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Glass fibers are widely used in many industrial areas for numerous different applications. 

The amount of glass fiber waste has increased significantly in recent years due to the long 

life span of glass fiber products. Growing environmental awareness has led to stricter waste 

legislation, which reflects directly to waste management costs. 

In this thesis a concept for recycling glass fiber forming waste is presented. This waste is a 

by-product of glass fiber manufacturing and it is continuous, possibly wet, and hard to han-

dle. Formerly this waste was dumped directly into a landfill but due to legislation such 

method is no longer viable. Aim of this concept is to produce such a recycling line which 

can turn glass fiber waste into a products that has market value.  

Building such a recycling plant is a major investment, in this thesis a total annual cost esti-

mation is investigated. These investments can be divided into onetime costs and annual op-

erating costs. The results indicate that the glass fiber shredder is the largest investment in the 

recycling line, but also the most important part of the process.  
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Lasikuitua käytetään laajalti monilla teollisuusalueilla lukuisissa eri sovelluksissa. 

Lasikuitujätteen määrä on lisääntynyt huomattavasti viime vuosina lasikuitutuotteiden 

pitkän käyttöiän takia. Ympäristötietoisuuden lisääntyminen on johtanut tiukempiin 

jätelainsäädäntöihin, mikä heijastuu suoraan jätehuollon kustannuksiin. 

Tässä diplomityössä esitellään konsepti lasikuitujätteen kierrätykseen. Kierrätettävä jäte on 

lasikuituteollisuuden sivutuote, se on jatkuvaa, mahdollisesti märkää ja sitä on hankala 

käsitellä. Aikaisemmin tämä jäte dumpattiin suoraan kaatopaikalle, mutta nykyisen 

lainsäädännön vuoksi tällainen menettely ei ole enää kannattavaa. Tämän konseptin 

tavoitteena on luoda sellainen kierrätyslinjasto, joka muuttaa lasikuitujätteen tuotteiksi, 

joilla on markkina-arvoa. 

Tällaisen kierrätyslaitoksen rakentaminen on merkittävä investointi, tässä diplomityössä 

tarkastellaan linjastosta koituvaa vuotuista kokonaiskustannusarviota. Nämä kustannukset 

voidaan jakaa kertaluontoisiin kustannuksiin ja juokseviin toimintakuluihin. Tulokset 

osoittavat, että lasikuitujätteen repijä on suurin investointi kierrätyslinjaan, mutta myös 

kaikkein oleellisin osa prosessia.  



 

 

ACKNOWLEDGMENT 

 

I would like to express my gratitude for all those people who made this master’s thesis pos-

sible and supported me along the way. Above all I want to thank my master’s thesis super-

visor prof. Timo Kärki who offered valuable guidance and insight along the way. 

I would also like to extend my gratitude to Lahti Glass Technology's representative Mr. 

Jarmo Näppi who provided an opportunity to research this topic and furthermore, made the 

trip to Germany possible which was educational and provided a lot of useful information. 

Special thanks to both Timo and Jarmo for making it possible for me to finish my master’s 

theses during these challenging times due to COVID-19 pandemic. Some compromises had 

to be done along the way which affected the content of this master’s thesis.   

Last but not least I want to thank my family and friends who have supported and endured 

me during this period. 

 

In Lahti, 22.7.2020 

Mikko Loikkanen 

  
   

  



 

 

TABLE OF CONTENTS 

 

1 INTRODUCTION ....................................................................................................... 8 

1.1 Background ............................................................................................................ 8 

1.2 Goals and limitations ............................................................................................. 8 

1.3 Lahti Glass Technology Oy ................................................................................... 9 

2 LITERATURE REVIEW ......................................................................................... 10 

2.1 EU legislation ...................................................................................................... 10 

2.2 Glass fibers .......................................................................................................... 12 

2.2.1 Manufacturing process ............................................................................. 12 

2.2.1 Energy consumption of the manufacturing process ................................. 15 

2.2.1 Glass fiber types ....................................................................................... 16 

2.3 Glass fiber recycling ............................................................................................ 17 

2.3.1 Mechanical recycling ............................................................................... 17 

2.3.2 Incineration .............................................................................................. 18 

2.3.3 Thermal/chemical recycling .................................................................... 19 

2.3.4 Characteristics of recycled glass fibers .................................................... 20 

2.3.5 Applications for recycled glass fiber ....................................................... 22 

2.4 Fluidized bed drying ............................................................................................ 23 

3 RECYCLING CONCEPT ........................................................................................ 25 

3.1 Recycling process ................................................................................................ 26 

3.2 Layout .................................................................................................................. 32 

3.3 Problems and solutions ........................................................................................ 33 

3.4 Process equipment ............................................................................................... 35 

3.4.1 Metal detector .......................................................................................... 35 

3.4.2 Shredder ................................................................................................... 36 

3.4.3 Dryer ........................................................................................................ 38 

3.4.4 Grinding mill ............................................................................................ 39 

4 RESULTS ................................................................................................................... 40 

4.1 Shredding test ...................................................................................................... 40 

4.2 Cost estimation .................................................................................................... 41 

4.2.1 Estimation of capital costs ....................................................................... 43 

4.2.2 Estimation of operating costs ................................................................... 44 



 

 

4.3 Carbon footprint analysis ..................................................................................... 46 

5 CONCLUSIONS ........................................................................................................ 48 

6 SUMMARY ................................................................................................................ 49 

7 REFERENCES........................................................................................................... 50 

 

  



 

 

LIST OF ABBREVIATIONS  

 

€ – Currency, Euro 

C° – Unit of temperature, Celsius 

μm – Micrometer also known as micron  

ASTM – American Society for Testing and Materials 

CFGF – Continuous Filament Glass Fiber 

CFRP – Carbon Fiber Reinforced Polymer 

CO2 – Carbon Dioxide 

FBD – Fluidized Bed Drying 

FRP – Fiber Reinforced Polymer 

gCO2 – grams of Carbon Dioxide 

GF – Glass Fiber 

GFRP – Glass Fiber Reinforced Polymer 

Hz – Hertz 

kHz– Kilohertz 

kW – Kilowatt 

kWh – Kilowatt-hour 

kWh/t – Kilowatt-hours per ton 

mA – Milliampere 

MJ - Megajoules 

mm – Millimeter 

Nm³/h  – Normal flow rate per hour 

PLC  – Programmable Logic Controller 

t/h  – Tons per hour 

VAC  – Volts Alternating Current 

 



8 

 

1 INTRODUCTION 

1.1 Background 

Glass fibers (GF) are amongst the most versatile materials in the composite industry and 

widely used in various different applications. Glass fibers have been especially successful 

as reinforcement since they ensure a lighter and more durable structures. Majority of the 

reinforced products in composite industry are produced by using glass fibers, as much as 95 

% of all products. The reason for this is glass fibers very attractive performance/price -ratio 

and they can be tailored to meet very specific requirements. (Thomason. 2019.) 

One of the main challenges today is environmentally friendly disposal of composite manu-

facturing waste and discarded products. The amount of fiber reinforced composite materials 

has exceeded 10 million tons in 2015. In the same year there were over 5 million tons of 

reinforcement glass fiber consumed, and even more if the waste from glass fiber manufac-

turing is accounted. This manufacturing waste alone forms approximately 0,5-1 million tons 

of the total consumption. (Thomason & Jenkins & Yang. 2016.) 

According to Lahti Glass Technology Oy reinforcement glass fibers are produced in special-

ized factories. Manufacturing process is not completely wasteless, when there are complica-

tions and the production does not work as planned the waste is formed. Most commonly 

waste is generated in fiber forming stage where fine micron size fiber filaments are gathered 

to form a single fiber yarn and injected with the sizing (water soluble glue). The waste gen-

erated is difficult to handle since it is wet and continuous. Today in many factories this waste 

is just dumped to the yard from where it is eventually transported to a landfill, this is envi-

ronmentally harmful since the waste contains binder plastic molecules. Increased awareness 

has led to developments in landfill pricing and legislative, which is why many companies 

are now searching other ways to deal with their wastes.  

1.2 Goals and limitations 

The aim of this master’s thesis is to develop a recycling plant concept which can process the 

waste glass fiber so that it can be utilized instead of wasting it. This concept is used as a 

basis for plant design. There are problems at different stages of the recycling process that 

must be resolved before fully functional recycling plant can be built. Glass fiber waste should 

be processed in a way that minimize the risk of contamination. Excessive amounts of metal-

lic or other contamination ruins the product and it cannot be utilized.  
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The recycling plant mainly recycles fiber forming waste which is usually continuous fiber 

filament. Therefore, this thesis focuses purely on that and does not contain the treatment of 

reinforced plastics. 

1.3 Lahti Glass Technology Oy 

This master’s thesis was made for Lahti Glass Technology Oy (LGT) which is one of the 

leading suppliers of industrial weighing and dosing systems for glass industry. The roots of 

the company date back to 1908 when the first machine shop was opened in Lahti, known 

today as Raute Oy Corporation. The development of weighing technology was started in 

1914 and in the same year first mechanical scales were manufactured. When automation 

increased the demand for electrical scales grew at the same time, the first electrical scale was 

delivered in 1964. By the 80’s the company had become international and its scope of deliv-

ery had grown form industrial scales to dispensing, bulk handling and related automation. In 

2007 the weighing business was separated from Raute and the name was changed from Raute 

Precision Oy to Lahti Precision Oy. In 2018 Lahti Precision Oy sold its glass business to 

Zippe Industrial GmbH and Lahti Glass Technology Oy was formed (Lahti Glass Technol-

ogy. 2020.) 

The recycling business is relatively new to LGT, they have delivered similar recycling plant 

before but now they want to develop it further, should it succeed the market potential is 

remarkable. This development work is done in collaboration with the company. 
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2 LITERATURE REVIEW 

2.1 EU legislation 

Constantly increasing number of fiberglass-reinforced polymers (GFRP) has begun to raise 

concerns. Despite all the benefits of GFPR-based products, increasing production and con-

sumption will inevitably lead to increasing amounts of waste. Until recent years this waste 

has been dumped into a landfill or incinerated. Fiberglass recycling technology and applica-

tions for recycled material have been researched over the last twenty years and since GFPR-

based products have a long life span (20-25 years), the waste management has only recently 

started to become a problem. These events have led to development in landfill prices and 

legislation which renders the old waste handling methods untenable. (Ribeiro, Fiúza, Fer-

reira, Dinis, Meira, Meixedo & Alvim, 2016.) 

The main objective of directive 2008/98/EC is to “protect environment and human health by 

preventing or reducing the adverse impacts of the generation and management of waste and 

by reducing overall impacts of resource use and improving the efficiency of such use”. To 

achieve this the directive has 5 step waste hierarchy for waste prevention and management. 

These steps in order of importance are preventing, pre-

paring for re-use, recycling, other recovery (e.g. energy 

recover) and disposal. Based on these steps the member 

states must take measures which ensures best outcome for 

the environment, basically this means producing dispos-

able waste as little as possible. The directive declares that 

the member states must commit to fully transparent waste 

legislation and policy process and respect the general en-

vironmental protection principles. In addition, these 

things must also be considered: economic aspects, social 

impacts, protection of resources, human health, and technical feasibility. Member states must 

impose effective penalties for violating provisions of this directive. 

Landfilling waste can cause many potential environmental issues, which are often long-term. 

Contamination of groundwater and surface water systems are some of these possible issues, 

alongside with uncontrollable gas migration and nuisances regarding noise, smell, and visual 

senses. (Carey & Carty & Donlon & Howley & Nealon. 2000). Directive 99/31/EC was 

established to provide “measures, procedures and guidance to prevent or reduce as far as 

Figure 1. Waste hierarchy. 
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possible negative effects on the environment, in particular the pollution of surface water, 

groundwater, soil and air , and on the global environment, including the greenhouse effect, 

as well as any resulting risk to human health”. Landfills can be divided into a three kind of 

classes: hazardous waste, non-hazardous waste, and inert waste. The waste is distributed to 

one of these landfills, depending on its characteristics. Not all waste can be dumped into 

landfill, the directive 99/31/EC states that liquid, explosive, flammable, corrosive and oxi-

dizing wastes along with clinical waste, used tires and other wastes that does not meet the 

requirements in Annex II are prohibited. The directive also states that all dangerous sub-

stances must be removed from the waste before moving it to the landfill.  Records must be 

kept of all waste dumped to the landfill and possible damages to the human health and envi-

ronment must be monitored, there are very strict rules for these in the directive.  

The Directive 2010/75/EU on industrial emissions was established to prevent, reduce, and 

eliminate impacts to the environment from industrial activities as far as possible. This di-

rective contains procedures for monitoring and reducing/eliminating waste from titanium 

dioxide industry, limiting emissions of volatile organic compounds, limiting emissions of 

certain pollutants from large combustion plants, incinerating waste, preventing, and control-

ling integrated pollution. The directive follows ‘polluter pays’ principle, a generally accepted 

method used to assign costs to the parties responsible of environmental damages. The di-

rective declares that member states have to take all necessary measures to ensure that all 

waste combustion, incineration, and co-incineration plants have a valid permit. If the permit 

conditions are not respected and there is immediate danger to human health or environment, 

the responsible plant shall be suspended. The member states must make sure that operators 

use preventive measures against pollution, use best available techniques with efficient en-

ergy usage, take all measures to prevent accidents and deal with waste in accordance with 

the directive 2008/98/EC. In case of any incident or accident happens, the member states 

must take every effort to ensure that competent authority is notified immediately and all 

measures for limiting environmental consequences and preventing future incidents are taken. 

According to the directive 2010/75/EU environmental inspections must be made to each 

installation so that full range of environmental effects can be detected. Data from these in-

spections must be recorded, processed, and presented to competent authority which can ver-

ify that results are within approved range. This directive lays down strict rules in order to 

prevent transboundary movement of waste to cheaper facilities with lower environmental 

standards. (Directive 2010/75/EU.) 
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One of the most efficient way to reduce environmental effects of landfilling is taxation and 

product charges. By increasing the landfill taxes member states are encouraged to research 

methods for recycling and reusing waste instead of landfilling it. Many countries have in-

creased landfilling costs to comply with the provisions of the landfill directive 99/31/EC. 

Especially gate fees have increased remarkably in many countries over the decade. The di-

rective declares that gate fees should cover all costs involved from setting up and operating 

a landfill to closing the site. (EEA report. 2009.) 

2.2 Glass fibers 

2.2.1 Manufacturing process 

Manufacturing glass fiber requires know-how in three areas of technology: glass-making, 

chemistry, and textiles. There is a vast supply of raw materials for making glass fiber, basi-

cally all traditional materials that are required to produce glass. Such materials as limestone, 

silica (sand), magnesium and aluminum oxide (Mallick. 2007). All of these materials can be 

obtained from quarries, since the process is very delicate to contaminations, the purity of the 

raw materials is very important.  

Manufacturing process starts by crushing and mixing all the raw materials into a fine homo-

geneous mixture. This mixture is melted to a liquid state in a furnace which has been heated 

up to ~1600 °C. Molten glass is then shaped into a form of filament by gravitational flow 

through the bushings, during this the temperature is maintained around 1250 °C. These bush-

ings are typically made of platinum and rhodium alloy plates, which has several hundred 

small holes (Ø 0,75-2 mm). When the molten glass emerges from these holes it is mechani-

cally drawn into a continuous fiber filament with desired diameter, usually between 5 to 24 

microns depending on the application. Before these filaments are combined to form  a single 

strand, they are injected with water soluble plastic “glue” also known as sizing. The size is 

applied on the surface of the fibers by applicator which is constantly rotating through the 

sizing bath. (Cevahir. 2017.) 
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Figure 2. Continuous filament forming (Van Der Woude & Lawton. 2010). 

The size is a mixture of carefully chosen ingredients, it binds fibers together and provides 

lubrication and protection for the strand during the process, and influences on the character-

istics of the glass fiber products. Active components in sizing can be divided into three func-

tional groups: film-forming agent, coupling agents and lubricating agents. Sizing properties 

vary depending on the application, the formula is usually patented by the manufacturer and 

kept as a strictly protected secret. (Van Der Woude & Lawton. 2010.)   

Strand coated with sizing is gathered by a winder into a bundle, more commonly referred as 

a forming cake/package. Without sizing the winding process would break the strand due to 

abrasion from contact surfaces. Continuous strand packages are then directed to further pro-

cessing, the following step depends on the application in which the glass fiber strands are 

used. (Van Der Woude & Lawton. 2010.) Below in the Figure 3 is presented different pro-

cessing steps for glass fiber strands.   
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Figure 3. Glass fiber manufacturing (Mallick. 2007). 

  



15 

 

2.2.1 Energy consumption of the manufacturing process 

Manufacturing process of CFGF products consumes a lot of energy. Total amount of energy 

consumed during CFGF production varies depending on the application. According to PwC 

(2016) glass production alone consumes 60-70 % of total primary energy. Downstream pro-

cesses like fiberizing (sizing included), drying, chopping, packaging as well as utilities like 

production of end-product and recycling lines consumes 20-30 % of total primary energy. 

Figures 4 and 5 illustrates the amount of energy consumed while producing one kilogram of 

CFGF product.  

 
Figure 4. Total primary energy consumption (PwC. 2016). 

 
Figure 5. Total primary energy consumption in glass production (PwC. 2016).  
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2.2.1 Glass fiber types 

According to Wallenberger et al. (2001) the type of glass fiber depends on the end use of the 

product. They are usually divided into two categories, general purpose fibers and special 

purpose fibers. General purpose glass fibers are known as E-glass which is used in more than 

90 % of all glass fiber based products. Rest of the glass fiber types are considered as special 

purpose fibers and are only used in specific applications. Many glass fiber types have desig-

nated letter or tradename that refers to its special properties, some of them are presented in 

Table 1 below. 

Letter designation Property or characteristic 

E, electrical Low electrical conductivity 

S, strength High strength 

C, chemical High chemical durability 

M, modulus High stiffness 

A, alkali High alkali or soda lime glass 

D, dielectric Low dielectric constant 

Table 1. Letter designations and characteristic of different glass fiber types (Wallenberger 

& Watson & Li. 2001). 

Two kinds of E-glass are known in the market today, variants that contains boron oxide 

and one which is boron-free. Boron oxide is a harmful gas which is released to the atmos-

phere when glass fibers are melted. Strict regulations concerning emissions led to develop-

ment of boron-free E-glass, which is better known by its tradename Advantex. All variants 

of E-glass are known as general purpose glass fiber due to excellent strength/price -ratio. 

(Wallenberger & Watson & Li. 2001.) 

Special purpose glass fibers include various different glass fiber types which has signifi-

cant commercial value in current market. These glass fiber types are used in specific appli-

cations, they can offer various useful properties like high corrosion resistance, high 

strength, and good thermal resistance along with many other properties. (Wallenberger & 

Watson & Li. 2001.) 

Chemical compositions and mechanical/physical properties of some common glass fiber 

types are presented in Tables 2 and 3.   
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Table 2.  Chemical compositions of different glass fiber types (Sathishkumar & Satheeshku-

mar & Naveen. 2014). 

 

Table 3. Mechanical/physical properties of different glass fiber types (Sathishkumar & 

Satheeshkumar & Naveen. 2014). 

2.3 Glass fiber recycling  

Main reason for recycling is to get extra value out of materials that would otherwise be 

wasted. When recycling FRP wastes, there are mainly three different processes to make it 

happen: mechanical recycling which utilizes size reduction, incineration which makes partial 

energy and raw material recovering possible,  and thermal/chemical recycling which enables 

partial energy recovery and fiber reinforcing.  

2.3.1 Mechanical recycling 

Mechanical recycling of GFRP waste is all about resizing the waste material so that it can 

be utilized in other applications afterwards. Resizing is usually done by crushing, shredding, 

and grinding, depending on desired end result. In terms of reusability, powder and short 

fibers are probably the most used forms. (Ribeiro, Fiúza, Ferreira, Dinis, Meira, Meixedo & 

Alvim, 2016.) 

Mechanical recycling process commonly begins with slow-speed cutting or shredding of 

long fibers to less than 100 mm. If there is any metallic contamination among the fibers, it 
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is removed by using magnetic fields.  Pre-cut fibers are then further shortened to 10-50 mm 

by using high-speed cutting or shredding. At this stage, a sieve mesh is usually used to con-

trol the fiber size by changing the mesh hole size. Further reducing the fiber size requires 

grinding, which will convert the glass fiber into a powder form. If certain particle size is 

required, a sieve mesh can be used to achieve it. (Asmatulu, Twomey & Overcash. 2014.) 

Mechanical recycling is more promising from an economic and environmental point of view 

when compared to incineration or thermal/chemical recycling. These processes cause atmos-

pheric and water pollution through gases and chemical solvents when mechanical size re-

duction is basically pollution free. Machines used in mechanical recycling is much simpler 

and cheaper than ones used in other processes. Nevertheless, it enables larger amounts of 

waste to be processed with higher production capacity. Mechanical recycling is not com-

pletely free of problems, there are safety risks regarding ignition during shredding and the 

end product quality has relatively low value when compared to unused raw materials. (Ri-

beiro, Fiúza, Ferreira, Dinis, Meira, Meixedo & Alvim, 2016.) 

2.3.2 Incineration 

There are differing opinions on whether incineration of waste is counted as recycling or not. 

Many researchers do not count incineration as recycling since there is not much usable ma-

terials to be recovered afterwards. Other researchers like Asmatulu et al. do count it as recy-

cling since the incinerated waste can be utilized in cement manufacturing raw materials. The 

incineration process can also be harnessed to produce part of the energy required in cement 

manufacturing; it has potential to reduce carbon footprint of the process up to 16 %. Inor-

ganic waste materials have very low energy recovery rates, so careful consideration should 

be given to whether incineration is an appropriate way of disposal. (Shuaib. 2016.) 

The incineration process uses heat to decompose waste materials. The amount of energy 

produced depends on the calorific value of the waste material, a higher value equals a higher 

energy production. The amount of organic material in the waste determines the calorific 

value. When waste is burned the organic material works as a heat source, after it is depleted 

the energy production drops significantly. (Asmatulu, Twomey & Overcash. 2014.) 

Incineration has numerous disadvantages when compared other recycling methods. Firstly, 

it is not very environmentally friendly way of recycling/disposing waste since it releases 

emissions to the atmosphere. Also, the residual ashes may contain some harmful chemicals 



19 

 

which can also be a problem. Secondly the benefits from energy recovery depends on the 

amount of organic material in the waste, which is around 30-40 % on typical GFRP compo-

sites. It is debatable whether the benefits outweigh all the disadvantages and costs. (Ribeiro, 

Fiúza, Ferreira, Dinis, Meira, Meixedo & Alvim, 2016.) 

2.3.3 Thermal/chemical recycling 

Thermal and chemical decomposition is most commonly used for CFRP composite waste 

due to carbon fibers high economic value. These methods can recover material and energy 

from recycled waste, the downside is very poor cost-effectivity when recycling small 

amounts of less valuable materials. (Ribeiro, Fiúza, Ferreira, Dinis, Meira, Meixedo & Al-

vim, 2016.) 

Most commonly used process for thermal decomposition is called pyrolysis. In this process 

external heat is applied on the waste material in an inert atmosphere to decompose the pol-

ymer matrix which will remove thermosetting resin from the waste material. Heating of the 

waste material must be done in such environment which has very little oxygen. The lack of 

oxygen will prevent combustion of the volatile materials and allows them to decompose into 

oil and gas. All inorganic parts of the waste material are not affected by this, for instance 

fibers and fillers. These unaffected parts can be recycled and reused in other applications 

after the oil and gases have been separated from them. Energy recovery is possible by cool-

ing the oil and gas which makes it possible to extract them for further use. For example, oil 

can be utilized in fuel production and gas can be used to power pyrolysis process. For suc-

cessful decomposition of the polymer matrix the temperature in pyrolysis process should be 

between 400 °C - 500 °C if the temperature is too low the thermosetting matrix will not fully 

decompose. Pyrolysis may cause strength and fiber length degradation to the recovered glass 

fibers (Wait. 2011.). Pyrolysis process is presented in Figure 6. 
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Figure 6. Pyrolysis process (William et al. 2005). 

In  chemical recycling process resins are dissolved from the waste material by using chemi-

cals. Unlike in thermal recycling, this is done at low temperature which allows fibers to 

preserve most of its strength. Despite this there are still some major downsides involved to 

these processes such as: hazardous solvents, usually requires granulation before processing 

which reduces fiber length and usually leads to poor adhesion to the polymer matrix in reuse 

applications. When recycling GFRP waste, thermal/chemical recycling is not yet economi-

cally viable due to high cost of the plant and low profit from the material. (Ribeiro, Fiúza, 

Ferreira, Dinis, Meira, Meixedo & Alvim, 2016.) 

 

2.3.4 Characteristics of recycled glass fibers 

Glass fibers are the most valuable product extracted from recycled GFRP waste. Using them 

in fiber reinforcing gives many useful properties to reinforced materials like durability and 

resistance against wearing, corrosion and fire. The reason why recycling methods has been 

researched in last decades is to generate new source for glass fibers. If the properties of 

recycled fibers would be similar to virgin fibers, the production of new fibers would decrease 

remarkably. This would decrease the amount of waste landfilled which makes it more envi-

ronmental and economically viable. (Wait. 2011.) 
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According to Shuaib (2016) temperature and time affects greatly to the tensile strength of 

the recycled glass fibers. High temperatures cause thermal stress which will reduce the 

strength of the fibers. Test was conducted by Feith et al. (2011) which showed that the 

strength of the glass fibers started to reduce around 150 °C - 250 °C (heated 2h) which is 

relatively low temperature, since the resin matrix will fully decompose around 400 °C - 600 

°C. They also noticed that any fissures in the fiber surface influenced to the deterioration of 

the single fiber strength. These kinds of fissures could be formed in the handling process of 

the glass fibers so extra caution should be exercised. Heating the glass fibers at temperatures 

below 650°C had no effect on the modulus or elastic stiffness of the fibers (Shuaib. 2016). 

Processing time is also one of the key factors when trying to minimize the damage in glass 

fibers, fast heating and decomposition of the resin is desirable. Processes which are con-

ducted in inert atmosphere like pyrolysis or chemical decomposition have similar effect on 

fiber properties, although chemical methods have shown slightly better results regarding to 

fiber strength. Mechanical recycling process have highest capacity and lowest energy con-

sumption when compared to other processes, but it usually requires downgrading of the fi-

bers to shorter fibers or powder. (Shuaib. 2016.) 

Critical fiber length has been defined for mechanically recycled glass fibers, it is used to 

determine the strength and rigidity of the fiber reinforcement. Variables that can affect to the 

critical length are fiber diameter, traction strength and shear strength of the fiber-matrix un-

ion. Fibers that are at least 15 times longer than the critical length are considered continuous, 

and shorter than that are considered as short fibers. The most ideal length of the fibers for 

fiber reinforcing depends on the application, in the manufacture of micro concrete it is esti-

mated to vary from 6 to 12 mm. (Garcia & Vegas & Cacho. 2014.) 
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2.3.5 Applications for recycled glass fiber 

In order for recycling to be viable, it requires potential applications for reusing the waste 

product. The shape in which the glass fiber is resized in the recycling process dictates in 

what applications it can be used. In case of the fiber forming waste, short fibers and powder 

are the main shapes. Recycled glass fiber waste is mainly used as a filler or reinforcement in 

various different applications.  

Iji &Yokoyama (1995) researched the use of glass fiber resin powder as a filler for epoxy 

resin compounds which they tested in adhesives, paints, and  polymer mortars. They noticed 

that glass fiber powder was better filler than conventional filler materials such as talc and 

calcium carbonate. Glass fiber powder improved the strength properties and decreased ther-

mal expansion of the test products. Conclusion of the test was that glass fiber powder is 

suitable as a filler material in these applications.  

Hemmings (2005) concluded a test in which fiber forming waste was converted into cement 

based materials and products, such as concrete, tiles, mortars, and grout. He noticed that the 

recycled and resized glass fiber waste was well suited for white concrete applications, it 

increased long-term strength and durability and gave pure white color to the product. Prod-

ucts were validated as high performance material that fulfill the requirements of ASTM by 

third party. Also, Garcia et al. (2014) noticed that short fibers may be used in microconcrete 

as a reinforcement. They found out that any impurities like dust or splinters affected nega-

tively on the mechanical properties of the microconcrete. Based on the results of their study, 

their opinion was that the usage of GFRP in the manufacturing of microconcrete is worth of 

further examining. 

Shi et al. (2012) studied the reuse of recycled fibers in fiber reinforced composites. They 

measured the bending strength of the GFRP  reinforced products made with recycled glass 

fibers and virgin glass fibers. Test results showed that the bending strength of the products 

made with recycled glass fibers were 26 % of the ones made with virgin glass fibers. They 

noticed that bending strength of the reinforced products made with recycled glass fibers can 

be dramatically improved with acetone treatment (26 % → 94 %) which makes it viable for 

reuse. Acetone is effective for removing resin impurities without affecting to the bending 

strength of the GFRP.  
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2.4 Fluidized bed drying 

Fluidized bed dryers are most commonly used to dry bulk materials consisting of wet parti-

cles and granulates as well as sludges and pastes. It is widely used due to its many ad-

vantages; it can handle large capacities, removes moisture effectively, it has excellent ther-

mal efficiency and has relatively low operating costs. On the downside, it has high electrical 

power consumption, high pressure drops and has poor fluidization quality for some products. 

FBDs are suitable for various different products such as chemicals, pharmaceutical powders, 

construction raw materials, food, biomaterials, ceramics, fertilizers, polymers and resins, 

recycled materials, and many others. (Mujumdar. 2014.) 

In the conventional drying process, the 

solid particles are fed in the dryer on the 

perforated plate. From the bottom a hot gas-

eous medium is distributed evenly across 

the bed and passes through the product. 

Heat is transferred to the solid particles 

through the gas flow. Fluidized bed is op-

erated by changing gas velocity, when the 

gas velocity increases the pressure drop 

across the bed is also increased. After the 

gas reaches certain velocity (minimum flu-

idization) the bed is fluidized, at this point 

the gas stream supports the weight of the 

entire bed. Fluidization occurs when gas velocity is higher than gravitational force and bed 

resistance, the solid particles are converted to fluidized state when force created by the gas 

flow equals the weight of the particles. Proper gas velocity for each product is usually ob-

tained through testing. Particles with high moisture content require a higher gas velocity 

when compared to dry solid particles due to higher cohesive force of wet surfaces, this may 

cause the bottom layer of wet particles to remain stationary during the initial drying phase. 

By further increasing velocity of the gas, the particle layer undergoes different types of flu-

idization regimes depending on the particle type. (Mujumdar. 2014.) Different regimes of 

particle layers are presented in Figure 8.  

 

Figure 7. Fluidized bed drying principle 

(Binder+Co. 2020). 
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Figure 8. Various regimes of particle layers at different gas velocities (Mujumdar. 2014). 

After passing through the particles gas enters in the area called freeboard region. Some of 

the fine particles is moved to freeboard region by gas, this phenomenon is known as elutri-

ation. For minimizing the elutriation of the fine particles, the exit for the gas should be placed 

high enough. In some cases, elutriation can be used as a means of separating fine and coarse 

particles thus producing two different products. Processes that requires dedusting, gas oper-

ating velocity and exit location should be carefully chosen to achieve optimal results.  (Mu-

jumdar. 2014.)  

 

Figure 9. Fluidized bed drying and cooling system with heat recovery (Binder+Co. 2020).  
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3 RECYCLING CONCEPT 

Glass fiber forming waste is generated when malfunctioning occurs during fiberizing. When 

some problem prevents winding fibers to a roll, all fiber production in that station is directed 

to waste. Such problems could be related to the bushings which are used to squeeze molten 

glass to fibers or perhaps some malfunction in sizing/binder spraying system, or some other 

fault. Fiberizing process is presented in Figure 10.  

 

Figure 10. Fiber forming (Mohr & Rowe. 1978. modified). 

Until recent years this forming waste has been dumped to a yard from where it is transported 

to a landfill. This has proven to be harmful to the environment since sizing/binder is usually 

water soluble polymer, due to its nature it may cause micro plastic contamination by dis-

solving into groundwater. A traditional solution for this has been thermal recycling in which 

the sizing/binder is burned away but it creates fumes which are also harmful, more sustain-

able, and environmentally friendly solutions must be researched to prevent further pollution.  

Increasing awareness and stricter regulations have peaked interest towards waste treatment, 

recycling waste is becoming more profitable than landfilling due to constantly increasing 

waste management costs. By using recycled glass fibers instead of virgin glass fibers, the 

net amount of energy consumption and emissions can be reduced. Purpose of this concept is 

to create environmentally friendly and cost efficient recycling plant which could answer to 

producers demands in the market. Basic principle of this concept is resizing glass fiber waste 

into a such shape that it can be reused in other applications. Recycling is done mechanically 

in such manner that metallic contamination is minimized in the end product since it makes 

it unusable.  
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Fiber forming waste is continuous, possibly wet, and very difficult to handle. Fiber strands 

are strong and forms microfibers when broken which could be a health hazard if not taken 

into consideration. In Figures 11 and 12 is presented the waste prior to recycling.  

 

 

Figure 11. Glass fiber forming waste pile in the yard. 

 

Figure 12. Glass fiber forming waste prior recycling. 

3.1 Recycling process 

The recycling process has been made modular so that the end product can be processed to 

different shapes according to demands. The process is simplified so that it is less energy 

consuming and the equipment has been chosen so that they pose as minimal risk of metallic 

contamination as possible. Different steps of this recycling process are presented in Figure 

13.  



27 

 

 

Figure 13. Modular recycling process.  

Since the glass fiber waste might be formed after applying sizing some may require that it 

must be removed in order to reuse the glass fiber. Therefore, the first step is either to direct 

the waste to a temporary storage or sizing washing station. This station should locate near 

the fiber forming so that it can be washed right after the waste is generated. During washing 

the forming waste is guided through a vibrating chute where it is sprayed with pressurized 

water. This will not probably fully remove sizing from the fiber but reducing the amount of 
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it might open more possibilities for reuse of the end product. Due to simplifying recycling 

process a chemical wash is out of the question, if the need arises for a complete removal of 

sizing it can be implemented afterwards but this thesis will not approach it.  

Glass fiber strands are moved from a waste pile or washing station to the vibrating feeder by 

gripper. For minimizing the risk of metallic contamination gripping is done from above, one 

example of the gripper type is show in Figure 14. 

 

Figure 14. Gripper above glass fiber waste. 

Waste is dropped to the vibrating feeder which will distribute waste glass fiber more evenly 

on the belt conveyor, since there is possibility that the waste is wet there must be drain for 

the excess water. The conveyor belt has to be coarse due the nature of the forming waste, it 

might start slipping if the belt is too smooth.  Metal detecting is done while waste is moved 

through the conveyor, the detector is placed approximately on the middle of the conveyor. 

Since the metal detector will be on the conveyor it is crucial that the waste is spread evenly 

on the conveyor to prevent too high piles which will jam between metal detector and belt 

conveyor. Service platforms are installed on both sides of the conveyor from where contam-

inations can be removed manually if any is detected. Metal contamination of the end product 

should stay as low as possible, since the final process is sensitive to metallic contamination 
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and big metallic pieces could cause damage to the shredder thus causing unnecessary mainte-

nance costs.  

Contamination free glass fiber is moved inside to the shredder where it is resized from long 

entangled strands to shorter fibers ( <10 mm). Shredder is positioned inside a booth to ensure 

safety usage and easier ventilation for the system. When the glass fiber is dropped to the 

shredder it is pushed towards rapidly rotating shaft with cutting knives. Stationary cutting 

knives are located on the opposite side of the mandrel. This is illustrated in Figure 15.  

 

Figure 15. Shredding chamber.  

To ensure that desired fiber length is achieved a sieve is installed around the rotating shaft 

which prevents passage of fibers over 10 mm (Figure 16). The shredding of dry glass fibers 

generates easily harmful dust which can cause potential environmental and health problems, 

so a proper ventilation system is required. Shredder utilizes hydraulic power so it should be 

noted that hydraulic system is installed nearby the shredder. Fine shredded glass fibers are 

moved out of the shredder by screw conveyor which is integrated to the machine. In case 

there is no need for drying or grinding, the shredded glass fibers can be directed straight to 

the silo or used as it is.  
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Figure 16. Sieve around the rotating mandrel. 

Outlet from the shredder is at low position so when drying is required the shredded product 

must be moved higher for making it possible to enter the fluid bed dryer. This is done by 

inclined belt conveyor with corrugated sidewall belt (Flexowell etc.) since the product is 

very fine fiber at this point it cannot be moved with conventional belt conveyor. In the Figure 

17 is presented corrugated sidewall belt.  

 

Figure 17. Corrugated sidewall belt (BeltCo). 

Drying is done by vibrating fluidized bed dryer which suits well with fine materials and large 

capacities. Also, the risk of metallic contamination is extremely low. Due to heat and mois-

ture it requires own ventilation and filtration system.  

Another possible solution for drying is less sophisticated system which utilizes infrared heat-

ing panels and vibrating conveyor since there is mainly surface moisture on the product this 

should also be sufficient. In terms of cost, both systems are a bit expensive. In either case, 
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proper ventilation system is required due high capacity (up to 6 t/h) which causes a huge 

amount of humidity. If fibers are not dried properly, the moisture may cause problems in 

transporting and feeding or cause clotting in the silo.  

Dry product is fed to the vibrating conveyor from the dryer. In case there is no need for 

grinding the product can be moved to the silo with pneumatic conveyor or used as it is. If 

grinding is required, then the product must be moved higher with cleated belt conveyor so 

that it can be fed into the grinding mill. It should be noted that if grinding is included in the 

process, pre-drying is futile since the heat generated during grinding will remove the surface 

moisture from the product. Some grinding mills even require that the product must be wet 

when entering the grinder. In cases where there is grinding mill included in the process, the 

product is moved there straight from the shredder.  

Since the capacity might be as high as 6t/h, conventional glass fiber grinding mills cannot 

be used due to low throughput capacity (commonly 0,5-1 t/h). Suitable grinding mill should 

be selected from the grinders used in mining industry (ball mill, stirred mill etc.) because 

they have much higher throughput capacity. Output size of the grinded product is adjusted 

by a sieve. After the product has been resized to desired shape it is directed to distributor 

which dispenses the product in appropriate batches to the pneumatic conveyor.  

The product is fed into two separate silos, the pneumatic conveyor has a divider that directs 

the product to desired silo. Silos are built so that the bottom opens downwards like reversed 

cone since typical conical silo has risk of clotting due the nature of the product. Both silos 

contain independent ventilation and weighing systems. Bottom of the silo has rotating screws 

which will help when the product must be moved out of the silo and to prevent clotting. 

Before the product can be moved forward it must be directed past rare earth magnet to re-

move all residual metallic contamination. This magnet is positioned right after the outlet of 

the silo.  

Product can be loaded to the truck or big bags depending on the customers desires. Another 

possibility is to install melting oven right after silos so that the product can be melted if such 

need arises. In that case most of the organic compounds (sizing) must be removed from the 

fibers as it causes problems during the melting process.  
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3.2 Layout 

Below is presented one variation of the recycling plant layout. Layout may vary depending 

space limitations of the installation location. However, in this variation almost all the process 

equipment has been placed on the ground level due to vibrating machines which will cause 

strain to the building structures. Silos are exception since they must be elevated high enough 

so that a truck can drive under them. To reduce length of the recycling line the equipment 

has been places side by side, this way the extra room can be utilized for the dryer equipment. 

Between the equipment there must be fairways to allow access to service points as well as 

maintenance platform. No metallic structures should be in immediate presence of metallic 

detector to avoid interference. In case where no drying or grinding is required, silos can be 

moved in line with the shredder. In its most basic form, the line consists of vibrating feeder, 

belt conveyor with metal detector and shredder, all other equipment is considered as op-

tional.  

 

Figure 18. Recycling plant layout. 
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3.3 Problems and solutions  

In order to build a fully functioning recycling system, some problems need to be addressed 

first. These problems are listed below: 

- How continuous fibrous waste is fed smoothly into the feeder. 

- How to remove metallic contamination from the fibrous waste and end product 

- How to prevent contamination during the process.  

- How to ensure size of the product. 

- Drying method for short fibrous material.  

- How to ensure proper operation of storage silos. 

Since waste pile consists of continuous fibrous waste it is very hard to handle and move. 

Best way to move this waste to the feeder is by gripper from above, this ensures that an 

even amount of waste is always fed into the system and the possibility of metal contamina-

tion is minimized. If the waste is moved to the system on a platform, there is a higher 

chance that the waste contains metallic pieces.   

In cases where there is metallic contamination among the waste, it must be detected and re-

moved. After the feeder there is a belt conveyor with metal detector attached to it, and ser-

vice platforms on both side on the conveyor. When metal is detected there must be opera-

tor who removes it from the waste manually, due to nature of the waste automatic removal 

would be extremely challenging. Automatic contamination removal will be implemented to 

the recycling line in the future, but it still requires further developing. If by any chance 

there is some fine metallic contamination in the product after resizing, it must be removed 

before releasing product from the system. For this purpose, there is a strong rare earth 

magnet installed after the outfeed so that the product must pass through it before it is 

moved forward.  This magnet will remove fine metallic particles from the end product. 

Machinery in the recycling line is chosen so that they pose as minimal risk of metallic con-

tamination as possible. It must be noted that there will always remain some risks due to 

malfunctioning and wearing of the parts. But as mentioned before fine particles can still be 

removed at the outfeed, if there is any metallic contamination among the end product it is 

no longer viable for reuse so proper maintenance of the equipment is highly important.  

Many applications require fibers with specific size, so ensuring the correct fiber length is 

crucial part for this recycling line. Since the line may include only one shredder, there must 
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be a way to ensure that it can produce wide range of fiber lengths. This was achieved by 

finding a suitable shredder with sieve around the rotating shaft. Product length can be ad-

justed by changing the sieve according to desired fiber length. By utilizing this technology, 

a fiber length less then 10mm was achieved. Any smaller sizes require grinding mill where 

output size is also adjusted by sieve.  

High capacity of short shredded fibers must be dried in some cases, due to nature of the 

glass fibers there should only be surface moisture on the product. Fibers are dried after 

shredding so the size may vary depending on the application where the product is used. 

Two possible ways to remove surface moisture from the product was researched. Firstly, 

fluidized bed dryer which is very well suited for this kind of materials and has very mini-

mal risk of contamination. Secondly, utilizing infrared heating panels on the vibrating con-

veyor. To ensure proper drying result and minimal risk of contamination, fluidized bed 

dryer was considered to be better solution. Since the product has only surface moisture 

there is no need for separate dryer if the product is grinded after shredding, the heat gener-

ated during the grinding process will remove moisture from the product. 

Short fibers and powder have risk of clotting when stored in the silo, this is why conven-

tional conical silo is out of the question. To avoid this, silos was designed so that the bot-

tom is wider than top, like reverse conical silo. There is also rotating screws installed at the 

bottom to prevent product from clotting. Silos should also be checked at regular basis to 

make sure no clotting has happened.  
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3.4 Process equipment 

3.4.1 Metal detector 

Metal detecting is done by E-Z Tec 9000 RD metal detector manufactured by Eriez. It has 

very high sensitivity due balanced coil technology, which enables detection of ferrous, 

non-ferrous, and stainless steel contaminants. The metal detector is installed around the 

belt conveyor, so it is manufactured according to the dimensions of the conveyor. The de-

sign of E-Z Tec 9000 RD model is detachable so it can be installed or removed at any time. 

Typical industrial applications for this metal detector are mining, plastics and rubber, recy-

cling, glass, chemicals. food and textiles. Technical data of the metal detector is show in 

Table 4. 

Technical data 

Control voltage 230 VAC / 50 Hz or 60 Hz 

Detection signal 24 VDC 300 mA 

Frequency range 1 to 500 kHz 

Operating temperature 0 °C...50 °C 

Dimensions According to conveyor 

Casing material Mild steel, aluminum,  
stainless steel 

 

Table 4. Technical information of the metal detector E-Z Tec 9000 RD. 

The size of metal contaminants that can be detected is determined by sensing distance; 

smaller distance allows the detection of smaller pieces.  The product should be distributed 

evenly on the conveyor to avoid too high piles so that the most accurate detecting can be 

ensured.  Metallic interference should be taken into consideration when installing metal de-

tector, metallic components near the detector may cause problems during use. Illustration 

of the metal detector is presented in Figure 19. 

 

Figure 19. Illustration of metal detector on the conveyor.  
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3.4.2 Shredder 

The shredder is a single-shaft machine with hydraulic drive and load-sensing pusher. It has 

a sieve for ensuring sufficient product size and screw conveyor for discharging the shredded 

product. The shredder is controlled by a programmable logic controller (PLC). A booth is 

installed around the shredder due safety regulations. Operating data of the shredder is com-

piled in the Table 5 below. 

 

Figure 20. Shredder 

 
Figure 21. Safety booth around the shredder. 

Table 5. Operating data of the shredder.  

Size of the shredded product is adjusted by a sieve which is installed around the rotating 

shaft (Figure 16). Due to precise cutting of the glass fiber, the strain on the sieve is minimal 

which allows usage of thinner materials in design. Output capacity of the product can also 

be adjusted by changing following variables: rotator shaft dimensions, amount of cutting 

knives, rotation speed and hole size in the sieve.  

A load sensing pusher is included to the shredder which regulates the pressure on the rotating 

shaft by pushing the glass fiber waste towards it. The speed and force of the pusher are 

interlinked with the function of the rotating shaft. This ensures that the waste material is not 

Operating data 
General 

No. of shafts 1 pc 

Knife material Carbide 

Capacity Up to 6 t/h 

Input material Continuous fibers 

Electrics 

Power 200 kW 

Line voltage 3x400 V / 50 Hz 

Control voltage 230 VAC / 24 VDC 

Material output 

Type Short fibers 

Size < 10 mm 

Operating temperature 

Min. outside 40 °C 

Max. outside -10 °C 

Min. inside 10 °C 

Max. Inside 30 °C 

Operating time 

Working days/week 5 

Shifts/day 2 

Hours/shift 8 

Work time /day 15 h 
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forced onto the rotating shaft which reduces the heat generation. The shaft is rotated by hy-

draulic drive which ensures a resonance free and impact resistant power transmission. These 

together guarantees minimum wearing and energy consumption. 

Shredder utilizes multi-edge cutting technology which has numerous advantages. There is 

air cushion between material and the rotor body which ensures no friction with the material 

during rotation. The system is self-cooling so no heat will build-up during shredding. Cutting 

pieces are positioned at right angle in relation to stationary cutting edges and with precise 

cutting-gap (distance between cutting edges 0.1 to 0.5 mm), this ensures that  there is no 

pulling-in or wrap-around the rotor during shredding. Precise gap also reduces wearing of 

the cutting pieces and lowers power consumption. Cutting pieces are seated deep into the 

rotor body which gives a massive shock resistance to the system. Material of the cutting 

knives is carbide due to its superior durability when compares to steel. Each cutting piece is 

detachable, so they are easy to change if needed. Rotor shaft with knife and stationary knives 

are shown in Figure 22. 

 

Figure 22. Stationary cutting knives (left) and rotating shaft with one cutting knife (right).  
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3.4.3 Dryer 

Drying of the product is done by vibrating fluidized bed dryer. This dryer type is commonly 

used for drying bulk materials with various different grain sizes. It has excellent operating 

efficiency; dryer utilizes the heat generated from the cooling zone in drying which reduces 

the energy consumption up to 15 %. Dryer uses heated air which passes through the product 

and eliminates the moisture. By vibrating the dryer enables optimum drying by preventing 

bubble formation in fine-grained products. Vibration can be adjusted; it affects directly to 

the dwell time and has positive effect on quality. Operating data of the dryer is presented in 

Table 6 and vibrating fluidized bed dryer is presented in Figure 23.  

Operating data 

Capacity 6 t/h 

Input fiber length 0-10 mm 

Output moisture < 0,5 % 

Bulk density ~ 0,7 t/m³ 

Control voltage 230 VAC / 50 Hz or 60 Hz 

Table 6. Operating data of the dryer. 

  

Figure 23. Vibrating fluidized bed dryer (Binder+Co). 
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3.4.4 Grinding mill 

Grinding of the glass fiber waste must be done with grinding equipment that can produce 

very fine grain size and handle large capacities. Such equipment is used, for example in 

mineral mining industry. Traditional glass fiber grinding mills have too low capacity and it 

would require multiple grinding mills to achieve desired capacity which is not viable in eco-

nomical point of view. Accuracy rates of different mineral grinding mills are presented in 

Figure 24, most suitable grinding mill should be selected through testing. Output size of the 

grinded product is adjusted by using a sieve which prevents the passing of too large grains.  

Operating data of the grinding mill is presented in Table 7.    

Operating data 

Capacity 6 t/h 

Input fiber length 0-10 mm 

Output product size 70 μm 

Output moisture < 0,5 % 

Bulk density ~ 0,7 t/m³ 

Control voltage 230 VAC / 50Hz or 60Hz 

Table 7. Operating data of the grinding mill.  

 

Figure 24. Reduction ratios of mineral grinding mills (Metso handbook). 
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4 RESULTS 

4.1 Shredding test 

Shredding is the most critical step in the recycling process and without working solution, the 

recycling would not be feasible. The goal of the shredding test was to resize continuous 

fibers to less than 10mm long with single shredding. This turned out to be problematic with 

most of the shredders available at the market. After a long search one promising shredder 

were found. The testing was conducted in Germany, in the premises of third party. 

Two test runs were made with long continuous fibers. During the test, fibers were fed to the 

shredder by belt conveyor. In shredding chamber, the waste fibers where pushed towards the 

rotating shaft equipped with knives. A sieve with Ø10mm holes were installed around the 

rotating shaft of the shredder. The results with both test batches were consistent and within 

accepTable length. Glass fibers before and after shredding are presented in Figure 25.  

 

Figure 25. Fibers prior shredding (left) and after shredding (right).  

This test was considered to be a success, fiber size after shredding makes it viable for reuse 

as it is. In many conventional recycling plants, resizing long continuous fibers to such a short 

length requires at least two different shredders. By minimizing the required equipment, also 

the overall costs of the line are reduced. This will lead to increased market potential since it 

can offer same end results with lower costs, which is very attractive quality from the buyer’s 

point of view.  
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4.2 Cost estimation 

Setting up a recycling plant is a major investment, in this section, capital costs and annual 

operating costs are investigated. Cost estimation is based on the information received 

through inquiries and data acquired from Lahti Glass Technology Oy.  

Capital costs are one time investment consisting of facilities, equipment, and installations as 

well as design work. Accuracy of the capital cost estimation can vary depending on the pur-

pose, when making investment decisions and budgeting the estimation should be within ac-

curacy range of 10 %. In general estimation the accuracy range of 30 % is sufficient.  (Ellis. 

1988.) 

In this concept, the costs of the facility, installations and design work are based on Lahti 

Glass Technology Oy’s experience and data on previous similar plant designs. Equipment 

prices has been obtained from manufacturers through inquiries. Equipment costs are calcu-

lated according to 6 t/h capacity, lower capacities may affect the price of equipment, for 

example dryer, shredder and grinding mill. 

The annual operating costs consist of all the expenses incurred in operating the recycling 

facility. Traditionally, expenses consist of energy consumption, maintenance, labor, and in-

surances (Ellis. 1988).  

Costs of energy consumption is calculated based on 0.17 €/kWh which consists of electricity 

and its transfer. Except for the heating of the fluidized bed dryer which utilizes natural gas, 

the costs are calculated based on 0.04 €/kWh. Energy consumption values used for each 

major equipment has been obtained from manufacturers. Annual machine operating time is 

estimated to be 2500 hours due to uneven material flow and maintenance breaks as well as 

other fault situations. Since the building is optional, its energy consumption has not been 

assessed separately, as its size varies depending on the recycling line equipment and layout.  

Labor costs includes the salaries of operators and supervisor. In the estimation it is assumed 

that the cost of operator is 25 €/h and supervisor 3600 €/month.  Recycling line is operated 

at daily basis in two shifts by one operator at a time. Annual labor costs are based on the 

assumption that the recycling line is used 15 h/day and 225 days/year. Calculations include 

holiday bonuses which equals to 2,5 weeks salary per worker.   

Maintenance costs includes lubrication, replacement of worn parts (carbide knives etc.), 

maintenance worker and tools. According to Pflueger (2005), the lubrication cost of power-
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based machinery is considered to be 15 % of the machine's energy costs. He also states that 

repairing costs for machinery is approximately 3% of the purchase price if the equipment is 

less than five years old and 5 % if the equipment is more than five years old. A maintenance 

worker repairs and maintains recycling line equipment; heavy machinery, such as a shredder 

or grinding mill, requires regular maintenance to work efficiently. A regular maintenance 

consists of lubrication and changing worn parts, for example shredding knives which are 

subject to high strain due to recycled material. A critical spare part inventory consists of 

parts that are necessary for the operation of the equipment, cost of this inventory is also 

included in the maintenance cost estimation.  

Insurance costs are considered to be 1,2 % of the total investment. Insurances usually covers 

machinery and building, in case of any damages, thefts or breakdowns. Insurance costs for 

the labor is included in the labor costs estimation. 
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4.2.1 Estimation of capital costs 

Cost estimations presented in this section are indicative with accuracy range of 25 %. Engi-

neering of the equipment is included in the equipment prices. In the first part of the Table 8 

the capital cost estimation for simplified basic line is presented, on the latter half there is 

cost estimations for possible options. 

Capital costs 

Basic recycling line equipment €  

Lifting unit w/ gripper 18900 

Vibrating tilting conveyor w/hopper 42700 

Belt conveyor 46900 

Metal detector 11700 

Shredder w/ hopper and booth 515000 

Pocket belt conveyor 83000 

Plate magnet 3400 

Screw feeder (discharge product in big bag) 7500 

Dedusting unit 7400 

Electrification and Control System 108500 

General design and project management 48000 

Freight 14000 

Cost of basic line 907000 

Options € 

Sizing washing station 65000 

Vibrating fluidized bed dryer 431600 

Pocket belt conveyor 83000 

Grinding mill 320000 

Dedusting unit 8000 

Pneumatic conveyor system 49000 

Silos w/ accessories 228600 

Rare earth magnet 33100 

Steel structure manufacturing 412800 

Erection of Building 444800 

Mechanical machinery installation 166800 

Process electrical installation 58400 

Site management/Supervision services 50400 

Total (with all options) 3058500 

Table 8. Estimation of capital costs.  
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4.2.2 Estimation of operating costs 

Estimations in this section are calculated primarily for the main equipment of the basic re-

cycling line, some of the main options are also included. Results in this chapter are rough 

estimates based on the data that was available.  

Energy consumption costs of the shredder is calculated based on the consumption of 50 

kWh/t. For the fluidized vibrating dryer, the energy consumption costs include natural gas 

and electricity usage. Energy consumption of the grinding mill is approximately 30 kWh/t 

when grinding aggregate (density 2,7 t/m³), by comparing densities of aggregate and glass 

fiber (0,7 t/m³) it was concluded that energy consumption would be roughly 10 kWh/t when 

grinding short glass fiber filament. In the Table 9 below the energy consumption estimations 

are based on capacity of one ton per hour.  

Energy consumption costs 

Equipment €/year €/t 

Lifting unit 1700 0,68 

Feeder + Conveyor  3400 1,36 

Shredder 21250 8,5 

Basic recycling line 26350 10,54 

Main options 

Dryer 13625 5,45 

Grinding mill 4250 1,7 

Conveyors 2975 1,19 

Total (with main options) 47200 18,88 

Labor costs 

Operators 95000 € 

Supervisor 45450 € 

Total 140450 € 

Other costs 

Maintenance (basic line) 36245 € 

Insurances (basic line) 10884 € 

Table 9. Estimation of annual operating costs.   
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As can be seen from the Figure 26 below, the shredder and dryer have the highest energy 

consumption in the recycling line. The shredder is under the greatest strain since it has to 

shred large capacity of continuous glass fiber strands with single shredding. Grinding con-

sumes much less energy because it is subjected to a much lower amount of strain due to 

smaller grain size. The "Conveyors" section includes all the conveyors that are listed in cap-

ital costs estimation.  

 

Figure 26. Distribution of the annual energy costs.  
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4.3 Carbon footprint analysis 

When comparing carbon footprints between the production of virgin glass fibers and recy-

cling glass fiber materials, the difference is significant. According to PwC (2016), producing 

1 kilogram of virgin glass fiber products consumes energy approximately 5.5–11 kWh (~ 

20-40 MJ), this is presented in Figure 4. The results indicate that producing 1 ton of glass 

fiber products by recycling consumes energy 62 kWh (with basic recycling line), from there 

it can be determined that recycled glass fiber has energy intensity of  ~0.06 kWh/kg (0.22 

MJ/kg). It should be noted that this value is based on the recycling rate of 1 ton per hour 

which is 1/6 of the full capacity; with higher recycling rate the energy intensity varies.  

Shuaib et al. (2017) conducted similar analysis with fiber reinforced composites, they con-

cluded that the mechanical recycling process consumed energy approximately 0.1 kWh/kg 

(0.37 MJ/kg) when the recycling rate was 30 kg/h. Energy consumption increased to 0.15 

kWh/kg (0.54 MJ/kg) when recycling rate was decrease to 10 kg/h. This can be explained 

by the fact that energy consumption does not decrease in proportion to capacity, resulting in 

higher energy intensity per kilogram. They also studied the impact on global warming with 

different recycling methods and found out that mechanical recycling had the lowest impact 

on global warming due to minor energy consumption. Another similar research was con-

ducted by Howarth et al. (2014). They studied the energy consumption of mechanically re-

cycled CFRP which was evaluated to be 0,075 kWh/kg (0.27 MJ/kg) at recycling rate of 150 

kg/h. They noticed as well that when the recycling rate was decreased to 100 kg/h, the energy 

intensity increased to 0.09 kWh/kg (0.33 MJ/kg). In both cases it was clear that by replacing 

some of the virgin material needs with mechanically recycled materials, the energy con-

sumption could be significantly reduced. Energy intensities between this concept and similar 

studies shows, that consumption values are very similar. 

According to the EEA (2018), CO2 emissions from electricity generation in the European 

Union in 2016 were on average of 295.8 gCO2/kWh. When comparing this value to the 

consumption of the basic recycling line (62 kWh/t), it can be determined that recycling glass 

fiber produces emissions 18 339.6 gCO2/t thus, annual emissions are 45 849 000 gCO2 with 

recycling rate of 1 tons per hour. In comparison, according to Dai et al. (2015) E-glass man-

ufacturing process produces emissions of 157 671 gCO2/t which is roughly 9 times more 

than in recycling process.  
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Below in Figure 27 is illustrated CO2 emissions while producing virgin E-glass and recy-

cling glass fibers. The difference in carbon footprint is significant when comparing the 

two. It can be clearly seen that the amount of emissions generated during E-glass manufac-

turing grows exponentially when compared to recycling process as the amount of produc-

tion is increased.  

 
 

Figure 27. CO2 emissions generated during manufacturing process.  
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5 CONCLUSIONS 

Recycling glass fiber forming waste is not only environmentally friendly but also economi-

cally viable. Landfilling prices are constantly rising, so instead of paying the fees, companies 

can actually profit by selling products made out of waste glass fiber. The company have to 

invest a considerable amount of money in the recycling plant, but at some point, it will start 

to make a profit. In a long run, it is definitely the most sensible solution.   

This concept provides a preliminary plan for the design of an environmentally friendly and 

energy efficient glass fiber recycling plant. Plant concept has been made modular so that it 

can be used to produce wide range of different products. Shredder is the greatest energy 

consumer in this recycling plant, but it should be noted that usually a single shredder is not 

enough to reduce continuous glass fiber strands to such short form (<10 mm). Drying con-

sumes also considerable amount of energy, in cases where product is resized to finer powder 

form, drying is not required.  The reason for this is that glass fiber has only surface moisture 

and grinding will most likely remove it from the product.  

The most difficult part in size reduction is to achieve consistent quality of resized product. 

With many technologies the quality and size vary considerably which renders resized prod-

uct unusable in many applications or at least lowers the value of recycled product. When 

high capacities are required there are some process steps that will inevitably have limitations. 

Shredding and grinding are the most critical process steps because the fiber must be pro-

cessed considerably small while capacity should stay at high level. This will inevitably cause 

“bottle neck” kind of situation with many conventional glass fiber shredding and grinding 

technologies. In mineral grinding these capacities are considered very low, so suitable mill 

should be searched among those. To find the most optimal grinding mill further testing is 

still required due to nature of the glass fiber forming waste, at least the best grinding method 

and energy consumption should be determined through test runs.  

Further development is required to achieve more efficient recycling line, there are currently 

very limited supply of size reduction machines (shredding, grinding) in the market that are 

suitable for this kind of product with such a high capacity. Goals to be achieved would be 

lower energy consumption and better end quality of the product. When the quality of recy-

cled materials is at the same level as that of virgin materials, it has a significant impact on 

the environment since amount of waste and depletion of natural resources are reduced.   
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6 SUMMARY 

Ever-tightening legislations are forcing manufacturers to invent new solutions for the treat-

ment of glass fiber waste. Landfilling fees has risen up to a level where dumping waste to a 

landfill is no longer a viable option. Also, awareness towards environmental issues has in-

creased the pressure to develop more sustainable solutions.  

Glass fiber is commonly used material in many industrial applications. It has an excellent 

price / durability ratio, which makes it a very popular reinforcement material. There is a 

vast supply of raw materials to produce glass fibers, for example limestone and silica 

which can be obtained from quarries. Glass fibers can be manufactured to various different 

shapes and it can be used almost all industrial areas.  

There are various different processes to recycle glass fiber materials like chemical recy-

cling, mechanical recycling, and thermal recycling. At this point of time, only mechanical 

recycling is viable from the economical point of view since other methods are still too ex-

pensive for continuous use.   

Basic mechanical recycling plant consist of delivery system and size reduction system, in 

its simplest form there is only need for feeder, conveyor with metal detecting and shredder. 

If the glass fiber forming waste can be processed small enough it is reusable in various dif-

ferent applications.  For more demanding applications, there are several options that can be 

implemented on the recycling line to achieve more value from the process. 

Setting up a recycling plant requires a significant investment. There are one time invest-

ments which consists of design work, facilities, machinery, and installations as well as op-

erating costs which  includes energy consumption, labor costs, maintenance, and insur-

ances.   
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