  

This can be seen in figure 1 on the next page, it shows what the world is making out of all that 

plastic. The most significant amount is, for example, used to produce packaging. Packing is 

often necessary to protect products, help with the transportation of goods, and improve the 

optics of the product. With 81 tons less than packaging, construction is the second biggest user 

of plastics. In construction, plastics are used for transporting water, as insolation's of our houses 

and as a surface for different furniture's. After that comes almost directly the textile and 

commodities industries, this industry is relying heavily on plastics since it allows them to 

produce shoes with integrated springs, allows jackets to be waterproof and durable. With gaps, 
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the transportation and electronic industry are following. The smallest amount stays in the 

industry itself.  

As seen in graphic 1 plastic is mostly used for packing, however it is also the use case with the 

lowest lifetime of the material / product as seen in graphic 2. This means gigantic amounts of  

 

waste is generated each year through single use packing material.  

Figure 1 What are we doing with all the plastic? Plastikatlas 2019, BUND, translated from German 

What are we doing with all the plastic? 
Usage in sector, total amount 407 million tonnes, one symbol = one million ton, 2015 

Industry Electronic

s 

Transport 

Commodities 

Textiles 

Construction 

Packaging  Others 

Figure 2 How old plastic gets, Plastikatlas, 2019, translated from German 
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On the other end, the construction sector can be found, which has the most extended lifespan 

for plastic. Here the lifespan can be up to 35 years or more. In between commodities, textiles, 

electronics, transport, and industry can be found. All those use cases have a lifespan from 

multiple years up to two decades.  

With those different lifespans, it becomes apparent that changes in packaging material and 

design quickly become the standard. A change in the design of products used in cars is often 

showing first signs after 15-20 years and is fully established after 30 years. Such a long-time 

span also means changes require much time, so, for example, it is not necessarily clear how we 

will recycle all the cars with their extensive infotainment systems that are coming to the market 

nowadays.   

The material which is more thoroughly examined in this thesis is polymethylmethacrylate. It 

was discovered by Otto Röhm in 1933 in Darmstadt, Germany. The material was brought to the 

market as a casted sheet. In 1935 the material was launched 

as a Moulding Compound under the name PLEXIGLAS®. 

The graphic above shows the raw material and the steps 

involved in producing PMMA. The first use cases of this 

material in the automotive industry have been the glass 

cover of the car rear lights of a DKW. As well as the 

transparent cover of the Braun Phonosuper SK4 (1956), 

Figure 3 PMMA production, pmma-online.de 

Picture 2 Braun Phonosuper SK4, 1956 
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which can be seen in the picture on the right side. Furthermore, it shows the differences between 

the different production methods, on the one hand, are the moulding compounds and, on the 

other hand, are the casted sheets. Because of the different production methods of casted sheets, 

a possible recycling solution would look different as well. Parts out of PMMA for the car 

industry are almost all made out of PMMA pellets. Compared to glass and other types of 

plastics, PMMA offers a better light transmission, more durable, and UV resistant. All those 

attributes make this material perfect for lighting applications. Other applications can be found 

where a glossy, transparent, and durable surface is needed, such as car pillar trims and 

architecture. One other prominent use case is the construction of greenhouses (Röhm, 2020).  

But due to its high price and its limited uses cases, PMMA is pretty rare compared to other 

plastics. As a result, nowadays, almost all post-consumer waste of PMMA gets incinerated. 

Because of this, PMMA is a typical cradle to grave product. While it may not be one of those 

types of plastics which are ending up at the beaches, it indeed is suffering under the current bad 

reputation of plastic (Toplensky, 2018).  Moreover, because of the increase in consumers 

demanding a more sustainable product, an increase in requests for more sustainable raw 

material is noticeable. Since the last two years, car manufacturers have asked the producers of 
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PMMA to offer a product with a lower carbon footprint. Here the pellets are heated and extruded 

in the desired shape. This process is called injection moulding and developments in the past 

decades have allowed for more complicated shapes as well as the combination of various 

materials and colours. Nowadays it is not uncommon that for a rear light to use two, three or 

even four different types of plastics during the injection moulding process. Such advancements 

allowed for lighter and more complicated designs. However, it also means that recycling 

processes are becoming incredibly complicated since various materials are fused together.  

 The graphic above is showing entirely how small the market of PMMA is, for example, PMMA 

is not used in the packing or agriculture industry. Mostly it can be found in automotive, 

electronic devices, construction and medicine. Combined with a long-life span, this means, 

waste streams of PMMA are rare and very small in volume. Since the automotive industry is 

using PMMA in such small quantities, recycling of PMMA is limited and further research is 

needed to change that.  

  

Figure 4 Usage of Plastic, PlasticEurope 
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1.2. Intended research context 
 

This master thesis is written in cooperation with Röhm a producer of PMMA, which is based 

in Darmstadt Germany and they produce in 15 different locations worldwide. As a producer of 

PMMA, the company is always looking for possibilities to create a unique selling proposition 

over the competition. Currently, one possibility would be improving the sustainability aspect 

of PMMA. Since PMMA is a type of plastic, it is also part of the overall sustainability 

discussion. In this current discussion, plastic is criticised for polluting the beaches, killing 

wildlife and overall contributing to climate change. While this is true, no differentiation 

between different types of plastic is happening.  For example, the life span of a plastic packing 

is between a few minutes and a few months. Products out of PMMA, on the other hand, are 

used for years and even decades. This means it is rare in our waste streams and applications are 

also way more expensive. In this master thesis, the usage of PMMA in the car industry is 

researched and the possibility for a closed-loop of PMMA. Recycled PMMA is nowadays often 

demanded by the customers, which are primarily influenced by their customers and the evolving 

legislative requirements 

In order to fulfil those demands, the company is looking for a more sustainable product. A more 

sustainable product could be done through four different methods. Röhm can use:  

-    bio-based raw materials  

-    renewable energy  

-    Recycling  

-    CO2 compensation 

From all those methods mentioned above, the company has decided to focus its efforts on 

recycling and renewable energy. The other two methods were ruled out because, on the one 

hand, they do not eliminate the CO2 emissions, and on the other hand, they are creating new 

problems. Bio-based raw materials are under heavy criticism since they propose an imminent 

threat to food production. CO2 compensation, on the other hand, is not well regulated and does 

not eliminate the original problem.  

For the recycling approach the three biggest usages of PMMA in the automotive industry are 

researched. Those are speedometer covers, pillar trims and rear lights. 
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 The speedometer covers are the simplest product out of those three. They are made out of pure 

and clear PMMA which is easy to recycle. Pillar trims are a combination of two different types 

of plastic, the base layer which is often made out of ABS and the top layer which is made out 

of PMMA. Both layers are fused together, which complicates the recycling process, but all the 

PMMA is black. The complete opposite is the rear light, here multiple types and colours of 

plastic are fused together. Along with different electronic components. Overall are rear lights 

the toughest to recycle but are easy to disassemble and offer the greatest quantity.  

With those three products, different levels of difficulty can be seen, when it comes to recycling.  

Since all three products are used in the automotive industry, the biggest challenge for a closed 

loop recycling concept is the level of requirements that are posted by the car industry.  

 

 

 

  

Table 1 Objects of this thesis, own table 
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1.3. Data Research  
 

 For this master thesis, primary data was originally considered a viable option. It was planned 

to conduct several expert interviews with different parties of the plastic industry. All those were 

conducted and brought great insight into the industry. On top of that, participation in different 

workshops/trade shows concerning the recycling of plastics happened. The first one was the 

workshop from PlasticsEurope: “European Plastic Industry Recyclability Definition” in 

Brussels and the second on was the:  Forum Plastic Recyclates 2020 in Darmstadt, Germany.   

At those conferences, PMMA was not the primary focus polymer. Instead, different types of 

plastics were presented, and their corresponding recycling systems were shown. Here it became 

clear that the whole industry is facing the same challenge. For nearly, every well recyclable 

plastic a post-industrial recycling system has been established. However, now every plastic 

manufacturer is struggling in taking the next step towards post-consumer recycling. So, an 

exchange on this topic was helpful.  

Furthermore, an online survey was conducted, because of the effects of Covid-19, which 

postponed all major events or in person visits. 
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1.4. Research Questions  
 

This thesis is about the possibility of closing the loop for polymethylmethacrylate, especially 

with the focus on the automotive industry. Currently, this is a linear business model, but in 

times of rising pressure from different stakeholders, change is needed. Currently, PMMA is a 

linear business model, this means, the product is produced from fossil fuels, used and after its 

use phase, it is ending at a landfill or incineration plant. Moreover, if we want to reach the goal 

of carbon neutrality, the transition towards a circular economy is needed.  

According to a recent study conducted by Deloitte, the circular economy has the potential to 

get us 60% closer to the target (Hestin, 2016). Because of this massive potential reduction in 

greenhouse gas emissions, every company needs to try to close the loop. From our customers 

we got similar requests, they wanted to know if we can offer them a recycled product. Other 

requests were asking for a product on bio-based materials. Another possible solution customers 

are asking for is offsetting the CO2 emissions occurring during the production. All those 

requests are asking for a more sustainable product. However, currently, it is unclear how the 

demand for more sustainability should be satisfied.  

This master thesis is going to take a more in-depth look into all the possibilities for PMMA 

when it comes to improving the sustainability aspect of the product. Nevertheless, the main 

focus will be on recycling solutions in order to transform the product into a close loop business. 

Here the thesis will differentiate between solutions, that rely on mechanical methods and on 

those which use thermal/ chemical procedures.  

Both options are applicable for PMMA, but they have different advantages/ disadvantages, 

which will be discussed intensively in this thesis. In order for a practical recycling concept to 

be working, the collection of the material must be organised. However, this has not been 

established for PMMA or any other technical plastic so far. Since the focus of this thesis is on 

the automotive industry, a closer look will be taken into the current recycling system of cars. 

Here it will be the main task on how to recover the PMMA from the car. Solutions here can be 

divided in before the shredder process and post shredder process. The reasons for that will be 

discussed as well, and possible solutions will be proposed. After the possibilities for recycling 

have been stated, viable applications for a recycling material will be researched. This is 

especially crucial since often recycling means, downgrading the material to an application 

which requires lower requirements.     
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The main research question of this thesis is RQ1: How could PMMA play a role in a circular 

economy with the focus on the automotive industry?  

However, there are several sub-questions which need to be answered for the complete picture. 

Those can be seen in the graphic below.  

Life-Cycle of PMMA in the car industry  

Production of PMMA What types of production wastes are occurring in the automotive 

industry? 

Production of rear 

lights / pillar trims 

What requirements are there for virgin / recycled material?  

How much waste is produced as a by-product? What types of 

waste are produced? 

Use phase of the car How is the life time of the car affecting the material?  

End of life phase What happens at the end of the life with car?  

What happens with the rear lights or the pillar trims when the 

car gets dismantled? 

Disposal phase What happens currently with PMMA?  

Can it be separated from current waste streams? 
Table 2 Life Cycle of PMMA, own table  

Besides the questions that are coming up during the life phase of the product, other questions 

regarding the recycling system are also relevant:  

• RQ2: Is the recycling of PMMA financially viable? And if yes, what are the conditions? 

• RQ3: How much CO2 is saved during the recycling process compared to the production 

of virgin material?  

• RQ4: Where could a recycling material be used?  

• RQ5: What could be done with the material, that doesn’t meet the demanded 

requirements?  
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1.5. Exclusions and limitation of this research 
 

In this thesis only three products made out of PMMA are researched, those parts are the pillar 

trim, cluster lenses and the rear lights. Besides those three parts, other parts in the car are made 

out of PMMA. But for the focus of this thesis, only those three have been researched. The 

reason for this is, the sheer amount of possible application for PMMA. By limiting the 

researched objects, it is possible to find out more details about the recycling process and its 

possibilities. 

On top of that, the car industry is only one of the markets for the usage of PMMA. Other markets 

for PMMA are the lighting, architecture and medical sector. But for the focus of the thesis, only 

the car industry has been chosen. As a result, only some of the proposed solutions can be 

transferred to the other industries. An example here is the collection of the material, industries 

like the building industry collect the material differently than post-consumer material from the 

car industry is. Especially project businesses can offer benefits when it comes to the collection 

of the material, the famous Olympic stadium in Munich is using a PLEXIGLAS® roof and a 

change here offers the possibility to collect large quantities of PMMA in a short time.  

This example of the Olympic stadium in Munich shows that with different applications of 

PMMA, comes different requirements for the recycling system. Another difference is the 

different life span of the material, PLEXIGLAS® in building applications can be used for 30 

or even more years. While material from the car industry or from decorative purposes is only 

used for a year to 20 years. The differences are not only happening during the collection but 

also on the material itself, in some applications it becomes contaminated with body fluids 

(medical) and with algae’s (greenhouses). Further differences are occurring due to different 

types of PMMA. Not only is there a difference between casted and extruded material, but also 

the difference in the attributes of the material. PMMA for car application is different than 

material for the medical or the lighting industry. As a result, the proposed solutions cannot be 

transferred 1:1 from the car industry. What does always work however is the chemical / thermal 

recycling process. Since this process is breaking down the material back into its monomer state.  
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1.6. Structure of the master thesis 
 

This master thesis starts in the beginning with an introduction of the topic and the general 

discussions around plastics and PMMA are described. After that the theory of recycling and 

circular economy are reviewed. In the third chapter the context of this thesis, rear light, pillar 

trim and cluster lenses are explained in greater detail, especially the challenges a companied by 

them. Furthermore, recycling in the car industry and at Röhm itself are shown. In chapter four 

the research framework is described. For the fifth chapter the methodology and data analysis 

are explained and in the sixth one, findings of this thesis are displayed. Lastly the discussion 

and the conclusion are wrapping up this thesis.  
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2. Literature Review 
 

In this section the literature review is conducted. It includes different subsections. First, the 

material PMMA (Polymethylmethacrylate) is studied, the challenge of recycling PMMA and 

the context of automotive industry. Second, the main dynamics of linear, recycling and circular 

economy processes are introduced. 

 

2.1. PMMA, recycling challenges and automotive industry 
 

PMMA or polymethylmethacrylate is a technical plastic which is consisting of multiple MMA 

blocks. This means those blocks are combined into one large chain. This long chain is giving 

PLEXIGLAS® its unique properties. But these chains can also be broken down into its original 

pieces. This process is described in the articles “Depolymerisation of waste poly (methyl 

methacrylate) scraps and purification of depolymerised products”  (Chirag B. Godiya, 2019) 

and “Design of recycling system for poly (methyl methacrylate) (PMMA). Part 1: recycling 

scenario analysis” (Sasaki, 2014). Besides those two articles, many more articles for the 

thermal/chemical recycling process of PMMA can be found. The idea behind all this is the fact 

that PMMA can be turned back into MMA and with MMA, all possibilities for production are 

open again. Because of this, chemical / thermal recycling is so attractive.  

During the recycling process, the PMMA is heated above the ceiling temperature of the 

material. The ceiling temperature is a turning point. Below this temperature, the material is still 

polymerising, and above this temperature, the material is depolymerising. For PMMA, the 

ceiling temperature is 195 degrees Celsius. When the material is heated further, it 

depolymerises back to MMA. This most depolymerisation happens at temperatures around 350-

450 degrees Celsius (K. Smolders a, 2004). For this process, three different methods are 

common: 1. Fluidised bed reactor 2. Molten salt bath reactor 3. Molten lead reactor. Each 

method has its advantages and disadvantages, and Röhms previous owner Evonik had a lead 

bath reactor running in Austria.  

In the article “Depolymerisation of waste poly (methyl methacrylate) scraps and purification of 

depolymerised products” from (Chirag B. Godiya, 2019) thermal recycling is described, which 
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can be used to depolymerise PMMA. With this process, almost pure MMA can be received. 

Since PMMA is made out of MMA, the recycled MMA can be used for the production of new 

PMMA. This closes the loop for PMMA.  

This article is clearly describing, that it is possible to recycle PMMA and that it makes sense 

from the environmental standpoint (CO2, GWP). For the depolymerisation the material was 

placed in a small crucible. This chamber is then flooded with Nitrogen and heated up to 450 

degrees. At this temperature and due to the lack of oxygen, the material is thermal decomposing. 

The most prominent weight loss was noticed at a temperature of 404 degrees Celsius. During 

the heating process, the released MMA is captured. Out of this MMA, new virgin PMMA can 

be created. However, in this experiment and in others, it was discovered that the recycled 

PMMA could have an unpleasant smell. This means it is not usable in some applications.  

Besides that, the recycling of PMMA is possible with this method. But similar to other recycling 

systems, it is crucial, that the input is consistent in quantity and quality. Because that is 

important to customers in order to not interrupt the process of production or the quality of the 

product. Furthermore, a recycling product can be offered at a similar price point as virgin 

material. However, it is unclear if the collection of the PMMA was priced into the recycling 

process in this article. Since the collection can make up to 50% of the costs, this is an important 

detail. 

A similar approach was also taken by Yasunori Kikuchi & Masahiko Hirao & Takashi Ookubo 

& Akinobu Sasaki, in their article “Design of recycling system for poly (methyl methacrylate) 

(PMMA). Part 1: (Sasaki, 2014) recycling scenario analysis they are describing a recycling 

system for light guide panels. This article is about a possible recycling system for PMMA. 

Despite the market share of 1-2%, the authors are researching the possibility of a recycling 

system. Because of that, they are taking a more in-depth look into the possibility of recycling 

light guide panels in LCDs. Those light guides are made out of pure PMMA, and the quantity 

of LCD waste stream is sufficient and continuous.  

One of the issues with PMMA is the different molecular weight. If it was casted from MMA, 

the PMMA has a high molecular weight. If it, on the other hand, was extruded, it has a low 

molecular weight. Low molecular weighted PMMA can be mechanically recycled, but high 

molecular PMMA cannot. Since the separation of those types is nearly impossible chemical 

recycling is often considered the best option. Because of this, they have defined five different 
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scenarios. The first one is the incineration of everything without energy recovery. Secondly, 

the post-industrial waste gets recycled, but the post-consumer material goes to thermal recovery 

or landfill. Thirdly is researching the case of chemical recycling for casted and extruded sheets. 

Material used for extrusion is crushed and mixed with PP, as a substitute. In the last two 

scenarios everything goes to chemical recycling but with different yields. From scenario one to 

five the environmental impacts and CO2 emissions decreased continuously. This means it 

totally makes sense to recycle PMMA. Furthermore, it was shown that chemical recycling 

makes more sense than mechanical recycling, where the PMMA is just used as a filler for PP. 

Overall is a reduction in CO2 Emissions by 50% possible. However, some sacrifices in quality 

have to be made with recycled material. Overall is this article a good proof of the recycling of 

PMMA. It shows, that it totally makes sense to recycle. But certain things like the collection 

and the sorting of the waste have to be streamlined in order to be financially viable. And this 

article is showing the current standpoint of technology. 

In order for PMMA to be recycled effectively, a good sorting system is needed, which is 

described in the following article: “Plastic separation of automotive waste by superfast near-

infrared sensors” from (Hartmund Lucht, 2000).  

This article from LLA Instruments is showing that the separation of different plastic types in a 

waste stream is not a problem anymore. With the usage of near-infrared sensors a mixed waste 

stream can be sorted into its different materials. This is crucial for a functioning recycling 

system, because even the smallest contamination in a material creates imperfections in the 

finished product.  

One big advancement that was presented in this paper is the ability to separate different plastic 

types, even if they are coloured black. Black was previously a big technical challenge because 

the black pigments made it difficult to detect which type of plastic it is. With the addition of 

long wave sensor, it becomes now possible to sort even black plastic. This further improves the 

possibility of recycling.  

Since it is possible to differentiate PP, PE, PMMA, PC and PA with those sensors, it becomes 

technically viable to sort shredder residue of car parts. But there are a few limitations, foams 

and seals can cause disruption in the sorting process, so they have to be removed beforehand. 

Additionally, this device is only capable of sorting material that is between 30*30mm and 

70*70mm. One other disadvantage is the small output of this machine, it only sorts roughly 1 
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ton of material per day. This means the output is relatively small. But one of the biggest 

disadvantages which is not described in this paper is the issue of contamination. Since different 

plastic types are often fused together and the shredder process isn’t breaking this up clearly. 

Because of this issue it can happen, that the sensor sorts a piece in the PMMA fraction. While 

it may contain mostly PMMA it still contains a little bit of PC. This contamination of PC makes 

it impossible to use this PMMA fraction.   

Besides the optical sorting system, there has been a physical / chemical approach as well, which 

is described in the article from Alessandro	Santini	a,	Fabrizio	Passarini	a,,	Ivano	Vassura	a,	David	

Serrano	b,c,	 Javier	Dufour	b,c	and	Luciano	Morselli.	 In	this	article	this	 is	done	the	following	way.	

With the current End of Life Directive for cars 85% recycling rate is required. Currently this is 

possible but with the increased plastic content in cars, it is becoming an issue. Because of this 

ASR (automotive shredder residue) is becoming relevant. When cars are disposed nowadays, 

they are mostly just shredded as whole, since dismantling of individual parts is not profitable.   

ASR is mainly landfilled or incinerated today, because it consists high level of toxic metals and 

chemicals. But with the increase in plastic content and current recycling rate the ASR needs to 

be recycled as well. Possible options for this are discussed in this article. Post shredder 

treatment is not only important for automotive waste, but also WEEE (waste from electronic 

and electric equipment).  

Another important thing that is mentioned in this article is the definition of recycling: “Directive 

2000/53/EC defines recycling as ‘‘the reprocessing in a production process of the waste 

materials for the original purpose or for other purposes but excluding energy recovery” 

The first step in the recycling process of the shredder residue is to sieve the material. By doing 

so the author gained two fractions, one was smaller than 20mm and was bigger. From there on 

both fractions were further processed using the flotation method. For this experiment the 

authors have chosen to match the density of the fluid with the density of the desired polymer. 

With the given density they are able to split the residue into two fractions. One is floating on 

top and the other one is sinking down to the bottom. With a different dense fluid, the materials 

can be separated further. The next step in the process is the pyrolysis of the material. Here the 

material gets heated with the absence of oxygen (it doesn’t burn). The heated material cracks 

down into different gases, oils and solid yields. With those received materials, it is possible to 

make new virgin materials passed on that. However, it is crucial for that, that the materials are 
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sorted beforehand. The additional floatation separation allowed for an increase of 10% in yield. 

Another important thing to note is the limited outcome of the pyrolysis process with fine 

material. Here floatation doesn’t help to sort the material further.  

In general pyrolysis ca help to reach the targets of the ELV directive. But in needs further 

improvements on the yield, lighter end products and less residue.  

While chemical recycling can help to win back some of the virgin material, losses are quite 

high. Another issue is the need for high temperatures. Those temperatures can be reached with 

renewable energy but often are achieved burning conventional fuels. As a result, the carbon 

footprint of this method is quite big / the savings compared to virgin material are slim. But also, 

the issue of hazardous materials is unsolved. Recycling material is sometimes contaminated 

with heavy metals and other toxic materials because of the pyrolysis process. And if the 

contaminations aren’t in the recycling material, they can often be found in the residue of the 

pyrolysis process. Another unsolved issue with this method is the financial viability.  

Overall it can be an approach to increase recycling, but if more parts are removed before the 

shredder process, it allows for a better recycling result. Because in that case the material would 

be less contaminated with other materials. 	 

And even internally the recycling of PMMA was discussed in 1992, in this year a report from 

R. Blass was published in the internal newsletter. Under the title” Recycling for PMMA, no 

problem” the following article was published. It was the first try to improve the sustainability 

aspect of PMMA. Because already at this time the company Röhm has noticed an increased 

pressure for more sustainability. This was due to scarcity of resources, growing waste problems 

and increase in environmental awareness. Furthermore, it was known that legislative changes 

could be at the horizon for the car industry, which would require them to recycle some of the 

materials. With this in mind Röhm started to take a deeper look into recycling possibilities of 

PMMA. This was the first time they have done this.  

The idea here was to recycle old car rear lights. In general, PMMA is an attractive plastic to 

recycle, it is possible to depolymerise it back to the monomer structure and to recycle it 

mechanically. Both approaches deliver a product without major sacrifices in attributes. The 

main challenge with PMMA lies in its usage. Firstly, PMMA is only used in small quantities at 

the car. Secondly, it is often fused, glued or welded together with other types of plastic, like 

ABS, PC or PP. This combination with other materials makes it difficult to retain pure PMMA.  
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Because of this issue Röhm was looking into the possibility of creating a mixture/blend of 

different plastics. This blend should be used for the back cover of the rear lights. Rear light 

back covers are normally made out of ABS. In an experiment rear lights from Porsche were 

shredded, dedusted, grinded and recompounded. This compound is a mixture of ABS and 

PMMA. The retained compound delivers almost the same or better physical and chemical 

attributes as ABS.  

This allows the replacement of ABS as the material for the back cover of the rear light. All this 

means a recycling concept for rear lights is technically possible. But with new sorting 

technologies it makes more sense to sort pure PMMA and pure ABS.  

What this article also shows is the fact, that the thought of recycled PMMA is not that new, in 

fact it is now at least 28 years old. But this project from Porsche and Röhm never left the labs, 

no factory was built or any recycling system like this is running. Reason for this aren’t discussed 

in this article.  

In the book “Automotive Recycling, Plastic and Sustainability” from David Schönmayr 

(Schönmayr, 2017) the author explores the usage of plastics in cars, why they are used in cars. 

Which benefits or disadvantages they have compared to other materials and what should be 

done in order to improve the environmental impact of plastic.  

He explains on page 51 why plastic recycling is so difficult. The main reasons he is proposing 

are:   

• Contamination in waste streams, which means different types of plastic are fused 

together 

• RoHS-Directive is requiring that the material from electronic waste is sorted especially 

detailed. However, all those steps increase the price 

• Low quality and quantity of plastic waste streams (for e.g. that are mostly consistent of 

one type of plastic  

• Low virgin prices / low oil prices are creating low demand for recycling material  

• Delivering a stable, consistent and satisfying quality of recycled plastics is a challenge  

• Costs for sorting and collection are high  

And on page 67 he is naming the three reasons, why recycled plastic is not often used in cars:  

• Firstly, recycled plastics are considered inferior to virgin material  

• Secondly, virgin material is known for its high quality and its consistency  
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• Thirdly, recycling companies often don’t meet the quality and quantity requirements of 

the OEMs.  

While there are some examples of products using recycled material, all those products are in 

general low tech (air filter housings, wheel arch covers). This also means that recycling costs 

have to be low.  

In general, this book shows a holistic picture of the recycling thematic, with its complex 

structure and its many problems. But on the other hand, Schönmayr also points out the giant 

potential of plastic recycling. The benefits are besides environmental savings, the reduction of 

costs and the creation of new jobs. However currently politics, low virgin material prices and 

lack of interest are preventing the recycling industry from gaining traction.  

The main goal of PMMA recycling and its contribution to the circular economy are the 

reduction of emission and in the greater picture, the reduction of costs.  

 

““The big idea” The sustainable economy and the triple bottom line” from Brien James, Golicz 

Katie. Mishra Jitendra and Mishra Bharat are taking a closer look, at whether integrating 

sustainability is hurting the profits or not.  

With limited resources and growing environmental issues companies have to do more for the 

environment. While Milton Friedman (Friedman, 1970) said, that the only responsibility of the 

company is to turn a profit, the authors are saying that the society is expecting more from 

companies. They say companies have a social and a moral responsibility. On top of that, 

companies can profit from being environmentally friendly. This is in contrast to the opinion of 

many policymakers which fear negative impacts after implementing environmental regulations. 

A study from Nicole Darnell (2008), confirms this partly, but companies which improve their 

environmental performance by improving internal processes can offset the costs of those 

regulations. In general, the first way for companies to improve is the reduction of internal waste 

and only the second one is the development of innovative green products.  

The authors also cite the research of Zadek (2004) in their paper, according to Zadek, there are 

five steps to more sustainability. The first one is being defensive, after a company got called 

out on the lack of environmental actions. In the second step companies will deal with the 

compliance. As a result, they will often view their actions as costs of doing the business. For 

the third step, companies will acknowledge the benefits in the long run. In the fourth step, the 
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company is seeing improved sustainability as a way to get ahead of the competition. The last 

and final step is the civil stage, where the company addresses the concerns of the society.  

In their conclusion the authors are saying, that companies are either have to choose to be more 

sustainable or they will get run over by the competition. Because of this, companies should get 

ahead of this trend and invest early to beat the competition.  

However, this article is not making any differentiation between industries, so what happens in 

industries which are not that oriented towards the end-consumer and are more concerned with 

the price (B2B). At this point, further research is needed.  
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2.2. Linear, recycling and circular economy  
 

In this subsection the three main 

type of economies or business 

models are introduced. First linear 

economy is explained, secondly, 

recycling economy and thirdly, 

circular economy. On the left side 

the three types of economy can be 

seen, the linear economy is the 

most common type of economy still 

today. The recycling economy is 

currently on the rise. But in order to 

achieve the goals of the Brundtland 

report: “Sustainable development 

is development that meets the needs 

of the present without 

compromising the ability of future 

generations to meet their own 

needs” (World Commision/ United Nations, 1987), a circular economy is the ultimate goal.  

Linear Economy / cradle to grave economy  

In a linear economy raw material are sourced, a product is produced, it is used and finally 

disposed. This means all the products are ending in the waste stream at some point. “For many 

years science and technology allowed for the increase of efficiency of the linear model and 

therefore the production of one unit of product or a service was possible with a lower 

consumption of raw materials and energy. Anyway, this increase in efficiency could only 

postpone the moment when this type of economic model became unsustainable (Bonciu, 2014).  

Recycling Economy 

Recycling can be split into two types. Here the deciding factor is the difference whether the 

material hasn’t left the production steps or if it was sent to the end consumer. If this has 

happened the material is considered as post-consumer material. When the material is still in the 

Figure 5  A circular economy for plastic, EU commission 
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production it is considered as post-industrial recycling. This process can be seen in the graphics 

below as well.  

 

 

Post-Industrial (P-I) is more established and easier to achieve with plastic, since less 

contaminations have occurred with the material and another benefit is the knowledge over the 

material. In post-industrial recycling application the recycling company almost always knows 

who has used the material, what has happened with material and what contaminations have 

happened during the production. All those information’s are helping to create a recycling 

product which can have almost virgin material properties. This helps producers to use this 

material again, since impacts on their production are low. When post-consumer (P-C) material 

is recycled, the challenges are much more significant. Here it is often unknown, who produced 

the material, what type of product it is and what contaminations have happened to the material. 

Because of this post-consumer recycling is much more difficult. The post-consumer recycling 

process also often starts way later. For example, the average use phase of a car is 18 years, so 

the rear light would enter the recycling stream 18 years after its production.   But it also holds 

the biggest potential, since the waste streams are way larger than for post-industrial material. 

Recycling companies for P-I recycling of PMMA can be found multiple Europe. But for P-C 

none are known.  

Recycling of plastics is done in four different ways according to (Dimitris S. Achilias, 2012).  

1. Primary recycling, here the material is used again in the company. This can happen 

directly at the machine or after a grinding process. This is mostly limited to machines 

which produce parts made out of only one type of plastic. Especially common for pieces 

from injection canals as well as rejected pieces.  

Figure 6 Post-industrial recycling, own graphic Figure 7 Post-consumer, own graphic 
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2. Secondary recycling, this step can happen post-industrial as well as post-consumer. But 

it is most common for post-industrial recycling. In this case the material is send to a 

recycling company and sorted. After sorting the material is getting crushed down and 

often recompounded. When this has happened, the material can be used in production 

again. However, after each recycling process the properties of the material have been 

reduced.  Since crushing and recompounding the molecular chains shortens.  

3. Tertiary recycling, also known as chemical / thermal recycling is the process where the 

material is depolymerised back to its monomer. This recycling process allows for more 

diversified usage of the material. Since colours and additives which alter the properties 

of the material are missing. 

4.  Quaternary recycling, also known as energy recovery is the process where the polymer 

is incinerated, and its energy content is harvested. This is currently the main form of 

recycling, specifically or post-consumer waste.  

Besides the previously mentioned technologies for recycling, a fewer other have risen as well. 

Those systems are focusing on breaking down the plastic completely. This allows for multiple 

options, since the molecular structure is broken down fully. With those methods, the material 

can become a PET, PP, PMMA, fuel, methanol, ethanol or gas. While those methods reduce 

the sorting requirements to a minimum, but the environmental benefits are also rather small. 

Still today no recycling plant like this is fully operational. (Srisuknimit, 2020) 

Closed loop recycling: Here the product is fully recycled and turned into the same new product. 

This can be seen for PET bottles, glass bottles and aluminium cans. The advantage here lies in 

the known waste stream and its properties. This allows for a more qualitative recycling process. 

In order to keep the product attributes, recycling material and virgin material are often mixed 

together (Kim Ragaert a, 2017) 

Open loop recycling: In this system the producer and the product are always different. This 

means, ones the product enters the waste stream, it is turned into a different new product (Anon., 

2018).  

Closed and open loop recycling also show differences in who owns the product. For example, 

allows a closed loop recycling system, a material to be a service, which is returned to its 

producer after the use phase. In an open loop system, the waste from one is the source of a new 

product for someone else (Anon., 2018) 
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 In a recycling economy some / or all waste enters a recycling stream. Here the product gets 

recycled. This can happen mechanical, chemical or thermal. It is always desirable to achieve, 

that the recycled product is equal or upcycled. This means that the use case of the product is 

similar in attributes to the previous product (Jiang Gong, 2014). Similar defined is recycling by 

the European Commission in the end of life directive for cars: “‘recycling’ means the 

reprocessing in a production process of the waste materials for the original purpose or for other 

purposes but excluding energy recovery. Energy recovery means the use of combustible waste 

as a means to generate energy through direct incineration with or without other waste but with 

recovery of the heat” (Commision, 2000). 

When the attributes/ properties are staying at a similar level, the material is in the economy for 

a longer time period. If the product is however downcycled the attributes and properties of the 

recycled product are lower, than the original product. Downcycling is only possible for a limited 

time. Furthermore, is downcycling always meaning, that the value of the material is reduced. 

The consequence here is furthermore, that the financial viability for the material recovery is 

reduced. This issue is present for plastics, but also for rare metals (Abel Ortegoa, 2018). Since 

in a recycling economy the material is getting downcycled at some point, it is ending in the 

waste streams at some point, but much more delayed, than in a linear economy.  

Circular Economy  

In a circular economy the material is reused, repaired, repurposed or recycling as long as 

possible. This means the resource is not leaving the circle.  Waste should be reduced to 

minimum. The circular economy is currently a big target of the European commission, which 

has proposed a circular economy action plan (Commision, 2019).  

In order to make the transition to a circular economy, it is often proposed that a transition from 

the concept of ownership to service industry is necessary. “What benefit is there in owning a 

drill when you just want to put holes in your wall to hang a picture? It is access to the service a 
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product provides that is important, rather than the product itself (Ellen MacArthur Foundation, 

2020). 

 

 

As seen in the graphic above, there are 9 (10) different steps from a linear economy to a circular 

economy. The step R0 is not always possible, which is why, this is not considered as a step.  

For the topic of this thesis not all steps can be practically applied. For example, step 9 (recover) 

is currently the state of technology and step 8 (recycle) is discussed in this thesis. Step 7 is 

possible for rear lights for example, however the market for repurposed rear lights is possible 

small. The remanufacturing (step 6) might be possible, but as the life span of the car is rather 

long, it means changes in design and technology are quite significant when it comes to rear 

lights. Refurbishing is also rather difficult since the shape of a rear light and pillar trims is 

always unique for a car. Step 4 is something which is currently lacking for rear lights and cluster 

lenses. Since those are often glued and welded together a repair is financially not attractive / 

not viable. Reuse is currently well established for car parts. Since accidents occur or normal 

wear requires the change of car parts. However, this is not attractive for all cars, since not every 

car is developing a collector value. Furthermore, old cars are also not as efficient as new ones, 

Figure 8 10 Steps from linear to circular economy, Kirchherr (2017), 224 
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which means after a certain period of time it is better if the car is not driven anymore. Since the 

car industry is always trying to reduce costs, material efficiency is one well established way to 

do so. All the discussed parts of this thesis are part of a car and this is shared via different car 

sharing operations, which means step 1 is already established. The last step is not viable in the 

car industry, at least for the rear light. Since they fulfil a safety function. Cluster lenses and 

pillar trims on the other hand are products which could be abandoned. For example, the Tesla 

Model 3 is coming without a typical speedometer / cluster lens. So not all steps of the 9R model 

are applicable for the parts discussed in this master thesis. Currently, the greatest potential for 

increasing sustainability lies in the recyclability of the products, which probably also increases 

the reparability of the products. 

However, what is often missing in the previously mentioned circular economy concept, is the 

fact of material erosion. For example, pieces out of carbon fibre can’t be easily recycled, since 

the fibres already have a certain length and with every recycling process, they are getting 

shorter. This means this resource can only be downcycled (Soraia Pimenta ⇑, 2011). Similar 

things are happening to different types of plastic. Here the molecular structure is getting shorter 

with each recycling process due to thermal stress. This means the properties are reduced and 

the possibility for new application are becoming limited. While it is possible to repair the 

molecular structure, by adding additives, the effects of recycling can’t be neglected. A common 

problem here is chain scission and branching (Kim Ragaert a, 2017).  Many materials have a 

similar problem, because of this, a circular economy is almost an unreachable dream condition.  

Another problem are material bonds, which are almost impossible to separate, for example 

multi-layer packaging. One solution here is a change in the design of the product. When 

recycling is considered in the design phase already, it can become easier to recycle the product. 

This principle is part of the circular economy action plan of the EU (Commision, 2019).  

In this master thesis, the focus lies on the rear lights, pillar trims and the cluster lenses and all 

are part of current automotive. For cars the EU has put an end of life directive in place. In 

Article 4b of the end of life directive it is stated: “In order to promote the prevention of waste 

Member States shall encourage, in particular: the design and production of new vehicles which 

take into full account and facilitate the dismantling, reuse and recovery, in particular the 

recycling, of end-of life vehicles, their components and materials “ (Commision, 2000) This 

means a car should be designed in a way, which enables recycling after its use phase. 
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2.3. Recycling possibilities for PMMA  

The graphic above shows the production and the recycling methods for PMMA. It can be seen, 

that there are two forms of PMMA product. One is the h-sheets, those are casted PMMA 

products / sheet, here the MMA polymerises directly. They have a higher molecular weight and 

it produced by casting MMA into forms. Casted material is more scratch resistant, has better 

optical properties, more resistant to chemicals and can be better machined. However, it can’t 

be shaped into complex forms like extruded material. Since it has a higher molecular weight its 

melting behaviour is worse than extruded material. The low molecular weight material on the 

hand is very suitable to be extruded into complex forms, for example rear lights. Extruded 

material on the other hand is produced by continuous polymerisation, which are cut into pellet 

size. This method allows for a better moulding ability. But the difference in molecular weight 

also means a different recycling approach has to be taken. While extruded material can be 

recycled mechanically (MR), this is not possible for casted material. Casted material has to be 

recycled chemical / thermally (CR).  

One of difficulties here is the fact, that it is not always easy to differentiate casted and extruded 

material. Because both can come in a similar shape. But rear lights, cluster lenses and all other 

applications in the car from PMMA are out of extruded material. There are some exceptions 

but those are only found in low volume car production.  

Figure 9 PMMA recycling possibilities, Kikuchi, 2014 
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2.4. Mechanical recycling  
 

Sorting  

In order for recycling system to work, it is essential that the material is well sorted. This 

guarantees a better and purer end product, which also increases the value of the recycled 

material. There are multiple methods to sort plastic / waste: air classification, magnetic 

separation, eddy current separation, screening, trommel separation, optical sorting 

manual sorting, drying, float/sink separation, froth flotation, thermo-mechanical sorting 

wet grinding, hydro cyclone, static hydrodynamic separation tanks, heavy media separation (I. 

Vermeulena, 2011). All those sorting methods are aiming to increase the purity.  

For plastic sorting, the manual, magnetic and optical / NIR sorting is common practise (Dr. 

E.U. Thoden van Velzen, 2018). Difficulties for sorting are: contaminations (dirt/ glue/ paint), 

size of the object, colour of the object (dark colours) and combination with other materials (D. 

Froelich a, 2007).  

Depending on the waste stream it can happen, that the material is crushed down to a similar 

size. This is sometimes done in order to improve transport, for example rear lights uncrushed 

are way to voluminous which reduce the total weight each truck is delivering to the recycling 

plant. Another reason is the sorting systems itself, which only works with a specific size, 

typically between 5-50 mm (Steinert, 2020). However, if the material is already too small, 

sorting becomes almost impossible. Since differences between flakes become indistinguishable. 

Current sorting system can achieve accuracies of up to 99.8% depending on the material (4R 

Sustainability, Inc., 2011). A further limiting factor is the amount of sorted material. One 

machine roughly sorts between 1 and 5 tons per hour. Costs for crushing and sorting (using NIR 

sorting) are also around between 400 and 700€ per ton. This means sorting and crushing of one 

kilogram of waste is between 0,40€ and 0,70€ (Daniel Schwaab, 2020). What raises here the 

level of difficulty is the fact, that not every plastic type has the same financial value. The 

consequence here is a waste stream needs to be found, which features enough value, that sorting 

makes sense. Another competition here are the cement industry and  

Crushing 

 After the material is sorted it gets crushed down to the desired size, which enables the material 

to melt homogeneous. This is important, since any issues during the melting process will 

influence the optics of the finalized product as well. This is why the material has also to be 



41 

PMMA dust free. Otherwise black spots can occur in the product. In some use cases the crushed 

material is already used, for example in internal recycling steps, where it is added to virgin 

material. This is however not the standard procedure.  

Compounding 

In this step the crushed material gets processed through an extruded and becomes pellet shaped 

again. During this step additives and colour can be added. This is happening to meet the 

requirements from the customer.  

The table below shows the advantages and disadvantages of mechanical recycling-   

Advantages  Disadvantages  

- Price competitive, can be 10-30% 

cheaper than virgin material (post-

industrial recycling)  

- CO2 savings can be between 30-70%  

 

- Loss in transparency, which can be 

between 1-8 %, it gets worse each 

recycling circle  

- Meltflow index is increasing, can be 

altered with additives  

- Reduced impact resistant,  
Table 3 Advantages / disadvantages mechanical recycling, Source: RECYCLING COMPANY (A) 
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2.5. Chemical / thermal recycling  
 

Both names can be found, but they describe the process of breaking down PMMA with heat 

back to MMA. This process can be seen in the graphic below.  

 

 

 

 

 

 

 

 

 

 

 

For the chemical recycling process two procedures are common, the first one is the usage of a 

molten lead bed and the second one is the usage of hot sand. In both case the material gets 

heated to temperatures around 350-500 degrees. At those temperatures the PMMA is starting 

to break down and turns into a gaseous state. PMMA has a celling temperature of 220-230 

degrees, this means at this temperature the materials aren’t polymerising more than it is 

decomposing. So, everything above the celling temperature is meaning, that PMMA is turning 

into MMA.  

In the case of the molten lead reactor, the lead is kept at temperatures from 350- 535 degrees. 

Depending on the temperature it takes 0.1ms and multiple seconds to break down the PMMA 

to MMA. The PMMA is given onto the molten lead, here it decomposes without mixing with 

the lead. It is basically floating on the lead. No mixing here occurs. But in some cases, small 

residues of lead can be found in the MMA, which is problematic for some applications. 

Furthermore, the waste that is generated in this process is hazardous, since it contains lead.  

Figure 10 Thermal recycling of PMMA, Kikuchi 
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The other method is the usage of sand and nitrogen. Here the nitrogen is used to create a 

fluidised bed reactor. In this reactor the PMMA is also transferred into MMA.  

Besides sand, molten salt and steel beads are used for this process. All processes have in 

common, that the gaseous MMA is send to condenser, where the MMA or other ingredients of 

the MMA condensate. After the MMA is recovered it is distilled in order to increase the purity 

of the material. Purity of 94-98% are not uncommon for this procedure. (K. Smolders a, 2004) 

Advantages  Disadvantages  

- Every type of PMMA can be recycled, 

no matter colour, additives or 

molecular weight 

- Purity of the material is great and 

almost close to virgin material  

- Sometimes an unpleasant smell can 

be noticed 

- Slight yellow tint can be seen in 

specific viewing angles 

- Contaminations with lead can rule out 

some applications  
Table 4 Advantages/ disadvantages chemical recycling, internal sources /Smolders 

Currently a few thermal / chemical recycling plants are in operation. Most famous is Madreperla 

®, Italy. They are offering a recycling product, which 100% recycled under the name Greencast 

®. For this product PMMA from post-industrial and post-consumer sources is used. However, 

it is not disclosed in which percentage (Madreperla, 2020). According to Madreperla® they are 

able to achieve a reduction in CO2 emissions by 70%, but no proof for this claim is delivered 

(Vink-Kunststoffe, 2020). Often PMMA is also exported to China, India or other Asian 

countries, where the PMMA is cracked down to MMA as well. It either used for low quality 

sheets or used for paint (Recplas, 2020). For those applications price is the most important 

criteria, in an interview with a recycling company (RECYCLING COMPANY (A)), the CEO 

mentioned that no clear PMMA is going east. This is due to the fact, that clear PMMA allows 

for the best recycling results, but also has the highest price on the secondary market. Since price 

is the most important aspect, for those applications, they don’t buy clear PMMA.  

Overall it can be concluded, that chemical recycling of PMMA has a lot of advantages but, it is 

still limited by the sourcing of the raw material.  
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3. Context of research: The automotive industry and the challenges to 

recycling and circular economy for PMMA 
 

In this section, the context of research which is the automotive industry is explained. The 

different car parts and their challenges and opportunities of transformation towards a recycling 

and circular economy / business models are shown.  

3.1. Rear lights  
Rear lights on cars are there in order to show the traffic behind the car what it will do next. For 

example, if the driver hits the breaks, the following car sees three lights turning on. Here he 

knows the driver is slowing down. With these light signals the car behind understands the next 

actions of the car ahead of him. Furthermore, they allow us to know where a car is positioned, 

this becomes especially important when it gets darker. Because of this, a rear light is massively 

increasing the safety and allows us to drive safely. But that is not the only purpose of a rear 

light. They are also a massive aspect of the car’s appearance, they allow us to distinguish cars 

from different brands even at night. Because of the last aspect every brand designs the rear light 

nowadays to display the brand and the emotion it is connected to. This can be seen well in the 

graphic below. Around the 1950s the rear lights were all pretty small and fulfilled the basic task 

of indicating the actions of the driver. In the 1970s and 80s rear lights got bigger and the shapes 

started to differ from the basic boxy and round shapes. Another change from the 1950 / 60s 

design is the connection of the rear light glass cover from screws to glue. This however also 

meant, that the glass covers couldn’t be changed that easily. In the 1990s the orange colour 

Figure 11 Development of rear lights over time, own graphic 
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started to disappear from the rear lights. They were replaced by orange light bulbs and 

transparent glass parts. In the 2000s another trend started to grow, previously rear lights were 

only one-piece design. But from here on they could be split into two pieces. This allowed for 

even bigger rear lights and more diverse designs. The split design means that one part of the 

rear light is integrated into the trunk hatch. Furthermore, the third brake light in cars got 

mandatory for all cars produced after 1998. This meant the addition of another light. In 2010 

and 2020 the trend of more red glass panels in the rear lights continued. Another trend is the 

usage of high gloss black panels which connect the two rear lights. This can be seen in the 

graphic above by the companies Porsche and Toyota. Which both started to connect those two 

lights. 

 

3.2. Construction of the rear light  
 

Structure 1  Structure 2  

Picture 3 Mercedes GLE, newscars.com 
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In the graphic on the previous page the newest generation of the Mercedes GLE is displayed. 

What becomes apparent from the picture is the two-piece design of the rear light. One piece is 

included in the trunk hatch and the other part is included in the rear bumper. The design allowed 

Mercedes Benz to create a bigger rear light without limiting the opening of the trunk. 

Furthermore, it is visible that the rear light is only using the colours red and white / transparent. 

This allows for a more homogeneous design. Another thing that has changed over the years is 

the structure inside the rear light. Until 2000 / 2010 a specific 

part would light up, this part was mostly square. But in modern 

rear light structures can be found which guide the light. For 

example, structure 1 in the picture above is allowing is guiding 

the light in a specific form. This form can be seen in Picture 5 

Mercedes GLE Rear light, structure 1, Own picture. With such structures it becomes easier for 

people to identify this car as Mercedes Benz, even at night. Additionally, the triangular shape 

towards the centre of the trunk hatch becomes a unique identification of all newer Mercedes 

Benz model. A similar design can be seen with the new A-class and E-class, as well as the GLC. 

What can be seen with all the examples, is the increase in complexity and requirements which 

need to be fulfilled by a modern rear light. But what this complexity also means, is an increase 

in complexity when it comes to recycling. With the current numbers (life expectance) of the 

Ministerium Umweltbundesamt it can be expected to see those types of rear lights are rolling 

up to the scrap yards from 2030 onwards.  

Picture 4 Mercedes GLE Rear Position 
Lights, Autozeitung 

Picture 5 Mercedes GLE Rear light, structure 1, Own picture 
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The picture above is showing the outer right part of the rear light of a Mercedes Benz GLE. 

Now the structure inside the rear light can be better seen. The matt square / circle is the position 

light of the car, this light is always visible to the outside. Inside that area are three reflectors 

which represent the brake light of the car, so those can be only seen, when the driver hits the 

brakes. Below that is a thin stripe 

which includes the turn signal and 

the reversing lamps. All those 

functions can be seen in the two 

pictures on the side. 

 

In this graphic above the bigger components of a rear light can be seen. It is apparent, that it is 

a complex piece of technology, which requires a lot of effort from a recycling system. The issue 

here is that most parts a welded or glued together (Gwon, 2015). This means separating them 

is often a destructive process, which requires a lot of sorting afterwards. For rear lights several 

recycling projects have already been conducted, Hyundai is currently holding a patent for the 

removal of the PMMA cover glass. In this patent a machine is milling around the outer line of 

Figure 12 Explosion drawing Audi Q5 rear light, internal source 

Picture 6 Mercedes Benz GLE 
Turn Signal, Youtube 

Picture 7 Mercedes Benz GLE 
Brake/Reversing light Youtube 
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the rear light and is there by separating the glass from the housing. This procedure allows for 

greater purity of the recycling material, since contaminations are eliminated (Gwon, 2015). 

However, no report of actual usage could be found. 

 

 

One of the benefits of PMMA is its durability against weather effects. As a result, products out 

of PMMA are still recyclable after many years outdoor, since they only lose a small portion of 

their physical and chemical attributes. This can be seen in the change of transmittance and in 

the yellow index.  

In the figures 13/ 14/ 15 and 16 it is shown what happens over time, when the poly-carbonate 

and polymethyl-methacrylate are left outside. In order to test this, both materials have to 

withstand 10.000 hours of continuous illumination of special lamps. Those lamps are 

replicating the effects of 10 years of outdoor usage. Both materials are reacting with the sun 

light and as a result PC gets a yellow tint. However, for PMMA the value is also increasing, but 

Picture 8 Removal of PMMA from rear lights, 
Patent Hyundai (Gwon,2015) 

Figure 13 Weathering effects on PMMA, Röhm 
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on a totally different level, this level is not visible to the human eye (figure 13). The weathering 

effect for PMMA is 10-time lower and it is obvious that only PC shows signs of impacts of the 

elements. Because of 

that PMMA keeps its 

original attributes and 

makes it so perfect for 

the application outside 

and for cars. PC for 

example is showing 

significantly more signs 

of colour change after 

500 hours than PMMA 

does after 10.000 hours. This effect can also be seen with old PC head lights on cars, those get 

a yellow tint as well. PC and other plastics which also react to the weathering effects, have 

implications on the recyclability of the material. From that point of view, PMMA is clearly 

beneficial since the material can be recycled even after years without extensive treatment and 

additives. For further research it could be interesting to explore environmental benefits if 

headlights use untreated PMMA instead of coated PC. Since this coating is made out of a cross 

linked Polysiloxane which contaminates the PC and has to be removed before recycling 

(Carmo, 2012). If this coating is not removed, the recyclate is not usable and further energy 

savings come from not having to apply a coating. Overall, PMMA can be recycled very well 

after its use phase, since the effects of the environment on the material are really insignificant. 

Figure 14 Effects of accelerated weathering on PMMA, Röhm 

Figure 15 Weathering effects of PC, Röhm 
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The effects for PC can be seen in the graphic below and here the values for yellowness and 

transmittance are changing much more dramatic.  

Originally it was also planned to conduct experiments with old rear lights, but due to Covid-19 

those experiments had to be cancelled and remain a possibility for further research. But the 

article from R. Blass showed that recycling works in the case of ABS and PMMA even after 

years.  

 

 

 

 

  

Figure 16 Effects of weathering on PC, Röhm 
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3.3. Pillar trim  
 

The pillar trim is a black piece of plastic on the upper part of the door, it is 

between the windows. With its black colour it is creating a more even look 

between the windows. Pillar trims are normally made out of 2 or 3 

component injection moulding (Megatech, 2020). The lower layer is often 

made out of cheaper ABS/ PC and gives the piece stability. The upper layer 

on the other hand is made out of an around 4 mm thick PMMA layer, this 

is used because of its high glossy surface and is UV resistance. UV 

resistance is crucial for this piece in order to withstand the impact of sun 

light and therefore maintaining its glossy black appearance even over 

years. Typically, the upper layer is pretty thin and weighs around 150 

grams (PMMA). From a recycling standpoint a pure PMMA piece would 

be beneficial, but it is rarely done. This has two reasons, the first one is the 

price and the second one is the clips which are holding the pillar trim in 

place. PMMA is simply not crack resistant enough, because of that the clips could break during 

the instalment of the pillar trim. Such a failure is not acceptable for a product which is produced 

at such a high rate, as cars are. In recent years a 3 third layer has been implemented, this is a 

seal on the outside of the ABS/ PC layer. With this seal, the piece closes any gaps and helps 

improving the aerodynamics of the car. Besides that, it helps to keep down the noises from wind 

and vibration. (Haslinger, 2008)  

While all those advancements help to improve the driving comfort massively, they all decrease 

the recyclability of the product. Especially the 3-component design will be a challenge for the 

recycling process, since it is almost impossible to break up those welds.  

3.4. Cluster lenses 
 

Cluster lenses are covering the speedometer of the car. They are made out of pure and clear 

PMMA. They are the product out of PMMA in the car which can be recycled the easiest from 

a technical standpoint. However, they are also welded / glued into the ABS housing. 

Furthermore, they are difficult and time intensive to disassemble from the car, while also 

generating low quantities of PMMA waste for recycling.   

Picture 9 Pillar 
Trim, Megatech 
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3.5. Automotive industry: Existing recycling system in the car 

industry  
 

An existing recycling product of post-consumer material which is more widespread in the car 

industry is the usage of PET-Bottles. Offers can be found from (Mercedes Benz, 2019)and 

(Audi, 2020). Here the car manufacturers are using post-consumer materials to create a car part. 

In the case of Mercedes Benz and Audi, this is the case for car seats and carpets. Audi is using 

45 1.5 litre bottles to create the seat covers of 4 seats. Furthermore, Audi is using additional 62 

PET bottles to create carpets for the new Audi A3. A difference between Audi and Mercedes is 

the recycling content, Mercedes is claiming they are using 100% recyclates and Audi on the 

other hand is only using 89%. For Audi the difficulties lie in the connection of the lower 

material (polyester) and upper seat cover (PET). But their goal is to create the seat cover from 

one material only, in order to improve recycling capabilities.  

Audi is describing the recycling process for the PET bottles as the following:” The bottle 

disappears in the hole of the reverse vending machine, and the customer in Germany gets €0.25. 

But what happens then? While still in the shop, the disposable bottles are compressed for truck 

transport in order to save space. Once they have arrived at the recycling plant, they are sorted 

by colour, size and quality. Foreign matter such as the caps are separated. A mill then crushes 

the bottles into flakes, which are washed, dried and melted down. Nozzles shape continuous 

plastic strands out of the mass. Once they have dried, a machine chops them into small pieces. 

This results in granulate, otherwise known as recyclate, and this undergoes extrusion to create 

threads. Wound onto coils, these are used in the final stage to manufacture materials.” (Audi, 

2020) 

PET-Bottles have the advantage that they are widely available, their recycling system is well 

established and common in other areas. For example, Adidas is producing shoes out of old PET 

bottles (Morgan, 2019). The recycled product is customers offered from Mercedes and Audi at 

no additional costs.  
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3.6. Car recycling targets world wide 
 

In the graphic above the recycling targets from the major regions / countries in the world can 

be seen. Except of the US, every country / region has a specific target. It is common, that 85% 

of the weight of the car have to be recycled and further 10% can be used for thermal recovery. 

For the year 2017 the average in the EU, was for reuse + recovery = 93,7. % and for reuse + 

recycling it was 87.8% (Eurostat, 2020). 

3.7. Car recycling situation in Germany  
This master thesis is focusing on the automotive industry, this has a few reasons, the first one 

is the interest from car manufacturers. For example, Volkswagen announced for its electric car 

ID.3, that it would be produced carbon neutral (Volkswagen Newsroom, 2019). This means the 

production of all its parts must occur CO2 neutral. Because of that Röhm got asked, if they 

could deliver a CO2 neutral PMMA. Recycling was one of the options Röhm can reduce the 

CO2 emissions of PMMA significantly.  

The second reason for the focus on the automotive industry is the continuous waste stream. The 

car industry is, besides the medical industry, almost the only industry / source of continuous 

PMMA waste. This is especially important for a recycling system, since it allows to plan and 

to predict what type of products can be offered. While large quantities of post-consumer PMMA 

waste can be found from architecture, greenhouses and advertisement, they all have in common, 

that they are mostly project businesses. Meaning of that is, at one-point large quantities of 

PMMA are entering the waste stream and at other times, no PMMA at all is entering the streams. 

Table 5 Recycling laws worldwide, adopted from Sakai 2014   
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Furthermore, it is often unclear, when this is happening and what type of PMMA it is. As a 

result, it could happen, that Röhm can’t deliver consistently the same recycled raw material, 

especially if mechanical recycling is chosen. Something like that is highly problematic for many 

industries, which rely on just in time deliveries.  

Another simple reason for the automotive industry was the internship which was completed 

before this thesis at Röhm in the ESHQ department. This led to an exchange between the ESHQ 

department and the Molding Compound automotive team and to this thesis.  

Currently 47.7 million cars are registered in Germany and compared to 2019 the amount has 

increased in 2020 by 1.6 %. So, the demand for cars is still strong, despite recent debates and 

car sharing offerings (Kraftfahrtbundesamt , 2020).  

Internally Röhm is calculating that around 1.8 kilograms of PMMA on average are used in the 

car. This number can greatly vary between low budget cars and luxury cars.  

In the latest report from the Umweltbundesamt / German environment agency, it was stated, 

that around 3 million cars are deregistered each year in Germany. But only a sixth of those are 

getting recycled, the majority of them is getting exported into other countries.  

The graphic below is a simplified overview of the recycling / export situation in Germany. A 

more detailed view can be found in the report from the German environment agency under the 

title: “Description of the data submitted according to Commission Decision 2005/293/EC on 

the monitoring of the reuse/recovery and re- use/recycling targets on ELVs”. Many cars are 

having a second life in other European countries, because of this the recycling numbers are 

quite low.  

Figure 17 Recycling situation in Germany, Own graphic, based on the Report from the German environment agency 
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When cars are getting deregistered, they have an average age between 17-18 years. It is unclear 

however if there is a difference between the age of cars which are getting recycled and those 

which are getting exported. Here the average age is hiding the answer.  

The average age also shows, that changes in design for example take a look time until they 

would be noticed in recycling statistics of this report. With such a delay recycling system have 

on one hand have lot of time to prepare for new materials / new designs. For example, since the 

introduction of the directive 2000/53/EC it is mandatory under article 4 (prevention) for car 

manufacturers to improve recycling, to use recycled materials and to improve dismantling / 

reuse of car parts. In Germany no share of recycled materials / plastic is mandatory, and it is 

questionable who and how it is determined whether the chosen design is recycling friendly.  

Under article 6, paragraph 5 of the directive 2000/53/EC it is stated that countries have to assure 

that cars are being stripped and treated in a way that recover, reuse and recycling are promoted. 

This means valuable car pieces and hazardous parts / materials have to be removed before the 

car gets shredded. However, no promotional article from German car manufacturers could be 

found, which would show current efforts.  

Toyota for example has 

published in their 

recycling report, that they 

installed marks in their 

products which indicate 

points of easy removal.  

Removal of parts has to be 

easy in order to keep the 

costs down and to increase 

competitiveness of 

recycled plastics.  

 
Picture 10 Removal of Car parts, Toyota Recycling Report (page 6) 
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The recycling process for cars starts with the removal of dangerous fluids and parts that 

hazardous, such are batteries, oil, fuel, coolant and brake fluid. After all those things are 

removed wheels including tires and larger pieces of body are removed. Here the front bumper, 

rear bumper and the fuel tank are common items to be removed from the car for recycling. 

Besides that, items are removed which can be used again. Those are often rear lights, head 

lights, windows, engines, transmissions or doors.  In the table below the amount of fluids and 

parts that are removed from 

cars can be seen.  

The total weight of the 

506.531 car which got 

recovered is 530.311 tons.  

For example, large plastic 

pieces which get recycled 

currently make up 0,0017 % 

of the total weight.  

After the parts and engine are 

removed the hull (body) is 

going to a shredder facility. 

In Germany 1150 

disassembly facilities can be 

found, still only 20 shredder facilities. At those facilities the car is shredded as shown in the 

following graphic.  

Picture 11 Statistics Disassembly, Translated Statistic from the Report of the German 
Environmental Agency 
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Figure 19 Car shredder, Schmiemann 

  

During this process the whole car is cut into small pieces, the heavy 

pieces are dropping to the bottom and the lighter ones are getting 

sucked up. Light shredder fraction is mostly consistent out of plastic, 

foam, glass, fabrics and rubber. The average composition can be seen 

in the graphic on the right sight and is a wide mix of materials.  

Toyota has developed a sorting system for ASR, which is able to sort 

this type of material. At the end Toyota receives 7 different material 

groups: glass, ferrous metals, aluminium, foam, copper, rubber, and 

resins. Those can be then sent to different machines for further treatment, PMMA is also in 

there, but its percentage is really low, so it would be difficult to remove. For PMMA recycling 

a disassembly solution before the shredder process would be best, because here the recovery of 

PMMA would be better. Currently Röhm is calculation with 1,8 kilograms of PMMA on 

average in the cars, this means with 506.531 cars and 100% recovery rate, 810 tons of PMMA 

could be recovered in Germany. In comparison, the European PMMA market is estimated at 

162.000 tons (Röhm, 2020).  

  

Figure 18 ASR composition, Toyota 
Recycling Report 
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3.8. Röhm  
 

In this section of the research context the case company and their historical approach to 

recycling is introduced. Röhm was founded in 1907 by Otto Röhm and Otto Haas, Röhm had 

studied chemistry and Haas was a banker. They started the company with the introduction of 

pickling agent called OROPON, which helped to tan leather. Before the first world war, 

experiments regarding synthetic rubber were done. Due to the first world war and the recession 

afterwards, the work had to be paused. When the research started again, the focus however 

shifted on the polymerisation of acrylates. By 1928 the company was able to produce 

shatterproof glass, here the acrylate was poured between two sheets of glass. This principle was 

also adopted when the first casted sheets of PLEXIGLAS® where produced. Here the MMA 

was poured between two sheets of glass and it was submerged in a water bath for the reaction. 

The water bath was helping to control the heat which was occurring during the curing process 

of the material. With this process, Röhm was also able to separate the material from the two 

glass panels, which was previously not possible. And in 1933 the name PLEXIGLAS® was 

protected as trademark and sold Röhm sold the first pieces this year. After this, further 

improvements to the production of MMA and PMMA where done. And still today, 

PLEXIGLAS® is so common, that almost everybody refers to acrylic glass with the name 

PLEXIGLAS® (Wittig, 2007) 

3.9. History of recycling for Röhm  
 

Recycling of PMMA is in fact nothing new for Röhm or many other brands and has been 

discussed multiple times in the past already. In fact, one of the earliest projects was conducted 

in 1991 /1992, this project was called PRAVDA (Projektarbeitsgruppe Altautoverwertung der 

deutschen Automobilindustrie – translated Project working group on end-of-life vehicle 

recycling in the German automotive industry).  Reason for this was draft from the German 

government which proposed a recycling law. As a result, a recycling network was formed (Gary 

Davis, 1994). This network included the major manufactures of cars in Germany as well as 

many suppliers. Röhm was one of them.  
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PRAVDA was focused on the recovery of different types of plastic, for this, parts heavier than 

100 grams where analysed (Jürgen Beudt, 2013). Plastic was one focus of this project, since its 

share in the cars was growing. For example in 1965 it was just 2%, in 1985 it was already 10%, 

in 1995 it was around 13% (Röhm, 1992), nowadays it is around 21% (Schönmayr, 2017). Since 

the plastic content in cars was continuously increasing, a recycling law was on the horizon, the 

car industry needed to assure that they could recycle plastic as well. So, the target of this project 

was an increase in recycling content in the car industry and lowering the cost for materials  

Interview with the lead project manager from Röhm during that time. 

Since PMMA is in car rear lights and Röhm is a big supplier for that, Röhm formed a small 

project team. They should help with a possible recycling process. The target was to recycle the 

rear lights automatically which is why a small test plant was constructed (capacity 1-5 tons). 

Also, it was clear that a blend should be produced, which could be used a material for the casing 

of the rear lights. This is often produced out of ABS.  

Plan for the project:  

  

 

Table 6 Recycling for PMMA no problem, 1992 (R. Blass) Röhm 

Those requirements have to be fulfilled by the rear lights, the same requirements have to be 

fulfilled with recycling material. So, in the beginning of the project disassembled rear lights got 

examined and a plan was made. The idea was to create a blend of PMMA and ABS. This blend 

Material 
Preparation Compound Material 

testing
Production 
test sample Real life test Approval for 

production

Requirements for the rear 

light 

Requirements for the material  Requirements for the cover 

glass 

- weather resistance  

- heat deflection 

resistance 

- stress crack resistance  

- optical performance 

- scratch resistance  

- water tightness  

- high thermostability 

- high tenacity  

- good metallizability 

- good weldability to the 

cover glass 

 

- weather resistance  

- scratch resistance 

- stress crack 

resistance  

- optical performance 

- high thermostability 

 

à Only PMMA and PC can fulfil all those requirements (cover glass)  
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could be used for the housings. This idea had multiple advantages it allowed for the usage of 

most of the rear light. Since it didn’t matter which colour the PMMA had or if it was purely 

PMMA or ABS. Like previously described recycling needs pure material streams in order to 

achieve an equal raw material. But in this case, it was the best options for rear lights and PMMA 

and ABS mix very well together. Furthermore, the analysis in the lab showed, that the properties 

of the recyclates would suit the usage for the housings (Röhm, 1992).  

So, they started with trials and together with Hella they produced rear lights with recycling 

material. The rear lights where installed and shown to a car manufacturer. They noticed a 

different shade of black in the rear light housings, when compared to virgin material. So, one 

of the managers killed the whole project by saying: Our customers expect nothing but perfection 

from us, so different shades of black are unacceptable.  

This might have been not the real reason why the project was killed. Because the interest from 

the car industry was also pretty low. Furthermore, difficulties in sourcing, logistic and the 

finance prevented this project from becoming established. When Röhm was collecting rear 

lights, they noticed, that many rear lights were sold off for secondary usage. The second issue 

was the logistics. Since the costs have to be low for a recycling product, it was important, that 

transport costs are overall low as well.  

This meant the shredding of rear lights had to occur as early as possible. Because a shredded 

rear light takes up a fraction of the space of an intact rear light. For example, the transport with 

a standard sized truck costs 1,81 € per kilometre (BME News, 2018) and inside 80 cubic metres 

of volume can be transported. And PMMA weighs 1,19 grams per cubic centimetre, which 

means the 25 tons loading capacity are the limiting factor for the transport.  

Rear lights on the other hand are approximately 25-centimetre-wide, 15-centimetre-high and 

20-centimetre-deep, with a volume of 7.500 cubic centimetres. This means around 10.670 rear 

lights fit in truck of 80 cubic metre and since one rear light weighs around 1,25 kilograms 

(Schönmayr, 2017), only 13.340 kilograms of plastic can be carried per load. This means for 

intact rear lights transportation costs are around 30-50% more expensive, than for shredded rear 

lights. This was confirmed from the CEO of Recycling company (A) as well, they source post-

industrial waste and if the waste is coming from outside of France, it has to be shredded in to 

be cost efficient.  

But even when transport and optics weren’t an issue, the financial aspect of the recycling was 

not very positive. While it was at similar price point as virgin material, it didn’t offer any 
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savings. This was something, the car industry was looking desperately for. Since without 

financial savings, there was little to no incentive to use recycling material. Furthermore, 

recycling material can produce more rejected parts and is more prone to visible defects, such as 

white stripes, bubbles and black spots. All those can happen if the recycling material was 

contaminated. Because the car industry has to be highly efficient, any disruption is expensive 

(Mustapha Sali, 2016).  

Overall a few questions where kept unanswered: Who should pay for the recycling process? 

Who does the collection? How much material can be delivered? 

It also became clear, that a change in design could help the recycling ability of the rear lights. 

But they are important (Figure 11) design aspects of the car, which help to differentiate them 

from other models and manufacturers.  

3.10. Current internal recycling situation at Röhm   
 

 

 

During this master thesis a site visit was conduct in Worms, here the MMA is produced and 

turned into PMMA pellets later (figure 25). This process is a continuous polymerisation. During 

Figure 20 Process PMMA production (Extrusion) internal graphic. Arrows are estimations, Röhm 

PMMA waste 

Extrusion 1 

Extrusion 
2 
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this process material is generated, which doesn’t meet the requirements from the customer. For 

example, when the material is dyed, the colour is always a little bit off at the beginning. This 

means, this material can’t be sold. However, this material can be put into the process again, but 

only if the colour is not too far off. Depending on the skills of the worker, the desired colour is 

met earlier or later. In many cases the material which didn’t matched the desired colour is 

completely used in the process again. But, when too much material is produced, which isn’t 

matching the colour and can’t be put into the process, it goes to storage. If the colour is now 

produced again, this material can be integrated as well. This is quite often possible. In some 

cases, the desired colour from the customer is so rare and unique, that storage doesn’t make any 

financial sense.  

And some material is not matching the quality specification of the company and is sold to 

recycling companies in Europe. This can be dust or large piles of PMMA, which can’t be used 

in the internal processes again. For the large piles for example a mill would be necessary, this 

is however relative expensive to keep running since it has to be cleaned after every usage. 

Otherwise cross contaminations can occur. But the majority is already recycled internally. Only 

a fraction of the produced PMMA is going to get incinerated. This can be due to contaminations 

with other materials or fluids.  

3.11. Evaluation of parts made out of recycled plastics 
 

As seen in the graphic above all car manufacturer have some sort of target for the usage of 

recycled plastics. But it is also common for car manufacturers to use renewable materials. Those 

can be found especially in the insolation, where they replace the plastic counterpart. In this 

graphic above are also mentioned some requirements from the car manufactures. The first one 

Picture 12 Recycling targets from various car manufacturer, Rehau / Dr. Steven Schmidt 
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is global and trouble-free availability. However, this can be difficult to achieve, as previously 

mentioned sorting systems can achieve 99% sorting accuracy and here one small contamination 

could cause a disruption in the production. Something like this is not appreciated by car 

manufacturers. In interview with a recycling company (RECYCLING COMPANY (A)) of 

post-industrial waste, it was mentioned that a British car manufacturer had approved black 

recycled PMMA for production. But stopped the recycling material, because it was not 

consistent enough. It got replaced with virgin material from Röhm again. Recycled materials 

have to fulfil the same standards as virgin material despite their history.   

Compared to the paper industry for example, where recycled material is totally accepted / 

sometimes demanded. Despite its slight grey colour. The car industry is here more difficult, 

since the material has to be 

consistent. It has to stay the same 

for all produced products. It is not 

acceptable to the customer if the 

colour / properties change slightly 

from the material, but this also 

means the source of the recycling 

material has to stay consistent. 

Otherwise it becomes necessary 

that colour and additives have to be 

altered constantly. Which increases 

complexity and costs of the recyclates.  

In the graphic on the left it can be seen how the automotive industry is standing at the top of 

the grade hierarchy. This means the car industry is the industry with one of the highest 

requirements regarding quality and therefor the industry with the least amount of feedstock. 

This means implementing a closed loop circular economy is especially difficult here. But even 

an open loop approach is difficult, since the quantities of available feedstock are low. The 

graphic is coming from one of the biggest recycling companies in Great Britain and is showing 

very well why circular economy is so tough for the automotive industry. What comes on top of 

this graphic is the fact, that Luxus LTD is recycling only post-industrial material. This means 

they have a good control over the quality since they know their origin of the material and what 

Picture 13 Feedstock hierarchy, Burton, LUXUS LTD 
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has happened with it. Nevertheless, they still have issues getting the material into the car 

industry.  

Industries like civil engineering and gardening have way lower requirements when it comes to 

the material. After all this often means the material gets downcycled. For example, it is common 

to produce sewer pipes nowadays out of recycling 

material. While this is good and saves virgin material 

it also means recycling efforts were reduced and the 

material got downcycled. Since the material doesn’t 

have to fulfil any optical requirements, just technical 

requirements (Schmidt, 2020). The graphic on the left 

from Rehau is showing, that the automotive sector and 

the industrial sector have the lowest recycling content. 

Here the requirements are much higher. Also, it can be 

seen that the growth in those sectors is not consistent 
Picture 14 Recycling content per division, Rehau,  
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and that sector “windows solution” was the only one which grew massively over the last four 

years. 

 

3.12. Example of the Mercedes Benz EQC  

The picture above shows the current usage of recycled or renewable materials in the Mercedes 

EQC. With the introduction of this electric vehicle, Mercedes introduced a number of new 

recycled pieces into their cars. One of them are the recycled seat covers, which are made out of 

recycled PET bottles.  

Every part that is shown in this picture, is either beige, grey or black. None of the parts are 

transparent or have a glossy surface. After all none of the parts is made out of PMMA. 

Furthermore, the seat covers, the carpets and the blends in the dash board are the only visible 

parts to the user. All the other parts are hidden from the customer. For example, the wheel arch 

covers are made out of recycling plastic, but those parts might be visible, but they don’t have 

the highest quality requirements. Clearly indicating that recycling parts are only favoured where 

Picture 15 EQC recycled or renewable materials, Daimler Mediacenter 
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they are not visible to the customer and they can be used without any performance losses. Even 

parts that are normally not visible, such as plastic covers under the bonnet have to fulfil high 

optical requirement. In the case of Opel, a water deflector below the windscreen and directly in 

the field of view, had to be free of flow markings, consistent in colour and show the desired 

surface. While this piece is only visible in rare occasions it still needed to fulfil high quality 

standards, as a result even here the usage of recyclates is complicated (Weingärtner, 2015). On 

top of that has to be noted, that these pieces don’t have to fulfil any safety requirements.  

The graphic above is an evaluation by the author of this master thesis, which should give a 

better understanding of the usage of recyclates in the car industry. For this purpose, four 

categories were defined:  

• Functional optical requirements those parts have to fulfil a function, which requires 

excellent transparency and the lack of any imperfections. Any variation would impact 

the performance of the part. For example, light guides in the interior are nowadays a 

common sight in luxury vehicles and help to generate a specific mood by illuminating 

the interior in different colours. Those light stripes produce a homogenous light 

throughout the cabin, and any imperfection would break this appearance.  

• High visibility those pieces are directly in the view of the driver/passenger and 

therefore need to be without any imperfections. Pillar trims are, for example, 

something, the driver sees immediately when he opens the door. As a result, they have 

Figure 21 Evaluation of the recyclability of different car parts, own graphic 
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to fulfil the highest optical quality standards. Those standards can be summarized under 

the category  

• Cosmetic optical requirements. Parts such as the pillar trim, do not fulfil any function, 

except maintaining the visual appearance of the car. Lastly, the category “ 

• Low visibility, in this category parts can be found, which usually are not seen from the 

user at all. Such parts are air ducts and insolation.  

By positioning the parts on this graph, it becomes visible why certain parts are already made 

out of recyclates, and other parts are not.  

Light guides are less visible, so they would be possible for the usage of recyclates if they did 

not have high expectations for transparency and consistency. This is why they can be found in 

the outer red area. In this area, products can be found, which either have high functional optical 

requirements or are highly visible. Another typical example in this regard is the radar dome 

cover, which is visible as a black surface. However, has to be perfect for an uninterrupted radar 

signal. The 2nd optics in the headlights are another example, they are either made out of PMMA 

or PC and focus the light of the LED Unit. Because of this, they have to be perfectly transparent, 

otherwise, the light would be disrupted and shattered into different beams. Rear lights and 

cluster lenses have the same requirements, while the consequences are a little bit lower, the 

visibility to the customer is a lot higher. Cosmetic, optical requirements are high for parts like 

mirror housings and pillar trims, and they are always in the viewing field of the user. Therefore, 

specifications are pretty tight for this part.  

In the yellow field, parts can be found, which can be made out of recyclates under specific 

conditions. Here the conditions are also tough, but there is the possibility. One of the examples 

here it the PET seat covers, which use recycled PET bottles. This usage of recyclates is possible 

since the quality of this recyclate is well controlled. Another possibility could be dashboards or 

other car parts with a 2-component injection moulding design. Here the top layer is produced 

from virgin material, and the bottom layer is made out of recyclates. Dashboards, in general, 

have the advantage of a structured surface. As such, imperfections are not as easily visible as 

otherwise.  

The last field is the green one, in this field, parts can be found, which are already made out of 

recyclates. Examples are underbody parts, insolation, wheel arch covers, cable clamps and air 

ducts. All those parts have in common that they usually are not visible to the end-user and 

therefore have low optical requirements. As a result, they do not have any tight optical 

requirements, those parts only need to be stable and reliable. Still, they need to fulfil all the 
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requirements from chapter 6. Overall it can be concluded that some car parts are with current 

technology almost impossible to produce from recyclates. Other parts are easier, because they 

are either out of the view of the user or their material can come from well controlled and 

consistent sources for the recyclate.    
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4. Research framework 
 

This master thesis builds on the research framework of the circular economy. The overall 

research question of this thesis is: How could PMMA play a role in a circular economy with 

the focus on the automotive industry? For this question the approach of the inductive 

qualitative method has been chosen. (Saunders, 2016) 

In general, the concept of circular economy is describing an economy where materials are not 

eliminated for ever. And this concept is borrowed from nature, here water and nutrition’s are 

circulating, as described by (Stahel, 2016). As a result, demand for resources is lower compared 

to a cradle to grave economy. Because of this, this type economy is beneficial for our current 

situation.  

The following graphic, has been adopt to the recycling / circular economy solution of PMMA 

in the application of rear lights, pillar trims and cluster lenses. Recovered material can be reused 

as a regrind directly in the production, or as by product in the production at Röhm. Another 

possible solution is the recycling back to MMA or even back to Naphta, which enters the 

production at the first step, the raw material sourcing. Arrows for repair, reuse or repurposing 

have been left out, since those cases are rare in the automotive industry. The target of this 

research is to find the parameters for a circular business model of PMMA, those targets can be 

financial, qualitative and quantitative.  

 

Figure 22 Circular Economy, own graphic 
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1. Sourcing of raw materials 
 
This step is not examined in this thesis, since it would be outside of the scope of the 

thesis. However, it is possible to source the raw materials for PMMA from renewable 

sources, with this comes a lot of advantages, but also an equal amount of challenges. 

Especially, the plate or tank discussion. 

 

2. Production of the material  

In this step the raw materials are processed, and a finished transition product is 

produced, examples are concrete, steel or PMMA. The second step is shown in this 

thesis with analysis of the internal recycling processes at Röhm. 

 

3. Production of the finished product 

Rear lights, pillar trims and cluster lenses are produced by a supplier. For this step the 

raw PMMA is combined and formed with other materials into the finished product. 

During this step a material is transferred into a finished product. As such it is possible 

to keep recyclability / repairability in mind and help the circularity aspect of the product. 

(Stahel, 2016) In some cases, it is even possible to design a product that it allows for 

another use case after it has fulfilled its original intended usage.  

4. Use phase  

This phase is the longest phase in the case of rear light and of almost all products. It is 

also the phase that determines the properties of the product. Based on the needs of the 

usage the product is designed.  

5. Disposal of the product 

In this phase the product is disposed / has completed its intended use case. In some 

cases, it is possible to repair / repurpose / reuse the product. For rear lights those options 

are very limited.  

 

6. Recovery of the material  

In the last phase, the material has to be recovered. This step can happen simultaneously 

with the disposal of the product, for example in the case of deposit driven return systems 
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of PET bottles. Or it can be a separate step in the case when it is recovered, from a mixed 

waste stream.  

The question of this thesis is the possible contribution to the circular economy from PMMA 

with the focus on the automotive industry. In this context it becomes the question of how to 

close the circle for PMMA.  
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5. Methodology and data analysis  
 

This research is based on a qualitative inductive research approach. The following empirical 

research process is represented in the next figure which is composed of four / five stages. First 

data was gathered from in-company interviews. Second stage validating the internal interviews 

with external interviews from the main stakeholder of the company: car manufacturers and 

suppliers. Thirdly, I gathered data to validate the first findings with a conference presentation 

and an online survey.  Overall is this research based on an inductive research approach, where 

observations of the reality are gathered to develop and form a hypothesis. (Saunders, 2016) 

 

 

The survey can be found under the following link 

 

5.1. Research design  
 

This thesis has the aim to find out under which circumstances recycling is possible for PMMA, 

how a recycling system could look like and what customers are expecting from this. Since it is 

already known that recycling of PMMA is technically possible, it becomes a question of 

financial viability, customer expectations and material availability. In order to find answer to 

those questions, interviews internally were conducted, car manufacturers where interviewed 

and recycling companies. Furthermore, a survey amongst the customers of Röhm was executed. 

In this thesis however not, all information’s could be published, and the names of the companies 

have to remain anonymous, since the competition has an interest in this insight as well. In the 

discussion part the advancements of the competition will be discussed as well and it will 
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become clear why, it is important to protect some of the knowledge. For this thesis the 

qualitative research approach was chosen, which is well suited for fulfilling these requirements. 

A qualitative research approach allows for gathering descriptive data about a given case. In 

comparison to a quantitative approach, the qualitative approach gives more insights into 

motives and reasons behind certain decisions. (Saunders, 2016). Another reason for the 

qualitative approach was the low number of customers. There are simply not many large car 

manufacturers in Germany / the world and not many suppliers of rear lights, cluster lenses and 

pillar trims. 
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5.2. Data collection 
In the beginning of this thesis a lot of internal interviews with researchers, project engineers 

and business managers from Röhm where done, this helped in getting the basic knowledge 

about the topic. Additionally, it provided enough ideas for a possible recycling solution and 

gave information about previous research. In general, there was already a lot of research done 

internally and one issue here is / was the design of the company. Röhm has five different 

business units: CyPlus, Moulding Compounds, Bulk Monomers, Methacrylate Resins, Acyrilic 

products. The issue here is in the communication between the segments, most of the 

communication is happening at the top level and not on the medium / lower level. As a result, 

internal communication on topics such as sustainability are difficult and often ideas are not 

shared. Besides the internal research, car manufacturers, suppliers and recycling companies 

where interviewed. Here an unstructured style was chosen in order for the interviewee to 

explain different parts of their recycling strategy. As a result, this style gave them more 

opportunities for them to explain their motives and their ideas behind it. On top of that it made 

it easier to receive secret / information that is more sensible, than through a structured interview. 

In some cases, the interviewee was also asked if they are using a similar approach as the 

competition. This tactic often provided a lot of additional information as they felt the need for 

justification (Yan Zhang, 2020).  Additional benefits where received through the fact that 

almost all of my interviewees were close business friends of my supervisor, this meant a trusted 

relationship with them was established.  

Besides the interviews it was planned to conduct an anonymous survey amongst the visitors at 

the PIAE conference in Mannheim. This conference would have provided the perfect 

opportunity for this thesis, since all major player of the car industry would be present. However, 

due to the recent outbreak of COVID-19 the event was postponed and is now taking place 

outside the planned timeframe for this thesis. 

At this event, it was planned to do a live graphic. The question would have been: “Green 

materials, what does it mean for the automotive industry”. For this question, the plan was to 

place four different PLEXIGLAS® tubes on the stand, and each visitor should place a small 

ball into one of the tubes. Each tube would stand for a different solution.  

Solutions:  

1.    CO2 compensated materials  

2.    Bio-based materials  
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3.    Recycled materials  

4.    Biodegradable materials  

A planned design can be seen in the graphic below 

 

 

 

 

 

 

 

 

 

 

But this idea never got put into reality since PIAE was postponed due to COVID-19.  

This meant a different approach had to be chosen. Since a large quantity of respondent was 

desired, an online survey was selected. However, in the EU, it is not allowed to mail customers 

a survey without their prior consent because of customer protection.  

Since this option was denied, it was chosen to publish a survey on LinkedIn. This survey was 

published on the company’s own account and shared by many employees. The survey was open 

for a little bit more than four weeks. It was opened, but after two weeks the number of 

participants was meagre (four participants). As a result, it was chosen to sponsor the LinkedIn 

post, this means more people see this post. After the sponsoring the post was seen by 14.347 

people, five have reacted to the post, and the engagement rate was around 2,45%. Without the 

sponsoring, the post was seen by 1.076 people, and 17 reactions have occurred. Furthermore, 

the engagement rate was higher at 7,43%.  

Disappointingly, even the sponsoring did not bring any significant change to the number of 

participants. The survey was open until the end of April. In total, 12 people have answered the 

survey. With such a low participant number it, this survey is not representative, but a few key 

takeaways can be concluded nevertheless.  

Figure 23 Proposed plan for a stand at PIAE, Schroebel, 2020 
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This had multiple advantages, it was able to sort the participants into different groups. For 

example, since the focus was on the automotive industry and, but it was for Röhm also from 

interest, what other industries are thinking. All possibilities are shown in the graphic below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 

2. Segment your company is producing for?   

Automotive Building, Electronics, 

Lighting, Health, 

Home & other 

3.OEM, Distributor, 

Tier 1(Ext. Lighting 

/ Body), Interior 

3. OEM, Supplier, 

Distributor, Extruder 

4 

5 

6 

7. Does your company have sustainability goals  

Yes No 

8. Which sust. Goals 

does your company 

have? 

Jumps straight to 

next question  9.  

….  

13. Do you use PMMA in your products?  

No Yes 
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14. In which 

applications are you 

using PMMA? 

15. Do you collect 

PMMA waste 

separately in your 

production? 

Jumps straight to 

next question  

16.  

17. Do you use feel the need from your customers for a more sustainable product?  

Yes No Not sure 

18. From whom is 

the pressure coming  

Jumps straight to 

next question  

Jumps straight to 

next question  

19.  

20. 

21. Are you familiar with the company Röhm  
Yes No 

The End / Thank 

you 

…. 

28. Contact? 

Yes 

No 
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The idea behind the design was, that every participant only has to answer the absolute minimum 

of questions, but it should also maximise the information which could be gathered from each 

participant. Furthermore, it was chosen that four different types of question where used, yes or 

no question, multiple choice questions, ranking questions and open answers questions.  

The easy multiple-choice questions where used in the beginning in order to prevent participants 

from aborting the questionnaire in the beginning because of difficult question. On top of that, 

those entry questions allow to group the participants and later if they show any differences 

between those groups. After that, questions regarding the concept of circular economy and 

recycling followed, those where in place to see how their understanding is. As a side note has 

to be mentioned that not all questions in this questionnaire where for my master thesis, some 

question where also coming from other employees/ departments of Röhm. After a question of 

recycling material an open question was used to give participant the opportunity to give more 

details about the use case.  

After that two questions regarding the customers of the participants and their origin of more 

pressure for sustainability were asked.  

Now the participants are at question 21 and this question should help the marketing department, 

it was there to determine whether the participant knows Röhm (brand awareness) and if they 

know the product PMMA well.  In the next questions the participants should rank what they 

expect from a recycling product and if they were willing to pay extra for this. As well as an 

open question for a possible use case of recycling PMMA.  

Another reason for this approach was the chosen platform and method, since the LinkedIn post 

was shown to all 895 followers of Röhm. As a result, the post was visible to everybody, it was 

not possible to select a specific group of interviewees. The post itself can be seen in appendix 

1 and the survey results as appendix 2.  

Sample of the survey:  

The sample was consisting 12 participants, which have participated in the survey during a 

timeframe of four weeks. This number of participants is too small, to be significant. For 

example, two people stated they are working in the production field. With such low numbers 

of input, it is impossible to predict an overall trend or make a decision based on that. In the first 

5 questions the participants should state, in which industry they are working, what size the 

company has and on which continent / region they are located. The idea behind this question 
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was the possibility to see differences between industries, when it comes to recycling and 

circular economy.  

The participants where coming from different industries, four from automotive, three from 

building and architecture, three from lighting and two out of other industries. One user was 

working in company from size 1-9 employees, five users where working in companies from 

10-500, three users in a company from 1001-5000 and another three users in 5001+ companies.  

Seven participants where working in the region EMEA (Europe, Middle East, Africa) and five 

in the region America (South and North America).  

5.3. Data analysis  
The interviews conducted for this thesis, where unstructured, as a result the questions and 

answers where always different. The data received from the interviewees was collected and put 

into order. For example, all suppliers from the car industry gave information about the amount 

of material, that goes to recycling. What has varied here, was the level of detail, in some case 

it was reported where and how much production waste occurred. This was due to the sensitivity 

of the analysis. As a result, an overall estimation from that could be drawn. Furthermore, not 

all data can be presented in this master thesis.  

For the survey no real analysis was done, since the feedback here was too low. With only 12 

participants the data is not valid and doesn’t show any clear trends or expectations which could 

be used for further decision making.  

5.4. Reliability and validity  
While it has to be hoped, the fact that the survey was open to everybody on LinkedIn meant 

that this survey could be sabotaged. In theory a competitor could have made 50 or more answers 

and completely change the result of the survey. But the public approach, had to be chosen in 

order to comply with European data protection law. While an email mailing would have been 

possible as well, it would have meant, that every participant had to previously confirm, that 

they are okay with that. Since the change to the digital form was rather quick, it meant this 

approach would have taken too much time. Furthermore, it is questionable, if a higher success 

rate could be achieved.  
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6. Findings 
In this section I introduce the main findings based on the interviews and on-line survey. I first 

explain, the interviews findings and then the survey results. 

 

6.1. Interview results 
 

One of the interviewed companies was a plastic recycler from France (Recycling company (A)) 

and all the following statements are coming from the interview with the CEO, if not otherwise 

stated. The interview was conducted with a video call on the 07.04.2020 and the written notes 

where checked by the company. Recycling company (A) is producing technical compounds for 

25 years and has a solid experience and reliability for PC, PMMA, PC/ABS recyclates. Those 

3 materials have good chemical properties which make recycling possible. Furthermore, they 

have a sourcing system established. A lot of black material can be found on the market but not 

a lot of transparent material. Overall, they recycle around 5000T per year of plastics, 3000T are 

PC and 500T are PMMA. 70% of their production is exported to East Europe, Germany, 

Maghreb countries and China.  

This company has two production lines for grinding and granulation operations. Currently only 

one line is working now because most of their customers shut down their plants (Covid-19) 

The normal production steps for the material are: 

- Collect the plastics scraps 

- Crush with grinder 

- Regranulate in their machine (coloration, compound regrind/virgin) 

- Control in their laboratory 

They also make compounds and coloration for small quantities. The recycling company started 

their activities for the automotive industries by collecting their scraps, regranulating and 

regrinding and sending back to the granulates.  

Then they diversified in electrical and electronical applications with other customers, however 

here mainly PC, ABS and ABS PC are used.  

Automotive industry requests high quality material for transparent applications. Recycled black 

PMMA is also sold back into the industry. Recycling company (A) receives PLEXIGLAS® 8N 
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clear from the automotive industry and regrinds it. PLEXIGLAS® 7H clear is delivered from 

a German supplier (he can supply 40T per month of 7H clear). Otherwise Recycling company 

(A) receives a lot of regrind materials from Romania, Czech Republic and Morocco. Here he 

has partnerships with some companies which collect the scraps, crush and regrind them.  

They work also with the cosmetic industries that are interested in high melt flow PMMA. 

Besides that, they sell recycled PLEXIGLAS® 8N clear to a company which builds cosmetic 

displays and they are making the coloration themselves.  

Recycling company (A) received some PLEXIGLAS® Heat-Resist FT15 and had a loss in heat 

resistance. In general, regranulated plastic loses light transmissions, has an increased melt flow 

index and decreased impact resistance compared to the virgin material. 

In total they. have now more and more request from customers to introduce recycled plastic 

parts in their products. 

Post-Industrial material is their only source because they have to fulfil high quality standards. 

No imperfections in the material are allowed, this is especially true, for the clear material. They 

receive regularly some proposals of PCR (Post consume recycling), but quality is not sufficient, 

and prices are too high. On top of that it is impossible to make clear recyclates with post 

consume plastics, only black recyclates are possible. 

There is a lot of coloured recycled PMMA from China on the market but the clear is more 

difficult to achieve. He has lots of Chinese competitors with coloured materials. China is buying 

a lot of PMMA from the market, however they are not buying clear material, because of the 

high prices.  

Overall the collection of the material is difficult.  

In general, the automotive and cosmetic industries prefer a clear recycled PMMA and only few 

companies can propose good quality materials. They have 2 ways to collect the PMMA: 

1. Contracts with many suppliers in France (Automotive, cosmetic, leisure) from which 

they receive plastic scraps, then make crushing operation in their French plant to have 

regrind basis that after is passed on their machine for regranulation. 

2. Signed partnerships with some companies in Europe and North Africa that sell 

Recycling company (A)  the PMMA material directly regrind from the same 

sourcing  
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Material that is coming from outside of France must be crushed down already in order for the 

transportation to be financially attractive. If that doesn’t happen, transportation costs would be 

too high. 

They receive spurs, plastics parts refuse by control quality but no complete products and in the 

car industries it is common, that between 3-5 % of the material are sent to recyclers (Supplier1, 

2020) 

The most difficult step is to separate the plastic parts, which is done by hand in order to not 

have any pollution between PC and PMMA. Here the CEO noticed that some rear lights have 

PC and PMMA moulded together. Separating PC from PMMA is difficult and expensive, it can 

be done by crushing them together and then separate the mixture by optical analysis. Still there 

remain some pieces, which can’t be used because of the welding / gluing. At those pieces two 

materials are fused together. After all a good regrind basis is needed to obtain a high qualitative 

regranulated material. But nowadays they sometimes receive material which has been coated, 

this coating is difficult to remove and furthermore it produces black spots after the material has 

been recycled. Recycling company (A) collects red and transparent PMMA from the 

automotive industries and make a recycled red, which they sent to China. They make also a 

black one from mixed coloured PMMA. And only their recycled clear PMMA goes to France 

and Spain. Post-Consumer Material (PMMA) is very difficult to use, because of its 

inconsistency and the CEO is only aware of one company in turkey, which offers post-consumer 

material.  

Their clear recycled PMMA cannot be used in all the same applications as the virgin material. 

It depends on the customers’ requests; many customers use their clear material, but they accept 

some black spots inside. 

Recycling company (A) regranulates only the PMMA only once because the quality 

expectations from their customer are so high and a repeated recycling would reduce the 

properties. So, you lose from the PMMA, nearly 10% of its transmissions, flow index and 

impact resistance each time. 

Overall the CEO said: “The mentality has changed a lot for 25 years, at the beginning people 

were afraid of reintroducing recycling materials because you don’t have traceability, the 

material is polluted, you have many problems to mould again. Now the point of view changed 

a lot: if you don’t propose an alternative to virgin you may lose some business, many big 

producers have now in their own recycled plastic brand. 
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It is becoming a strategic point in companies to use recycled plastics and the price is lower than 

the virgin one. In 2018 when the price of virgin PMMA was high, the recycled PMMA was 

interested because cost was 30% lower. In 2020 with lower prices for virgin PMMA, recycled 

one offers maximum 10% cost saving and is not so interesting. 

6.2. Online survey  
• Online survey on LinkedIn, four weeks, sponsoring of the post  

• 12 participants  

• 17-28 questions, depending on the answers  

• Automotive industry was the focus 

 

6.3. Survey results: Recycling and circular economy  
 

The main findings of the survey show how recycling and circular economy is a main goal and 

challenge, but it is also an on-going trial and error process for many companies. 

In question 8 the participants where asked if their company has sustainability goals and only 

two third answered with yes. From the four users that answered with no, two where coming 

from the region EMEA and two from the region America. As a result, no conclusion can be 

drawn from this, here a bigger participation rate would have been interesting. It could show 

clear differences between regions and other  

The 10 question asked the participants, whether they are using recycling material. Here two 

companies already use post-industrial and post-consumer material. One of those two is a 

supplier for the car industry, who is producing exterior body parts. The other one often stated, 

that he is working for every industry. But in general, it can be said, that the majority is using 

recycling material and only one third is not using recycling material. Those answers came from 

the lighting industry, distribution and automotive industry.  

In question 13 every participant except one, stated that they already implement the possibility 

of recycling in their products.  
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For question 18, the users where asked if they feel pressure from customers for more sustainable 

products and only 5 users said yes. The majority of them was unsure (4) or didn’t feel any 

pressure (3). The deeper analysis showed, that out of those 5 users that said yes, two where 

coming from the building industry, one from automotive and lighting and one is producing for 

every mentioned industry. Here a bigger number of participants could have provided deeper 

insight, whether certain industries are more developed, than others, when it comes to 

sustainability.  

 

In the picture above the results from the question 19 can be seen, for this question it was possible 

to select multiple answers. On top of that two answers came from building and architecture, 

both replied with saying, the pressure is coming from the society. For the one person from the 

automotive sector, the pressure is coming from the market and the legislative. The participant 

out of the lighting sector claims they feel the pressure from the market, the legislative, NGO’s 

and from employees. He / she was also the only one which named NGO’s and employees as a 

source of pressure. With more participants it would have been possible to differentiate between 

different industries.  

 

 

 

 

 

Picture 16 Survey, Question 19 
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6.4. Customer expectations 
 

 

With question 21, the users had to evaluate what they are expecting from a recycling product. 

Here it can be seen that right after improved sustainability, quality expectations are coming. As 

a result, a recycling product only makes sense, if it can match the performance of a virgin 

material. The recycled product has to offer a better sustainability of course, but when it comes 

to the reduction in optical properties, the votes weren’t that unanimous. Here it seems like, that 

some participants have prejudices over recycling material. This aspect could be a topic for 

further research. Since it is unclear what expectations other industries are posing for the usage 

of recyclates. Like previously shown, the car industry is especially difficult, since here 

Picture 17 Survey, Question 21 
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recyclates have to match the performance of virgin material and having two materials approved 

at the same time, means large financial costs. 

In question 22 the user where asked if they know the company Röhm and the product, 

PLEXIGLAS ®, here only 7 people confirmed. This meant that 5 people ended the survey at 

this point and only the remaining 7 answered the last questions.  

Question 24 for asking the users how they rate certain aspects of PMMA. What becomes clear 

here, that for circular economy the participants are split, but they agree on the statement, that 

recycling for PMMA is possible.  

What for example is unclear to many users, is the CO2 footprint of PMMA, here the answers 

where pretty unanimous. Almost the same goes for the sustainability performance of the 

material. It could be possible, that some see the longevity of the material as a part of the 

sustainability aspect and some consider simply the fact, that it is plastic. In general, is this huge 

issue as already mentioned in chapter 1.  

Picture 18 Survey, Question 24 
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Picture 19 Survey, Question 26 

As a last question, it was asked, what Röhm should do. The best feedback got the usage of green 

energy for production. Directly followed by the necessity of a recycling concept. Resulting this, 

should also be a recycling product, which customer voted in the third place  

Controversial viewed, where the idea of compensating the CO2 emissions and the idea of using 

bio-based material. For the usage of bio-based material, two users strongly disagreed at this 

point. But this was expected, since both approaches shift / cause other problems somewhere 

else.  

The two pictures above show similar questions 

from the competitor Covestro. When the option 

lies between renewable energy and alternative raw materials, the majority chose renewable 

energy. But with recycling as another possibility, the majority shifted to that. It appears, that 

renewable energy is part of the strategy in getting more sustainable, but the ultimate goal is 

recycling. Since the survey from Covestro got more votes and has a similar outcome as the 

Picture 20 Survey Covestro, LinkedIn 

Picture 21 Survey Covestro, LinkedIn 
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survey in this thesis, it can be concluded, that despite the low number of participants, the results 

could be accurate.  
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6.5. Recent developments of the MMAtwo project 
 

The MMAtwo project is one of the latest efforts of a PMMA producers to recycle PMMA with 

the chemical / thermal recycling process. For this project 13 different companies came together 

and formed a team that wants to tackle the issue of PMMA waste recycling. They have a total 

budget of 8.9 million € and 6.6 million euros are coming from the EU. (European Commision, 

2018). In the graphic below the individual steps can be seen, as well as the companies 

responsible for the steps.  

 
The reason for this project, is the currently low recycling rate of PMMA which is around 10% 

(30.000 tons) of the annual production in Europe. The majority of PMMA recycling is done 

through a lead-based recycling process (Chemical / thermal recycling)  which however doesn’t 

allow for lower quality PMMA waste to be recycled, according to MMAtwo. On top of that 

recycling is mostly limited to post-industrial waste. Because of this MMAtwo has defined 

targets to improve the situation of PMMA waste (MMAtwo , 2020).  

 

Figure 24 Project Plan MMAtwo, MMAtwo 
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Overview of the MMAtwo project targets:  

• Construct a new PMMA recycling value chain in Europe, covering the whole value 

chain of the PMMA lifecycle with both production waste and end of life waste  

• Avoid down-cycling through reactive recycling (depolymerization)  

• Develop an innovative lead-free technology enabling recycling of lower quality waste  

• Increase waste collection (particularly end-of-life PMMA waste) by boosting public and 

professionals’ awareness of PMMA recyclability;  

• Full recycling of PMMA inside Europe including co-products;  

• High-end products (high optical properties);  

• Reduce energy consumption and CO2 emissions compared to virgin  

• monomer supported by preliminary lifecycle analysis;  

• Positive economic business model;  

• Positive impact on people through supporting recycling technology;  

• Gaining of (academic) knowledge.  

Sourcing of PMMA waste  

 

 

 

 

 

 

 

 

 

 

The graphic above is showing the composition of the PMMA waste that is used for recycling. 

It becomes clear, that the majority is coming from sheets. Interestingly only a fraction of the 

Figure 25 Sources of PMMA waste, MMAtwo 
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waste is coming from greenhouses, this is surprising since they have been a considered as a 

possible source for recycling material by Röhm and furthermore they offer large quantities of 

PMMA in a clear form. The only issue is the uncertainty of when the material will enter the 

waste stream. (MMAtwo , 2020) Collection is in general an incredibly difficult topic for PMMA 

and Heathland was able to identify different waste streams. Now they are able to collect 9.000 

tons of PMMA annually. But the main challenge remains the end-of-life products. As confirmed 

by the co-founder of Heathland Simon van der Heijden “End of life is more hidden and harder 

to collect efficiently” (Sale, 2020) 

Furthermore, car waste could only possibly be found under the category PMMA injection 

regrind in the material that was collected for the trial.  

After the collection phase the material was sorted and pre-treated, which was done for the first 

time automatically. In the next step the material is depolymerised, for this step Arkema and 

JSW Europe used a twin-screw extruder. Here one of the challenges was preventing the MMA 

containing gas from leaking, after that was achieved, they connected the condenser. For the 

heating process the university of Gent helped fine tuning the quality and reaction time of the 

extruder. The depolymerisation of the material was more successful than expected and they 

were able to process more types of waste product than expected. 

But different types of PMMA result, in different quantities of MMA recovered, which can be 

seen in the graphic on the left side. 

The rMMA content varies 

between 64 % and 85%wt, when 

the rMMA has a purity of higher 

than 99%.  

It is however unclear, what 

happens with the material which 

isn’t considered 99% pure MMA. 

Also, car rear lights can offer one 

of the highest MMA yield of all 

waste types. Because of this, rear 

lights would be an attractive 

source of material.    

Figure 26 MMA yield, MMAtwo 
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Besides purity, odour and weathering effects are something, which needs to be monitored when 

it comes to recycling. As stated in chapter 2.5 Chemical / Thermal recycling, it is not uncommon 

that recycled MMA / PMMA has a strong and unpleasant smell. This smell can be problematic 

in some application. Because of this MMAtwo has checked their recycled material by Certech 

© and they found that only 1 out of 6 probes has developed an unpleasant scent. Here it seems, 

that the source of the raw material is responsible for the smell, but no further statements have 

been made regarding that.  

On top of that, they checked whether or not the rMMA was affected by weathering and here it 

can be concluded, that no differences can be seen between recycled and virgin material. 

(MMAtwo, 2020) 

The graphic below is showing a comparison of kilograms CO2 equivalents per kilogram of 

MMA that occur during production. Here it can be seen clearly, how big the savings are for the 

recycled material. But it has to be noted, that some of CO2 values are quite old, so advancement 

in the production and a change to renewable energies could have reduced the gap of emissions.  

 
 

Figure 27 CO2 emissions for different MMA sources, Arkema 
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6.6. Hypothetical analysis of the MMA project based on analysis 

of prices and costs  
 

Currently only 700 kilograms of recycled rMMA with this recycling method exist but selling 

the material will be a challenge in the future. In the interview from the 10.08.2020 for the 

Independent Commodity Intelligence Service (ICIS), Simon van der Heijden (Co-founder of 

Heathland) said: “While there is interest in the market over sustainability, price and the security 

of supply are key factors for any purchasers”.  
Aug. 17 Sep. 17 ….                                   July 20, Aug 20 

Figure 28 MMA Prices, Röhm 
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Pricing is going to be one of the issues for recycled material, he goes on, by saying that with 

low MMA prices lately it is a lot more difficult to turn rMMA into a viable business. On top of 

that, the aim was to be pricewise 10-15 % lower than virgin MMA.  

In the graphic on the previous page the price development of MMA can be seen, from the year 

2017 to 2020. The blue line is showing the mid prices in €/ per t for contract deliveries of MMA. 

Since MMA is the raw material of PMMA, it is good indicator for PMMA prices and show the 

potential prices for recycling material, whether this mechanically or chemically/thermally 

recycled.  

The grey and orange line show how high the prices of MMAtwos MMA would be. Here the 

line is showing also a great variance. In January 2018, the prices were at high of 2525€ per ton 

of MMA. But with corona and a low demand in oil and gas, the prices have plumbed, so 

nowadays only 1750€ per ton have to be paid. That is a price difference of 775€ or -31%. Such 

a price drop can be expected for the recycling material as well, so as a producer of recycling 

material, you have to be able to cope with that. If the price reduction of 15% (MMAtwo suggest) 

is incorporated, then the prices can be reduced even further. So, MMAtwo would get 1,50€ per 

kilogram of MMA. Currently PMMA scraps are sold between 0,30 and 0,75€ per kilogram, on 

average the price is around 0,55€ (Appendix 3, Figure 32 Screenshot PMMA Scrap prices, 

25.08.2020) (Blue line is the average per ton). This means, MMAtwo has to run their operation 

for 0,95 – 1,59€. This small price window already shows how difficult it is to recycle PMMA. 

With a maximum of 1,59€ they need to pay the logistics, the depolymerisation, the employees, 

machines, buildings, marketing and overhead costs and so on.  

They have the option to reduce costs for their processes, but it is unlikely that they will get the 

waste for a lower price. The reason for this, is the fact, that PMMA can be incinerated for heat 

production really well. When PMMA is incinerated only heat, water and CO2 are produced 

(Roehm, 2020). Because of this it is a favourable material for heat production in cement 

productions. 

In the next paragraph it sounds like that, without any governmental or company targets it is 

impossible to sell the rMMA, simply because the costs are too high. This means, recycling is 

only financially viable when the prices are high. Overall the market of recycling material has 

to grow massively, otherwise the costs for sourcing and production are too high. Here the 

economy of scale could be a massive help. So, at this point it all sounds like the classic chicken 

and egg situation, without proper demand, no interest in the high investments is there from the 



95 

market. Because of that, van der Heijden sees the consumer / customer in the duty, he says: the 

more they demand rMMA, the faster the change will happen.  

Another important aspect of the interview from Simon van der Heijden, was the political aspect, 

for this topic he says the following:” Despite this being a partially funded EU project, there is 

no legislation currently in place for this sector. 

Much of the government targets are related to packaging, and so impact products such as 

polyethylene (PE), polypropylene (PP) and polyethylene terephthalate (PET). 

“PE/PP worldwide production is more than ten times that of PMMA, it’s easier to collect and 

[it is a] lower-value material,” said Dubois (Scientific director at Arkema). 

“You consume a lot of energy to depolymerise PE, but you don’t save that much energy, but 

you do when you produce and recycle PMMA; it is a material harder to collect but its value is 

higher – it is similar to the situation with nylon 6 and nylon 6,6,” said Dubois. 

This is an area where the results for R-MMA have been positive, managing to reduce the carbon 

footprint, compared with the main virgin production methods”.  

As seen in the interview above, PMMA recycling is currently not supported by the government, 

reasons for this are its limited uses cases / quantities in different industry. The result is a low 

political interest. Something the PMMA producer could increase in theory.  
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7. Discussion 
In this thesis, possibilities for recycling and circular economy have been discussed  and many 

of the issues correlated with this, were shown. On top of that, the history of recycling for Röhm 

was shown. It is now 28 years later since the first recycling project, and recycling solution for 

PMMA or plastic parts from cars, in general, are still in the minority. On one hand, the 

technology for mechanical and chemical recycling are well researched and viable for 

commercial application. Additionally, sorting solutions are also available, with NIR and eddy 

current, etc...  it is possible to separate different plastic types with high accuracy.  

However, preventing an extensive spread usage of recyclates is the financial aspect of that. It 

starts with the collection of the post-consumer waste, here the amount of locations where the 

trash can be dropped off is gigantic. In comparison, the delivery of the product is optimized 

through various systems, but the reverse logistic is often complicated and expensive. "Everyone 

in the recycling business wants to make money, but that is really hard given the high logistics 

costs " (Speer, 2010). For example, for cars, transportation has to occur from various 

disassembly places in Germany to a few shredder places and from there on the material has to 

be delivered to a sorting facility. Even at the sorting facility, it is not easy to achieve a high 

enough accuracy. While NIR, eddy current, floating separation and camera-based solution can 

be used to separate the waste, they all add costs to the finished recyclates. But many companies 

handle it when it comes to recycling material like Renault: "Recycling initiatives at Renault 

have boosted the use of recycled plastics in new cars and cut purchasing costs on some parts 

but have yet to bring major cost savings for the French carmaker".  

"If we order a piece in recycled plastic, we systematically insist on paying less than if it was 

made from virgin plastic," said Fabrice Abraham, Renault's recycling engineering manager. 

(Speer, 2010). While recycling companies, which use post-industrial material can offer a lower 

price compared to virgin material (10-30%), it becomes a lot harder, when it has to be done 

with post-consumer content. Here the sorting cost, transportation cost and cleaning fees are 

coming on top.  

In times of Covid-19 and low oil prices, the car industry is reducing the usage of recyclates 

almost wholly, since virgin material is very often significantly cheaper. Besides that, the low 

oil price, export issues for outside the EU mean, that too much material is in the market, which 

reduces prices further (Probst, 2020). To understand why recyclates are not widespread, it is 

essential to know the reasons for the usage of recyclates. They are used primarily out of three 

reasons, the first one is the financial one. In this case, the usage of recyclates offers financial 
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savings for the company, or it attracts a new customer. The second one is political nature, here, 

legislative requirements or tax incentives demand the usage of recyclates. A prominent example 

here is the concept of deposit driven return systems for plastic bottles. This system was 

introduced in 2003 and increased the return rates of bottles, allowing for better recycling 

possibilities (Snell, et al., 2017). Third and lastly is the ideological motive. Here the founder / 

CEO of a company is convinced that his business should have the environmental aspect before 

the financial point. A prominent example of this is Patagonia, this company is heavily focused 

on reducing its footprint and is, therefore, using a lot of recycled materials (Patagonia, 2020).  

In an industry, driven by costs like the car industry, it is unlikely to see the usage of recycling 

material, because of ideological motives. But the prices of recyclates are not going to change 

rapidly since they lack the economy of scale, that we have achieved for virgin materials. 

Furthermore, even Röhm is assuring, that costs for PMMA are staying at a consistent level with 

switching the production of MMA to the cheaper Shell gas (Sale, 2019). This change is reducing 

the costs for MMA and is decoupling the prices from the oil/gas prices. So, with low PMMA 

prices, it is almost impossible to achieve a price advantage for recycled material. Yet this issue 

is not only a problem of PMMA, while PMMA has the matter of finding suitable waste streams. 

Other types of plastic do not have that issue, and yet they struggle to become used widespread. 

Here costs are also one of the reasons for that. 

 To change that, legislative changes are necessary. Either they would increase the costs of virgin 

material, with higher taxes or they would demand a minimum recycling content for specific 

products.  

At this point, it could be argued that in a free capitalism world, the government should not 

demand or influence the products produced in their country. When the German government 

would require Daimler, Volkswagen, BMW, Opel and Porsche to use at least 25% recyclates 

in their cars, they would probably claim it is a significant disadvantage. On top of that, they 

would say this is not fair compared to their competitors since it is highly unlikely that this 

regulation could be implemented for foreign car companies as well. Even with this theoretical 

approach, it is doubtful that recycled PMMA would be used. PMMA is simply quantity-wise 

to small, to make a significant impact on such a recycling quote and it is from its optical 

requirements unattractive to replace. So, taxes would be the best option to raise the usage of 

recyclates, they would make it more financially attractive for companies to use them. They 

could be altered over time, to adapt to specific changes in the market, and it would still give 

companies the ability to use virgin material. Also, it is understandable for society, why they are 
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in place. It is about protecting the environment for generations to come. It is similar to the forest 

industry, where the industry is planting trees that one, two or even more generations will harvest 

and appreciate the wood. For example, it takes 180-300 year before an oak tree can be collected.  

When it comes to plastics, return from the usage of recyclates might also take a while until the 

effects can be seen. Still, what would be the downside? Maybe we could not buy all the product 

as cheaply as we now do, we would reconsider our purchasing decisions and consider what we 

throw away. On the other hand, it would create new jobs in the recycling industry, it would 

protect resources, and it would lower the overall CO2 emissions.  

While it seems simple to implement a tax on virgin plastic, it could be not easy in reality. 

Because how do you proof, that this material is recycled / virgin material? The chemical 

properties from recyclates might not vary from the virgin material, so how can someone verify 

they use recyclates. Depending on the price differences, it could become quite lucrative to use 

virgin plastic, which is labelled as recycling material. Another possible issue could be the fact 

that other countries will not follow such laws. This means it could become attractive for 

companies, to produce outside of Germany / EU since it is most likely not possible to 

differentiate a product with recyclates from one out of virgin material.  

Another idea that could promote the usage of recyclates is the introduction of a CO2 tax. The 

idea here is that companies which emit a large quantity of CO2 have to pay for those emissions. 

Such an idea would be an incentive for more efficient production methods and recycling 

methods. Since the MMA production is spread worldwide and a CO2 tax is unlikely to happen 

worldwide, it would probably just mean, that some companies would loss most of their 

business, to competitors abroad. This also a possibility for further research.  

Another question is, do we always need perfection, and this might also be a question for virgin 

material. When it comes to car parts, no black spots or any imperfection is tolerated. But would 

a customer even notice some of those imperfections? Or aren't those imperfections only things 

which are seen under the unforgiving light of the production lines?  

Understandably, perfection is expected when the customers spend 20k, 30k or 100k euros on a 

brand-new car. However, is the desire for perfection still reasonable, or has it already gone too 

far? When we take a rear light, would we notice a black spot in the cover glass or is this 

something, which is only seen under the perfect light in the quality control. Even if we see the 

black spot, would it bother us enough, or would it be something that we could tolerate? A closer 

look onto something similar might help, when recycling paper was introduced, many people 
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did not like the grey touch of the paper. Nowadays, it is entirely reasonable and accepted. Could 

something like that be achieved for cars as well? Maybe it would be accepted if the customer 

gets a discount.  

From an environmental standpoint, it would be great when tolerances and specifications would 

be loosened. It would prevent a lot of waste, which is recycled, but even that needs energy. So, 

by widening the specifications, we would save many emissions, because we have fewer 

products going to waste, and it would make the usage of recyclates easier.  

This is something which should be researched in an experiment. Give two different cars to a 

large group of customers and see what happens. One car is coming directly from the production 

line, and the other one has slight imperfections in some parts. Would someone notice those 

imperfections and how would they feel about it? It does not seem farfetched that many of today's 

quality standards are based on unrealistic external factors. Does a customer inspect a rear light 

from 20 centimetres away to see if it is perfect? 

Or maybe we should ask our self, can we still afford to demand perfection from everything? Is 

our environment still so intact? Perhaps it is now the time, to accept a little bit less perfection 

in products we buy and allow companies to reduce production waste / encourage the usage of 

recyclates. After all the imperfections only influence the optics of the product and not the safety 

of it.  

Another thing that should be considered is the design of the products. For example, pillar trims 

where a one component design (pure PMMA), but they have been transitioned to a three-

component design nowadays: While this design has brought improvements in the assembly of 

the car and the ride quality of the car, it made recycling almost impossible. Overall more parts 

are now glued/welded or injected together, which makes the separation of different materials 

unlikely. Here a change in design or the technology could help to split those parts again. As a 

result, recycling would be more easily possible. Also, we should also ask why do have cars an 

effective recycling quote of 85% and therefore higher than any other product? Maybe recycling 

quotes should be mandatory in other areas as well. Especially in the packing industry and the 

clothing industry, since here the life span is much lower, and the overall volume is much bigger. 

So, savings in those industry would have big effects on the environment.  
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Which role can sustainable PMMA play in the car industry?  

 

Currently around 1.8 kilograms of PMMA are used in the average car, so would it make any 

difference if this amount was produced completely CO2 neutral? Or asking differently is it 

likely that a customer buys a car because it uses only CO2 neutral PMMA? The answer might 

be found in the fact, that only a few brands are able to promote their products in the car. When 

you buy a car from BMW, you are paying for the whole package, it doesn’t matter if the brakes 

are produced from Brembo, Jurid, ATE or Textar. As long as they deliver the promised 

performance, the end customer is not concerned with the producer of the single part. There are 

only a few exceptions to this, the most prominent ones are tires and sound systems. Those two 

parts are often the only place, where the end consumer can see the logo of a different brand. 

Here a company is able to influence the impression of the consumer with their reputation. In 

cases like the rear lights, the end consumer doesn’t know who has produced the rear light and 

whether or not this producer is concerned with sustainability.  

 

Figure 29 CO2 Emissions for a PMMA in the car, own estimation, sources à Appendix 4 
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The graphic above is an estimation of how much CO2 is emitted for the production of the raw 

materials, the PMMA and the finished parts itself. (Source Appendix 4). It can be seen, that the 

production of the MMA has the highest potential for reduction, since it is responsible for 82% 

of the emissions. Here an increased usage of renewable energies could play a major role.  

On top of that 62 kilometres ("#$$	&'()	(+',-./01,2)
455.7	&'()	+',	8)	(/(')

 = 62) driven with the new car and the same 

amount has been emitted (European Environemental Agency , 2020). Nowadays many 

companies offer the offsetting of CO2 emissions, if Röhm would decide to do something like 

this, the costs for offsetting those 7.533 grams of CO2 would vary between 4-5 cents. As a 

result, a CO2 neutral PMMA would / can have no impact in the decision of the consumer. And 

at this point the question becomes, why should Röhm even care to produce CO2 neutral or 

reduced PMMA if the impact would be so insignificant in the car industry. What would be the 

gains for Röhm?  

And as previously shown, car companies are not willing to make any compromise on quality or 

cost. Actually, it is quite the opposite, they expect lower prices when it comes to recycled 

material. So, the chance for Röhm to benefit directly financially from this are slim to none.  

But financial profitability is one of the core functions of a company. In order to survive for an 

extended period, a company needs to make a profit. However, in the case of recycled PMMA 

for the car industry, it is not clear that Röhm would make a financial profit. While it might be 

possible for family owned companies to neglect the profits for an extended period of time in 

one of their sectors, this becomes highly unlikely for stock traded or investor owned companies. 

Here a profit is always expected. This was already said in Milton Friedman article in the New 

York Times Magazine when he said it’s the corporation’s responsibility to turn a profit 

(Friedman, 1970).  

When the society increased the pressure on companies, it is/ was often neglected that companies 

have to turn a profit. It quite often seems like, companies should focus on sustainability for the 

greater good and all this despite an unclear perspective regarding turning it into a profit. 

Companies shall reduce their CO2 emissions, shall recycle and use renewable energy, but the 

willingness for this to pay for is reduced. While this might be possible for companies which sell 

directly to the end consumer, it becomes a lot harder for companies which sell to other 

businesses. And frankly this is where Röhm is doing most of its business. The end consumer of 

cars for example, doesn’t know if the PMMA came from Röhm, Arkema or LG. So, here the 

pressure is coming to Röhm from the car manufacturers.  



102 

Another point can be seen through a thought experiment: Volkswagen decides to use only 

recycled materials, and this would increase the price per car by 400€. Would every customer 

be willing to accept that? And how do you sell it to the customer, when Volkswagen is making 

a record braking profit in that year? Wouldn’t the customer think, now Volkswagen has found 

another way to increase their profits? How do you prevent that customers feel like a fool, while 

also assuring the satisfaction of stakeholders? It is likely, that the customer is asking at that 

point, why do I have to pay for the recycled material, when this company is making billions in 

profit? Is it question of fairness, greed, envy or are we just jealous? Maybe companies need to 

sell it differently and then customers would be willing to pay extra for that.  

Or is it simply the fact, that companies like Volkswagen are more than 80 years old and a part 

of the current environmental crisis is their fault. Here the society views them as partly guilty 

for this outcome and is now not willing to pay extra for cleaning up this mess. Companies like 

Volkswagen have made a profit on that behaviour for a long time and are now expecting the 

society to pay for it.  

In comparison companies like Patagonia, which have been historically environmentally 

friendly, have no issue of selling their products for an additional charge. It almost seems like, 

it is a way of punishment for those old established companies, where we would like to see them 

suffer. They shall suffer by losing their profit for an extended period of time. A possible solution 

might be an apology, where they admit wrong doing, accept a penalty. But that would mean, 

customers need to be willing to forgive. 

It also might be just a question of marketing and the ability to sell it to the customers. Quite 

often it is said, the customer is no willing to pay for more sustainability. However, what if the 

company is just not good enough in convincing the customer into a more sustainable product? 

Or maybe sustainability needs to be combined with additional new product benefits. When a 

company launches a new product, new features could allow for a higher price, but also allow 

sustainability to be included.  

 As a student, who has a bachelor’s degree in management and marketing, selling a sustainable 

product was never discussed during the degree. So maybe it is time to take sustainability and 

the environmental aspect into consideration, when it comes to the education of selling products. 

But all those things, that have been mentioned in the five previous paragraphs, have to be better 

researched, since this was just a quick thought of the author.  
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However, there are only a few cases where it would make sense for Röhm to invest in a more 

sustainable PMMA, the first one is a change in politics, but as shown previously, PMMA 

recycling is not directly supported by the legislative. Another one could be the entering of a 

new competitor like MMAtwo. But while this is a point, which increases the pressure for Röhm 

to become active. It is still questionable whether MMA from MMAtwo is becoming profitable 

anytime soon or can be used in the car industry (quality standards). So, while it can be argued, 

that there is potential for a green PMMA from the environmental side, it is difficult to prove 

that this approach will be financially profitable.  

This can be seen, when the history of similar projects is viewed. MMAtwo is not the first project 

which aimed to recycle PMMA. And is questionable if a simple change in technology is 

changing the financial profitability of those operations. In the graphic below it can be seen, that 

quite a few operations of well-established PMMA producers have existed and have been closed 

again. While the reason for the individual closures are unknown, it is obvious, that recycling of 

PMMA is not trivial and needs a good sourcing, an efficient process, a good end product and 

most importantly customers that are willing to pay for it.  

  

One point where Röhm could see an increased pressure coming from, is the finance industry, 

here it can come from the owner of the company, Advent International. However, this private 

equity firm is only going to peruse increased sustainability, as long as it also benefits their 

profits. This can either be directly or when they sell the company again. So here as well 

sustainability has to increase the profits.  

Figure 30 Screenshot online conference MMAtwo, 15th September, University Ghent 
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Another point where profits wouldn’t directly matter, but still would require improved 

sustainability is the case of credits / investments of financial institutes. For example, Danske 

Bank is “pressuring” companies into improving the sustainability of the company (Danske 

Bank, 2020). Here the bank is seeing a correlation between financial risks and sustainability. 

When the sustainability is too low, the company could pay extra for credits or won’t get the 

best investment conditions. In times where it is easy to get a credit or an investment, this might 

not be an issue. In difficult times, this can save companies a lot of money.  

A possible conclusion can be, that mechanical and thermal recycled PMMA will only play a 

role in the car industry when a company is able to offer it to the car companies for the desired 

price, quantity and especially quality. Until all these three are meet, recycled PMMA will play 

no role in the car industry, simply because the impact of the recycled PMMA would be to small 

and no car manufacturer is willing to pay extra for such a material. A good indicator for when 

it is getting serious for PMMA are other plastic. When PP, PVC or elastomers are used recycled 

in large quantities and in optical application, then PMMA could have to follow.  

It is more likely that the sustainability aspect of PMMA is improved by using renewable energy 

and renewable raw materials. And the part of renewable energy is not fully utilized by many 

companies.  
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8. Conclusion 
 

8.1. Theoretical contribution 
This master thesis contributes to the circular economy knowledge in the automotive industry 

by bringing understanding of the relationships between local firms and suppliers, car 

manufacturers and the producer of the raw PMMA. In the theory of circular economy, it is often 

described, that the main problem of circular economy is the issue of throwing away the material 

and the financial aspect. But as shown with the example of PMMA, it is also often a question 

of achieving the right quality, quantity and consistency over years. For example, for the car 

industry a recyclate has to be consistent for multiple years, but this becomes really difficult, 

when the source of the recyclate is not consistent as well. Here it helps if the material has to be 

black, because colours like red can be difficult, here constant colouring adjustments have to be 

made. Not only the colour is an issue, the type of PMMA can be an issue as well. As with many 

other types of plastic, PMMA comes in a variety of types. Each type has its unique properties 

and makes it ideal for the usage in certain application. For example, PLEXIGLAS ® Heartresist 

FT15 is a molding compound with a higher heat deflection temperature, this allows for parts 

with challenging wall thickness / complex flow path ratios. Recycling of those types now 

means, either it is possible to separate the Heatresist FT15 material from the Resist AG100 

material or the properties of both materials are partly lost. While it is possible to regain some 

of the properties, the workload for this is quite immense. Because the material has to be tested 

in a lab. And those different types of PMMA are one of the reasons why PMMA is only recycled 

post-industrial on a large scale. Because this allows for a greater control of sourcing and therefor 

results in better recyclates. Qualitative recyclates are necessary because of two reasons:  

1.  Those demanding applications are more likely to pay the financial return, needed to 

finance the recycling process.  

2. Other applications would mean a downgrade of the material and mean lower financial 

returns, plus add competition with other materials.  

The previously described issues only apply to the mechanical recycling. With thermal / 

chemical recycling colour and type of the material don’t matter. Furthermore, contamination 

with other types of plastic are almost irrelevant. Nevertheless, the environmental benefits of 

this method are unclear, as described on page 93 with the example of MMAtwo. Here the CO2 

saving vary greatly, between the different sources. Overall it can be concluded, that recycling 
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of plastic is possible, but the sorting needs are often underestimated. Because only qualitative 

recyclates can offer a real value to the market. Otherwise the materials get downgrade and leave 

the economy later. While this might be better for the environment in the short term it is not the 

perfect solution and it is only a solution for mass plastics like ABS, PS or PET. Since here more 

applications exist were optical attributes matter less or none. It is important that we continue to 

use recyclates for those application, nevertheless it shouldn’t become the best option of getting 

rid of the material.  

8.2. Practical implications  
 

PMMA is an excellent candid for the widespread usage of recyclates since it is possible to 

recycle it well with thermal/chemical recycling (Sasaki, 2014) or by using mechanical recycling 

principles. Recycling of PMMA has been discussed for almost 30 years, as shown in the case 

of Röhm. For this case, Röhm wanted to recycle the PMMA with the ABS of the rear light 

housings in order to create new housings for cars. This idea was chosen since the ABS and 

PMMA at the rear light are glued/welded together. Today, these issues still exist, despite all the 

new technologies.  

In the beginning of this thesis the following questions were asked, and those answers were 

found in this thesis.  

What types of production wastes are occurring here? 

During the production of PMMA, run up material is produced, which isn’t colour matching or 

not the right size. All this material is either fed into the machines again or is going to external 

partners for recycling. In total only a minimal fraction is ending up as waste, reason for this are 

often contaminations with other materials.  

What requirements are there for virgin / recycled material?  

The requirements for virgin material and recycled material are the same for PMMA applications 

in the car industry. Both types of material are undertaken the same testing and need to get 

approved by the car manufacturer. As a result, no exceptions are made for the recycling product.  

How much waste is produced as a by-product? What types of waste are produced? 

According to (Supplier1, 2020) 3-5% of the material are by product. Suppliers have runners 

and sprues during the production which they collect and send to recycling companies.  Those 
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pieces can be easily recycled, since they are pure and only one type of material. The other form 

of production waste are complete parts, which are more difficult to recycle. Sometimes they 

can be disassembled and recycled separately as well and in other cases they are used for energy 

recovery. But this depends on the part and its complexity as well. Overall it can be concluded, 

that post-industrial recycling, especially mechanical recycling is well established in the car 

industry. Main reason for this, is of course the financial aspect  

How is the life time of the car affecting the material?  

PMMA is one of the few plastics, which are UV stabile, as a result it shows almost no signs of 

aging over the years. It is mostly affected by impact of small stones and other debris. But besides 

that, PMMA is mostly unaffected from its usage in cars over its lifetime. This stability is one 

of the reasons why it is used in rear lights and pillar trims, since here colour consistency over 

the lifespan is important.  

What happens at the end of the life with car?  

When cars are deregistered (3 million), around 1/6 of them is going to be recycled. All other 

cars are getting exported to other countries. Cars, that are getting recycled, are getting 

disassembled first, in this step all hazardous fluids are removed, as well as airbags and large 

plastic parts. Furthermore, parts like rear lights/ head lights, doors and so on are removed for a 

second-hand market. However, no PMMA waste is collected separately. 

What happens with the rear lights or the pillar trims when the car gets dismantled? 
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When those parts are still in place, they will get shredded with the rest of the car and end up in 

light shredder fraction. From here on it is almost impossible to separate, since the particles are 

small and the share of PMMA is really low. Internally in the company it is estimated that 1.8 

kilograms are used in a car. The small share can be seen well in the graphic above.  

Another result of this small share is the implication in overall CO2 savings for cars. So even a 

PMMA product with 0 emissions, would make no impact on the overall emissions of the car. 

What happens currently with PMMA?  

Currently, the PMMA as well as the other parts of the light shredder fraction, are ending up in 

thermal recovery.  

Can it be separated from current waste streams? 

It is possible to sort a mix waste stream into specific categories (PMMA, PC, ABS, blue 

PET….) by using cameras, infrared sensors or floatation methods. Still, it is not possible to 

separate those welded /glued parts. However, this is important, since only a pure recyclate can 

be used in the demanding application of the car industry, for example. Otherwise, the material 

will be downgraded as it can be seen in picture 5.  

But the sorting of the material is still quite expensive with around 40-70 cents per kilogram. 

Prices, in general, are still an issue, the car industry is expecting lower prices for recyclates, 

than virgin material. However, the post-industrial sector (mechanical recycling) which is able 

Figure 31 Share of different plastics in the Volkswagen Golf over generation, Schmiemann 
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to offer a price difference of 10-30% depending on the virgin material prices. The post-

industrial sector is still quite effective since it has many places where they save costs. For 

example, they do not have to collect the material, they have fewer transports, they know what 

has happened with material and where it comes from. All those factors help to make post-

industrial recycling more transparent and efficient. In comparison, post-consumer material 

often comes from various producers, it is unclear what has happened with the material, it is 

unclear when which type of material will be recovered and in what quantities. The uncertainty 

for post-consumer material, primarily when it is used for mechanical recycling, is much higher.  

Yet consistency is an essential factor for the car industry, they need a source for their material, 

which can deliver the same material over a long time period (years). Because every material 

has to be certified to be used in the specific application.  

At this point, chemical / thermal recycling has the advantage, it minimises the sorting 

requirements massively, it allows to use different colours, types and casted PMMA for the 

recycling process. During the thermal recycling, all those attributes disappear, and pure MMA 

is recovered, and therefore it is almost identical to virgin material. Because of this, many 

competitors such as Arkema and Lucite building PMMA cracking plants.  

 PMMA cracking is already done in multiple Asian countries, here it is used to produce colours 

or cheap plates.  

However, what all recycling systems have in common is the demand for a working waste 

stream, and this is where the issue for PMMA starts. PMMA is not a plastic which can be found 

in large quantities in our municipal waste stream, and instead, it is occurring from project 

business, such as greenhouses or buildings. Some waste is also coming from the end of life 

vehicle, which in theory has a potential volume of 810 tonnes. This volume is, however, not 

nearly enough for the 162 .000 tons which are sold every year in Europe ( (Röhm, 2020).  

So, the biggest issue is getting enough quantities of waste in a condition which is suitable for 

recycling (mostly PMMA, no contaminations) and for a price which is acceptable to the 

recycling company. In order to get those quantities, the CEFIC had the proposal for a standard 

collection system, but they voted against it.  

Is the recycling of PMMA financially viable? And if yes, what are the conditions? 

Recycling for PMMA on the post-industrial level is financially viable and already common 

practice. Margins are varying here from 10-30% depending on the virgin material prices. But 
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for post-consumer material this is not common, currently two large projects are under 

development. The first one is MMAtwo, this is a project of Arkema (MMA producer) and 

Heathland (recycling / waste collector) and several other partners. Target is recycling PMMA 

waste from post-industrial and post-consumer sources while achieving energy reduction of 70% 

and a reduction of 60% in CO2 emissions. (European Commision, 2020). The previous numbers 

where published in the approval for funding from the European commission. On the official 

website of the MMAtwo project, the CO2 and energy savings are different. Here the values for 

CO2 savings are 20% and for energy 30%, which is a significant difference in the reduction 

(MMAtwo, 2020).  The reasons for this can be different boundaries for the calculation, more 

accurate numbers since research was conducted or simply because the variables of the process 

can change the result so much. All this remains speculative and only time will tell, which 

numbers are accurate.  

Another project is from Lucite and Agiliyx (Bailey, 2020), however details for this project have 

yet to be published. Both projects, however have in common, that they want to recycle PMMA 

thermally back to MMA. 

Besides PMMA, the issue of financially viability exist for almost all types of plastic. PET is 

probably the most famous exception for this. Here it helps massively, that customers are 

returning the bottles to centralised collection station. This is reducing the work for sorting and 

collection.  

How much CO2 is saved during the recycling process compared to the production of 

virgin material?  

In the interviews with the recycling companies (post-industrial material) none had done a CO2 

analysis. Because of this, no accurate numbers for CO2 savings can be given. For the thermal 

recycling process, the CO2 can be reduced between 20-70%, here the source of energy for the 

heating process is the deciding factor. 20% without green energy and 70% with  

Where could a recycling material be used?  

PMMA Recycling material usage in the car industry is hard to achieve, since the requirements 

are too high here. Waste from the car industry, can be used Possibilities are the usage in 

extruded sheets, especially coloured sheets, since imperfections could be hidden here. Although 

this means using the material in less qualitative applications and often a reduction in prices is 

coming along with that. 
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What could be done with the material, that doesn’t meet the demanded requirements?  

Material which doesn’t meet the requirement can be thermally processed and MMA can be 

recovered. But in order for this to happen, quantities have to be large enough in order to make 

financially sense. Otherwise the material gets incinerated, simply because it is more profitable.  

Outlook  

For Röhm it would be beneficial if they would cooperate officially with recycling companies 

e.g. Krall, Pekutherm, GMP, those companies could then be referred to, when customers have 

large quantities of waste. By doing so, more material would enter the recycling streams and the 

request for a more sustainable product could be fulfilled. Maybe it is even possible to buy back 

some of the recycled material and incorporate it in some of the Röhm products. Here the 

business unit acrylic sheet could be a possible solution, since for those applications 

requirements can be lower. Further research at this point is necessary and should be done to 

create a closed loop. It is a possibility to use material from the car industry in other industries. 

Furthermore, in discussions with the CEFIC members a united collection scheme was 

dismissed, which could have given the recycling of PMMA another boost. Because of this it 

might be beneficial to reconsider this idea.  

In general customers should be informed about recycling solution, recycling companies and 

how they can help recycling systems with a more recycling friendly design.  

Lastly the idea from R. Blass could be considered again, with new sorting technologies a 

mixture of ABS/PMMA could be created again and offered to customers. Maybe the customer 

acceptance is now higher for such a product and customers would be willing to accept the 

different types of black, when they open up the trunk. 

  



112 

 

8.3. Limitation and future research 
 

The main limitation of this master thesis is the lack of direct data from a survey due to Covid-

19 and the shutdown of all the labs in the company. Here it would be an option to further 

research the effects of recycling on plastic. Whether the effects are coming from mechanical or 

from chemical recycling. As shown in chapter 2 and 3, both methods effect the material and 

change the structure of the material. Especially thermal recycling is still an open field. While it 

has been done in the past as a source of cheap PMMA, it wasn’t well researched how the 

environmental aspect of this method is. At this point the energy source and the distance of 

transportation have a great impact. With temperatures around 400 degrees Celsius heating 

becomes an issue. If heating is done with renewable energy the CO2 emissions for thermal 

recycling can be greatly reduced. But still then the question of transportation is unanswered. 

For example, with one plant in Europe, transportation of the material becomes quite a challenge, 

when material is transported for 700 kilometres and a truck emits 112 grams (Federal 

Environmental Agency Germany, 2020) of CO2 per t per kilometre than: 
"998)∗445	&'()	;<5	/08)

49998&	
= 78,4	𝑔𝑟𝑎𝑚	𝐶𝑂2	𝑝𝑒𝑟	𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚	𝑜𝑓	𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙	𝑎𝑟𝑒	𝑒𝑚𝑖𝑡𝑡𝑒𝑑. As a 

result transportation can make up quite a lot of the overall emissions of the recyclate.  
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Appendix 3 

 

Figure 32 Screenshot PMMA Scrap prices, 25.08.2020 

 

Appendix 4 
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