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Sammanfattning 

Visionen som ligger till grund för 
detta innovationsprojekt är att nyttja 
GoBiGas-anläggningen, eller liknade 
anläggningar, för materialåtervinning 
av plastfraktioner.  Dessa fraktioner 
som idag enbart återvinns i form av 
energi ska kunna återvinnas genom 
termisk omvandling, vilket är ett steg 
mot en cirkulär ekonomi och kan 
bidra till en hållbar 
materialförsörjning. Detta projekt är 
den första etappen mot denna vision 
med målet att få fram den data som 
behövs för att verifiera möjligheten att 
genomföra en demonstration av 
plaståtervinning via termiska 
processer i industriell skala genom att 
använda GoBiGas-anläggningen. I 
projektet kopplas 
återvinningsindustrin (STENA 
Recycling) samman med 
bulkmaterialproducenterna (Borealis) 
med det övergripande målet att inom 
nära framtiden använda GoBiGas-
anläggningen för materialåtervinning 
av plastfraktioner i industriell skala 
via termisk omvandling. 
 
Målet med projektet var att ta fram underlaget och den information som behövs för 
att i ett nästa steg genomföra en demonstration av plaståtervinning via termiska 
processer i industriell skala. Testerna har genomförts i Chalmers 2MW förgasare 
med plastrika restfraktioner från återvinning av bilar (ASR) och kablar. Chalmers 
förgasare är en dual fluidized bed (DFB) eller så kallad indirekt förgasare där värme.  
Följande övergripande slutsatser kan dras från projektets resultat. 

 Produktgasens sammansättning speglar bränslets polymerinnehåll och 
polymertyp i det avseende att kabelplast som består av huvudsakligen 
polyolefiner skapar ett högre utbyte av olefiner medan ASR genererar större 
mängder aromater som i detta fallet är av störst ekonomiskt intresse.  

 Bäddaskan som bildades under långtidstestet med ASR visade en god 
stabilitet och låg tendens till agglomerering, vilket indikerar vikten av den 
aspekten under sortering, blandning och förbehandling av dessa fraktioner.  

GoBiGas (Gothenburg Biomass Gasification 
Project) är en demonstrationsanläggning i 
Göteborg som är byggd för att producerade 
förnyelsebar biogas genom förgasning av 
biobränslen. Anläggningen är dimensionerad 
för att producera 20 MW biogas. I full 
produktion har den möjlighet att leverera 160 
GWh årligen, vilket motsvarar drivmedel till 
16 000 bilar. Anläggningen invigdes i mars 
2014 och levererade i december 2014 den 
första biogasen till det svenska stamnätet för 
naturgas. Demonstrationsanläggningen var en 
del i den större ambitionen att efter 
demonstration av tekniken bygga en 
anläggning av kommersiell storlek (80-100 
MW) som skulle drivas parallellt med 
demonstrationsanläggningen. Ägare till 
anläggningen är kommunala Göteborg Energi.  
Anläggningen lades i malpåse i april 2018, 
vilket betyder att anläggningen är tömd på 
vätskor och katalysatorer, samt att det sker ett 
kontinuerligt underhåll som gör att 
anläggningen kan startas igen inom 6 månader. 
Source: Wikipedia 
Förgasningsanläggningen i både GoBiGas men 
även Chalmers är så kallade indirekta förgasare 
eller Dual Fluidized Bed (DFB) förgasare som 
består av tå kommunicerande fluidbäddar där 
värmen för att driva förgasningsreaktionerna 
produceras i den andra genom förbränning av 
icke omvandlat bränsle (koks). 



 
 

 4 (30)  
 

  

 

 Den katalytiska aktiviteten som är känd från indirekt förgasning av biomassa 
med olivin som bäddmaterial kan inte upprätthållas under tillförsel av stora 
mängder aska 

 Försöksbränslena genererade stora mängder av reaktivt aska och en 
uppgradering av den befintliga askhanteringen på exempelvis GoBiGas-
anläggningen rekommenderas. 

 Askan som bildades är intressant för vidare återvinning med tanke på 
anrikning av olika ämnen i såväl botten som flygaskan 

 För klorrika bränslen är den indirekta förgasningstekniken en fördelaktig 
teknologi eftersom den visade extrem låg tendens till bildning av dioxiner 

Vid sidan om projektet har de industriella parterna i projektet gemensamt arbetat 
fram möjliga affärsmodeller för materialåtervinning i GoBiGas-anläggningen och 
möjliga liknade anläggningar i framtiden. Projektet gav en möjlighet att arbeta med 
ett realistiskt fall som förhoppningsvis möjliggör en kommersialisering av processen. 
Baserad på resultaten från projektet finns två möjliga utvecklingsvägar:  

a) Direkt ångkrackning av plastavfall bestående av homogena fraktioner för 
produktionen av grundkemikalierna för ny plastproduktion 

b) Termisk behandling av heterogena plastrika avfallsfraktioner som alternativ 
till förbränning med målet att återvinna gas, kolväten och metaller 

Direkt ångkrackning är av högsta intresse för Borealis som strävar efter en 
omställning av befintliga petrokemiska kluster som beskrivet i artikeln “Circular use 
of plastics-transformation of existing petrochemical clusters into thermochemical 
recycling plants with 100% plastics recovery”. Hittills har diskussionerna lett till ett 
gemensamt projekt (P49514-1) ”Utveckling av ångkrackning av plast för en 

transformativ omställning av petrokemiska kluster”. Utöver detta projekt har 
aktiviteter inom SFC-CIGB och projektet (38465-1) “Innovativa 

omvandlingsprocesser vid Chalmers kraftcentral” bidragit till att skapa en gedigen 
kunskapsbas för en sådan utveckling.  

För vidare utveckling av den termisk behandling av heterogena plastrika 
avfallsfraktioner hade tillgängligheten av GoBiGas anläggningen varit av stor fördel 
förutsatt ett utökat miljötillstånd. Att kunna bygga vidare på en befintlig process 
skulle accelerera utvecklingen som krävs för hantering av avfallsfraktioner som 
exempelvis ASR, avfallstextilier och kommunplast skall röra sig mot en cirkulär 
framtid. 
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Summary 

The vision driving this project was to 
use gasification plants such like 
GoBiGas for recycling of plastic rich 
fractions from material recovery. 
Utilization of such material streams, 
which are currently incinerated, is a 
promising step towards a circular 
economy and can contribute to a 
sustainable material supply. This project 
was a first step with the goal to take 
forward the experience and knowledge 
required to go further with a 
demonstration in industrial scale at the 
GoBiGas plant. Relevant industries 
across the material chain were 
participating including material 
recycling (STENA Recycling), and 
producer of bulk commodities 
(Borealis). This constellation is unique 
and provides the potential to pursue the 
vision of thermal material recycling in 
large scale. 

The aim of the project was to produce the documentation and information needed to 
conduct in the next step a demonstration of plastic recycling via thermal processes in 
an industrial scale; more specifically in a dual fluidized bed (DFB). The project 
provided some valuable conclusions which are summarized in the following. 

 The bottom ash formed in long term trial with ASR proofed to be suitable as 
bed material which suggests that even for other waste fractions one aim 
during sorting and pretreatment should be to comprise an ash composition 
that will form a stable bottom ash.  

 Similar catalytic activity as experienced with biomass fuel and olivine as bed 
material is not achievable under such ash load. 

 The amounts and composition of the fly ash requires an upgrading of the ash 
handling in the GoBiGas plant.  

 The retrieved ash is of interest for further material recovery as an enrichment 
in species happens both in the fly ash and the bottom ash.  

 The product composition retrieved from ASR and cable plastic reflects the 
types of polymers dominant in the fuels. While cable plastic yielded olefins to 
a larger degree, aromatic species are most likely the economically most 
valuable fraction for ASR.  

GoBiGas (Gothenburg Biomass Gasification 
Project) is a demonstration plant build to 
produce synthetic natural gas (SNG) through 
thermal gasification of biomass residues. It is 
designed for a production capacity of 20 MW 
SNG equaling 160 GWh yearly production. 
This corresponds the fuel consumption of 
16 000 cars.  
The plant was taken into operation in March 
2014 and delivered gas to the grid for the first 
time December 2014. The demonstration was 
a first step in the ambition of the owner 
Göteburg Energi to build a commercial plant 
of the size 80-100 MW. 
The plant was mothballed in April 2018, 
meaning that it is currently drained of liquids 
and catalysts, while basic maintenance 
continues to facilitate a restart.  
 Source: Wikipedia 
The type of gasification process used in the 
GoBiGas project as well as the one at 
Chalmers used in this project is a so called 
indirect gasifier or Dual Fluidized Bed (DFB) 
gasifier. 
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 Regarding the presence of halogens in the fuel and the tendency to form 
PCDD/PCDF´s during thermal conversion DFB-gasification proofed to be a 
superior choice over combustion. 

An important part of the project was that the industrial partners in the project would 
jointly develop a possible business model for recycling in the GoBiGas plant and 
possible similar plants in the future. The project provided an opportunity to work on 
a realistic case that made it possible to discuss and find openings allowing for the 
commercialization of the process. From the results two principal directions are 
promising with dual fluidized bed gasification as technology base;  

a) direct cracking of relatively homogeneous polymer waste for 
feedstock recycling and  

b) treatment of heterogeneous plastic rich waste fractions as 
alternative to waste incineration, for recovery of gas, hydrocarbons 
and solids 

In line with the direct cracking intensive discussions with Borealis have been 
ongoing, circling around the realization of the transformation proposed in the study 
“Circular use of plastics-transformation of existing petrochemical clusters into 
thermochemical recycling plants with 100% plastics recovery”. So far this has 
resulted in a joint project (P49514-1) ”Utveckling av ångkrackning av plast för en 

transformativ omställning av petrokemiska kluster” and a wider cooperation around 
that topic is under discussion but not yet formalized as of today. 

For this activity this project together with activities linked to SFC-CIGB node and 
the project (38465-1) “Innovativa omvandlingsprocesser vid Chalmers kraftcentral” 

served as the foundation to do the preliminary work.  

 

For the treatment of heterogeneous plastic rich fractions, the next steps are partially 
coupled to the decision around the future of the GoBiGas plant. If the installation is 
taken up into operation again, the viability of the waste treatment by DFB-
gasification can be put into reality with modest modifications of the plant, provided 
the environmental permissions can be extended. Such endeavor should be preferably 
accompanied with an intense effort to dig deeper into the fate of the different 
amounts of recoverable elements.  

Without the acceleration through the utilization of an existing demonstration unit the 
development will be somewhat slower but waste streams like ASR, textile waste and 
consumer plastics require this or similar solutions to move towards circularity. 
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Introduction and background 

When recycling plastics from car recycling, among other things, a residual fraction 
that cannot be used as a secondary raw material always occurs. The residual fraction 
consisting of various plastics mixed with wood, textiles, scraps of metals and other 
inert materials goes today to energy recovery. Steam reform of the same fraction in 
indirect gasification, the material can be recycled in the form of synthesis gas that 
can be circulated back as raw materials for plastic production. Since the material is 
broken down into its constituents, hydrogen and carbon monoxide (synthesis gas) 
and light hydrocarbons, it is possible to make new material out of it without a 
reduction in quality, known as "downcycling". The energy consumption of this 
process requires an estimated 25% of energy, which means that a certain part of the 
recycled material, or an added renewable fuel, is burned to cover this energy 
requirement. In the future, the process also allows replacement of the energy added 
by electricity. This technology brings all fuel (plastic fraction) to one of the two 
reactors that this type of gasification system are built up. In this first reactor, the fuel 
is dropped into an atmosphere of steam and catalyst to produce a nitrogen-free gas. 
The part of the fuel that is not converted leaves the first reactor as coke and is 
transported to a second reactor in the gasification system where it is incinerated to 
produce the heat required for the process. The heat is carried between reactors by 
sand-like bed material. Unlike traditional combustion plants, research in fluid bed 
gasification has shown in recent years that the ash components that create problems 
in combustion contexts act as effective catalysts for controlling and ensure gas 
quality out of gasifier [1-3]. Plastic waste consists largely of 100% volatiles unlike 
biomass that on energy base consists of 70% escape and 30% coke. Thus, if plastic 
waste is mixed with a biomass such as bark in the gasification process applied in 
GoBiGas, you will get all carbon atoms coming from the plastic waste in the product 
stream (100% recycling) and the heat for the process will be produced from a 
renewable fuel (from biomass coke), while biomass ash adds catalytic components to 
make the process work more efficient. Realising the recovery of the residual fraction 
currently going to incineration will broaden the definition of secondary raw 
materials, and is a step towards the circular economy. The constellation Stena, 
Göteborg Energi and Kemiföretagen in Stenungsund unite all the components needed 
to demonstrate a circular economy on an industrial scale, a combination that is 
nowhere else in the world. This, together with an industrial-scale research gasifier at 
Chalmers, complements the industrial installations and minimizes the risk of 
conducting such a demonstration. The innovation project described here is the first 
step towards creating a large-scale demonstration of a circular economy. 

Background 

Stena Recycling has over the years refined its recycling processes to cope with 
requirements for a higher and higher recycling rate. As part of this development, a 
new recycling plant in Halmstad was set up to treat shredder light fraction from 
recycling of complex metal scrap. After as much of the content as can be used for 
primary recycling as possible is recovered, a residual fraction consisting of different 
types of plastics, wood, textiles, and residues of metals and other inert materials is 



 
 

 8 (30)  
 

  

 

pelletized. This residue is amounting to approximately 20000 tonnes per year and is 
recycled currently in the form of energy but in the future rather in the form of 
materials. The purpose of this project is to examine whether it is possible to 
chemically recover valuable components from this and similar waste fractions, such 
as plastic waste from cable stripping. 
Due to the heterogeneity of those fractions thermal transformation processes are 
virtually the only possible road for further recycling. The easiest thing is to burn it 
for energy recovery in a waste facility, but the high calorific value that is 
significantly higher than that of the fuel for which these processes are designed for, 
makes it unattractive as fuel in ordinary waste facilities. This, together with Stena's 
customers benefiting more from the material being converted into new materials and 
creating a cycle, means searching for new processes. The thermal process that could 
do this and be suitable for heterogeneous input is currently gasification. 
Göteborg Energi has over the past 10 years taken an internationally leading position 
in gasification of high-volatile fuels through its drive to produce renewable methane 
from forest waste. Within the framework of the GoBiGas project a plant was built to 
convert about 60,000 tonnes of dry biomass, which corresponds to about 30,000 
tonnes of plastic waste pellets. Methane is the main product where the dimensioned 
production is 160 GWh or 11500 tonnes methane per year. The methane produced is 
more than 96% clean and meets the requirements for the distribution of the gas via 
the natural gas network. 
If you study the process in the GoBiGas plant it becomes apparent that before the gas 
is finally converted into pure methane, it consists of a mixture of methane (11%), 
ethane (3%), carbon monoxide (27%), hydrogen (45%) carbon dioxide (14%), which 
is indeed very similar to the gas produced in the refineries and chemical industries 
from natural gas through steam reforming. The GoBiGas factory is a demonstration 
factory where the aim is above all to demonstrate the gasification technology and 
gasification including the production of a clean gas mixture as the above one for 
example. Since the launch in November 2013, this has been demonstrated 
successfully.  
The GoBiGas factory is dimensioned in size so that there is a possibility of getting 
coverage for your operating costs. However, it requires that there is a business 
interest in the obtained product and that customers of the product can create a 
profitability linked to the high sustainability indices achieved. I.e. make their 
customers pay so that the additional cost to fossil alternatives is covered. 
Potential large customers for methane produced in GoBiGas are vehicle gas selling 
companies (gas to buses and cars), refineries and chemical industries. Locally the 
chemical industries located in Stenungsund where Borealis, Inovyn, Perstorp, and 
Nouryon are some of the most interesting users of the gas from the GoBiGas plant.  
Of those companies Perstorp is currently the one mainly utilizing pure synthesis gas 
i.e. carbon monoxide/hydrogen mixture and can produce new material in the 
configuration that the GoBiGas factory has today. 
With the constellation of Stena, Göteborg Energi and the companies that are part of 
the Stenungsund cluster, all the components needed to demonstrate a circular 
economy on an industrial scale are in place, and this is a combination that is found 
nowhere else in the world. This, together with an industrial-scale research gasifier at 
Chalmers University of Technology, which complements the industrial installations 
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minimizes the risk of carrying out such a demonstration. One of the obstacles that 
needs to be overcome for a demonstration to come into place is to create the right 
economic conditions. If clean biomass is utilized in the form of forest waste, it has 
around the same costs as natural gas which is too high if the customers of chemical 
companies are not willing to pay for the additional cost of moving to renewable 
alternatives. Therefore, other ways must be found, and this is where the plastic waste 
comes in. 
In contrast to biomass-based feedstocks there is a willingness to pay a gate fee for 
plastic waste, which means that the gasification plant can be paid to receive the fuel 
instead of paying as is the case for forest residues. However, the gasification process 
requires the incineration of a certain part of the fuel and the addition of catalytic 
components for the process to function. Results show that components of the 
biomass ashes contribute positively to reaching a catalytic activity in the process 
such as [2, 6], special  potassium, often associated with agglomeration and coating 
problems, have very positive effects. This opens up for potential synergies in the 
process chosen for the GoBiGas plant. In this process all fuel is fed to one of the two 
reactors that this type of gasifier is built up. In this first reactor, the fuel is exposed to 
an atmosphere of steam and a hot catalytic bed material to produce a nitrogen-free 
heap. The part of the fuel that is not converted leaves the first reactor as char and is 
transported to a second reactor in the gasification system where it is incinerated to 
produce the heat required for the process. Plastic waste consists largely of 100% 
volatiles unlike biomass that on energy base consists of 70% volatiles and 30% char. 
Thus, if plastic waste with now own char content is mixed with biomass in a 
gasification process [4] as applied in GoBiGas, all carbon atoms coming from the 
plastic waste will likely end up in the product stream (100% recycling) while the heat 
for the process will be produced from a renewable fuel (from the coke of biomass). If 
you look at the process even more closely, it can be seen that plastic waste contains 
chlorine that will probably reduce the catalytic effect in the gasifier, which means 
that countermeasures are likely to be required. The chlorine will also contribute to 
the formation of dioxins; however, research shows that, contrary to combustion, the 
oxygen-poor environment in the gasification does not promote the formation of 
dioxins [5-8]. 
To enable this, experience of how to set up and control the chemical process in a 
gasifier of the type that exists in the GoBiGas factory is required. The Chalmers 
gasifier which is built and run as part of the GoBiGas project is especially suitable to 
carry out an experimental feasibility study learning how plastic waste and biomass 
mixtures behave in this type of gasification system and thus provide the information 
needed to carry out a future demonstration of recycling via industrial thermal 
processes where the GoBiGas factory or a similar installation is used. 
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Realization  

The project is based on two main experimental trials in the semi industrial 
gasification unit at Chalmers, which is described further down in detail, furthermore, 
results from a trial completed prior to that project with pure polyethylene (PE) are 
utilized as comparison. The overarching aim is to gather knowledge required to run a 
full-scale thermal recycling process for plastic rich waste fractions. For this purpose, 
two such fractions are used in the project. The first one is a pelletized Automotive 
Shredder Residue (ASR) that comprises plastics, foams, textiles, rubber, wood and 
inert material like sand and Creating experience, investigating technical barriers and 
provide operational recommendations for full-scale operation regarding the feeding 
and the operability of plastic wastes in comparison to biomass feedstocks.  
1. Examine the quality of the gas obtained from plastic waste materials 
2. Investigate the impact of various components on the activity of the bed material  
3. Formation of chlorinated organic hydrocarbons under oxygen free steam rich 

Conditions 
4. Give initial indications how relevant substances are distributed to bed materials 

(bottom ash) and fly ash 

 

Experimental Setup  

 
The experiments within this project were done in the Chalmers research gasification 
unit, which is composed of a 2-4 MWth bubbling bed gasifier and 10-12MWth 
circulated fluidized bed boiler. The gasifier is fluidized with steam and the boiler is 
fluidized with air. Details of the system itself and measurements technics used have 
been previously described by Larsson et al. [1]. The schematic of the system is 
shown in Figure 1 together with the location of the sampling points for the gas and 
solids during experiments. Bed material was sampled in two locations, Loop Seal 1 
and Loop Seal 2, while gas was sampled from the raw gas line that connects gasifier 
and boiler. From the raw gas line, two gas streams were taken to determine the 
composition of the permanent gas and aromatic hydrocarbon content (Stream 1) and 
to establish a carbon balance over the system (Stream 2). The gas produced in 
Chalmers gasifier is burnt in the combustor. Olivine was used as initial bed material 
for the ASR gasification while silica sand was used for the gasification of cable 
plastics. 
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Figure 1. Schematic of Chalmers DFB system with sampling points  

 

Materials and fuels 

 
As fuel to the boiler wood chips, with the elemental composition shown in Table 1 
(right), are used. The plastic used as the feedstock to the gasifier was shredded and 
pelletized residue from car recycling process and with the average elemental 
composition given in Table 1. In tests, three types of ASR were used which differ on 
their content of plastic material. The elemental compositions of both ASR fuels are 
given in Table 1. The boiler was fed with additional fuel, i.e. wood chips, with the 
composition given in the same table. As third fuel fed into the gasifier, a residue 
from cable dismantling was used with a mixture of PE and PVC being the main 
fraction. The fuel analyses were done by an accredited laboratory belonging to the 
Research Institute of Sweden AB (RISE).  
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Table 1. Elemental composition of the fuels used in the trials.  Analysis based on dry fuel 

samples. * 

Elemental 
composition 
on dry basis ASR_1 ASR_2 

 

 

ASR_3 

 

Cable 

plastic 

  

Wood 

chips 

Ash, %wt 47 37 32 28  0,7 
Cl, %wt 0,51 0,63 0.64 5,8  N/A 

S, %wt 0,33 0,24 0.19 0,02  <0,02 

C, %wt 33 42 47.0 57  50 

H, %wt 4,2 5,0 5.4 8,5  6,2 

N, %wt 1,3 1,5 1.6 0,02  0,12 

O, (diff) %wt ca 14 ca 13 13 0,66  43,0 

Al, %wt 2,4 1,60 1.5   Al, mg/kg 30 

Si, %wt 6,6 4,8 4.2   Si, mg/kg 110 

Fe, %wt 11,00 8,30 6.8   Fe, mg/kg 20 

Ti, %wt 0,43 0,45 0.43   Ti, mg/kg <10 

Mn, %wt 0,13 0,10 0.08   Mn, mg/kg 70 

Mg, %wt 0,68 0,51 0.48   Mg, mg/kg 240 

Ca, %wt 2,90 2,30 2.1   Ca, mg/kg 1500 

Ba, %wt 0,51 0,34 0.31   Ba, mg/kg 20 

Na, %wt 0,77 0,59 0.49   Na, mg/kg 40 

K, %wt 0,41 0,34 0.33   K, mg/kg 950 

P, %wt 0,13 0,28 0.29   P, mg/kg 80 

Br, %wt 0,03 0,30 0.42     

As, mg/kg 16 9 14     

Cd, mg/kg 17 10 9     

Co, mg/kg 53 750 37     

Cr, mg/kg 690 1400 400     

Cu, mg/kg 5500 5800 5500     

Mo, mg/kg 56 110 37     

Ni, mg/kg 510 730 260     

Pb, mg/kg 1100 660 600     

Sb, mg/kg 190 1200     

Se, mg/kg <10 63     

Sn, mg/kg 150 160     

Tl, mg/kg <10 <10     

V, mg/kg 40 32 25    

Zn, mg/kg 22000 15500 13800    
LHV, 
MJ/kg 13,9 18,0 

 
20,1 

 
27,2 

  
18,19 
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Standard analysis of the gas 

 
The concentrations of main constituents in the produced gas: H2, CO, CO2, CH4 and 
light hydrocarbons (C2- and C3-species) are measured on-line by mGC, Varian 
Model CP4900 equipped with Poraplot Q and MS5A columns. The content of 
aromatic hydrocarbons in the gas was sampled prior to conditioning by using the 
Solid Phase Adsorption (SPA) method and determined by GC-FID [2]. The species 
identified by the SPA method as applied in this work are aromatic compounds with a 
boiling point between those of benzene and coronene (a seven ring aromatic with a 
boiling point of 525 °C) . 
The carbon balance over the gasifier has been closed and analyzed as described by 
Israelsson et al. [3]. The method involves a parallel measurement of the total carbon 
in the gas by means of a high-temperature reactor (HTR). To relate the measured 
concentrations to the fuel conversion, a known flow of helium as a trace gas is used. 
One measurement point represents the average of the values obtained over 30 
minutes of stable operation, where all measurements systems are run in parallel.  
 

Dioxin sampling and measurement 

 
The schematic of the system and points where dioxin measurements took place are 
shown in Figure 2. In order to meet legislation demands regarding allowed emissions 
limits, the textile filter (nr 7 in Figure 2) was coated with lime. The position “GG1” 
corresponds to the sampling point of the raw gas produced in the gasifier. The position 
“FG1” corresponds to the sampling point of the flue gas leaving the combustor, which 
is located after the convection path and before the lime-coated filter, while the 
sampling point “FG2” corresponds to the flue gas at the chimney position.  

The method used for the sampling of dioxins followed the Swedish standard SS-EN 
1948-1 for the determination of the mass concentration of PCDDs/PCDFs. The gas 
was extracted from the corresponding sampling point (GG1, FG1, FG2) and sent 
through a filter, where particulates were removed, followed by an XAD-2 adsorber. 
The temperature of the filter was controlled and was around 20°C during measurement. 
After each sampling, all the equipment was washed with toluene and acetone. The 
adsorbent, washing liquid and particles collected are sent to an accredited laboratory 
(ALS Scandinavian AB) for the analysis of 17 toxic congers of PCDDs/PCDFs. The 
confidence levels of the analysis are reported to be 95%. Before measurement, a blank 
sample was taken.  
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Figure 2. Schematic of Chalmers Dual Fluidized Bed system. Dioxin sampling.  

Bed material sampling and analysis 

Samples of the bed material, which circulate through the system, and the fly ash from 
the secondary cyclone (6 in Figure 2) were collected on several occasions during the 
tests and sent for elemental analysis to the accredited laboratory Research Institute of 
Sweden AB (RISE). The sampling was done with the specially constructed water-
cooled probe. The bed samples were further analyzed by Scanning electron 
microscopy with energy dispersive X-ray spectroscopy (SEM/EDX) to observe 
critical changes in morphology and gain the information about its interaction with 
ash elements.  
 

Experimental matrix 

The report contains results from three experimental trials:  

1. Investigation of the product distribution and the effect of ASR-ash on the activity 
of olivine 

2. long duration test with ASR, bottom ash enrichment and dioxin measurements 

3. cable plastics gasification 

 

Product distribution and the effect of ASR-ash on the activity of olivine 

The experimental campaign was designed so to give answers on two questions: (i) 
what the distribution of product fractions and possible use of the product gas is; and 
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(ii) what the effect of high ash content in the fuel on the activity of olivine bed is. 
The experiment lasted four days in total. From the beginning of the operation, the 
olivine bed was active as it was run in the system for two weeks with woody biomass 
as fuel prior to the ASR gasification experiment. In this experiment ASR_1 was 
used. 

To study the gasification process and product distribution change over time of the 
operation compared are three cases: (i) the beginning of the ASR gasification, when 
olivine bed was active and it had interacted with biomass ash only, i.e. the olivine 
was free of ASR ash (Day 1); (ii) the operation with accumulated ASR ash in the 
system, when no regeneration/exchange of the olivine bed (no ash removal) has been 
done (Day 2); and (iii) the operation with regenerated bed, when 3,4 tons of the bed 
inventory (olivine + ASR ash) has been exchanged by fresh olivine bed (Day 3). 
Considering the ash fraction in the fuel, it can be calculated roughly that the second 
day of the experiment olivine bed was enriched with around 1 ton of ash (correspond 
to 30% of the bed inventory). The third day of the experiments, even though high 
grade of regeneration was done, it is expected that some ash fraction remained in the 
system. However, regarding the activity, the state of the bed on the third day should 
be considered more like non-active olivine.  
In table 2 the matrix of three-day experiment with operational conditions used is 
presented.  During Day 1 and Day 2 the process was run at two temperature levels, 
820°C-775°C and 840°C-790°C, respectively. After regeneration of the bed 
inventory, on Day 3 process temperature was 810°C. Circulation rate of the bed 
inventory in the system was kept as constant as possible during the experiments to 
exclude its possible effect on the process.  

Table 2. Description of experimental points. ASR gasification. 

Operational 

point 

bed material 

status 

Fuel 

flow, 

kg/h 

Bed, °C Raw 

gas, °C 

Day 1 Start of 

operation 

with ASR 

375 820/775 745/722 

Day 2 second day 

of operation 

with ASR 

372 840/790 767/730 

Day 3 Regeneration 

of 3,4 tons of 

the bed  

370 810 738 

 
The matrix of the second set of experiments, which gives an insight in chemical and 
physical change of the state of bed inventory is given in Table 3: (i) gasification of 
wood pellets with active olivine bed prior ASR gasification and (ii) gasification of 
wood pellets with bed after the ASR gasification, when it has interacted with ASR 
ash. Cases are compared with a case when the bed was non-active olivine bed.  
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Table 3. Description of experimental points. Wood pellets gasification. *Reference case 

evaluated in work of Berdugo [4] 

Operational 

point 

bed 

material 

status 

Fuel low, 

kg/h 

Bed, °C Raw gas, 

°C 

*Reference 

case  
Non-active 

olivine bed 
290 816 726 

Active olivine Very active 

olivine bed 
300 816 744 

ASR ash-rich 

olivine 

Olivine bed 

enriched by 

ASR ash 

296 810 744 

 

Long duration test (ASR), bottom ash enrichment and dioxin measurements 

 

This work includes results from an experimental campaign in which 3 batches of 
ASR were gasified, corresponding to. The first batch had a higher ash content, 43% 
in mass on a dry basis, as compared with the second and third batches, which had 37 
and 32% ash, respectively. In total approximately 45 tons of ASR were gasified 
during that period. The initial bed material was fresh olivine which was gradually 
replace by ash entering the system as part of the fuel. The experimental conditions 
varied over the total period of 13 days within the range given in Table 4. 

Table 4. conditions during the long duration test.  

Boiler 

bed °C 

Boiler 

top  °C 

Gasifier 

bed °C 

Fuel, boiler (Wood 

Chips), kg/h 

Fuel, gasifier 

(ASR), kg/h 

Steam flow 

gasifier, kg/h 

850-900 850-900 790-835 Around 1500  240-305 110-160 

 

A detailed description of the first week of operation which was focused on dioxin 
measurement can be found in Maric et al. More details about the operational 
conditions during week 2 and 3 can be found in Pissot et al. 

cable plastics gasification 

 
The cable plastic residues derived from the metal recycling of Medium and High 
Voltage wires and were provided by STENA recycling. This cable residue comprises 
mainly cross-link polyethene (PEX), and polyethene (PE) as well as approximately 
10% of chlorinated plastics, largely Polyvinyl chloride (PVC).  
 
The boiler was fluidized with air and fed wood chips at ca 850°C, whereas the gasifier 
was fluidized with steam and fed with cable plastics. The gasifier was operated at 
790°C and fed with ca130kgdaf/h and fluidization of 160kg/h of steam. Contrary to 
ASR, silica sand is used as a bed material for heat transport between the reactors.  
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Result and discussion 

The Results are presented in accordance with the defined research questions 

1. Creating experience, investigating technical barriers and provide operational 
recommendations for full-scale operation regarding the feeding and the 
operability of plastic wastes in comparison to biomass feedstocks.  

2. Examine the quality of the gas obtained from plastic waste materials 
3. Investigate the impact of various components on the activity of the bed material  
4. Formation of chlorinated organic hydrocarbons under DFB Conditions 
5. Give initial indications how relevant substances are distributed to bed materials 

(bottom ash) and fly ash 

 

Experience, technical barriers and operational recommendations  

The Chalmers plant of 2 MW thermal input can be considered small in regard to a 
potential industrial scale operation, however large enough to generate results that are 
scalable. This is even true to some extend regarding environmental permissions. 
Even though treated as a research plant legislation regarding the “combustion of 
waste” was followed regarding the requirements for temperatures, residence times, 
sampling and analyses given in “Förordning (2013:253) om förbränning av avfall”. 
Here, it must be pointed out that the regulations primarily apply for the coupled 
combustor, and the emissions thereoff.  

In total four weeks of operation with plastic rich fuel mainly ASR were performed 
corresponding to 45 tons of fuel. Main purpose of this long duration was the focus on 
ash related effects on operation. From this trial the following experiences, 
conclusions and operational recommendations regarding adequacy of the fuel, 
agglomeration tendencies, ash deposits and handling and emissions from the process 
are drawn. 

During the four weeks trial no agglomeration tendencies were observed in the bed 
despite the ash content being extensive. The original olivine was stepwise replaced 
by the added ash forming a new bed material with oxygen carrying effects. The ash 
content in the bed was estimated to being 80 percent at the end of the trial.   

The amount of fly ash was large in comparison to the amounts from biomass 
gasification and the ash created deposits in the raw gas channel, which is a refractory 
lined almost horizontal construction between the gasifier and the inlet ports for the 
flaring of the gas. This is considered a design issue that is easily solvable considering 
that non greater issues were observed in the flue gas lines and convection path of the 
boiler. Some deposits were noticed in the cyclone but were easily removable under 
yearly summer stop of the plant. The other aspect worth to mention regarding the fly 
ash is the reactivity in combination with water. Here especially the presence of 
aluminum chlorides needs to be mentioned.  This is however well-known from the 
operation of waste incineration plants. 
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Considering the high amounts of chlorine in the fuel the formation of Dioxins and 
furans was given special focus. Here, it can be concluded that dual fluidized bed 
gasification is an outstanding choice of technology for the treatment of chlorine 
containing waste fuels. The absolute absence of oxygen in the gasification section 
distinguishes the dual fluidized bed gasification not only from combustors but as 
well from direct gasification technologies. The results indicate a suppression of the 
otherwise occurring formation of dioxin precursors.  

Generally, the fuel can be considered very suitable for gasification as it is easy to 
feed, has a low humidity content which is beneficial for efficient gasification and 
creates its own bed material as the bottom ash is stable against agglomeration. The 
emissions of the containing heteroatoms need to be handled accordingly and 
gasification has shown to be a very suitable process in that context due to its low 
oxygen partial pressure limiting the formation of toxic species. Researcher at 
Chalmers have even identified potential for further recycling from both the bottom 
and the fly ashes.  

Quality of the gas obtained from plastic waste materials  

The initial experiment with ASR lasted three days in total. Starting the operation, the 
olivine bed was active as it was run in the system for two weeks prior the ASR 
experiment. To study the gasification process and change in products during the time 
of the operation compared are three cases: (i) the beginning of the ASR gasification, 
when the olivine bed was active and ASR ash free; (ii) the operation with 
accumulated ASR ash in the system, when no regeneration (no ash removal) has 
been done; and (iii) the operation with regenerated bed, when 3,4 tons of the bed 
inventory (olivine + ASR ash) has been exchanged by fresh olivine bed. Considering 
the ash fraction in the fuel, it can be calculated roughly that on the second day of the 
experiment the olivine bed was exposed to around 1 ton of ash (in comparison the 
total bed inventory is 2,5-3 tons).  
The yields of permanent gases measured for three different states of the bed 
inventory are displayed in Figure 3. The results are showing a strong decrease in H2 
with the accumulation of the ASR ash in the system. This is a consequence of the 
oxygen transport by the increasing metal containing share of the bed inventory. The 
yields of all other gaseous components are decreasing as well but to lower extent 
compared to hydrogen. With the regeneration of the bed inventory (Day 3 on the 
figure), the highest influence is seen on the CO2 yield which decreases, while a slight 
increase is seen for other species. Temperature effect on the composition of the 
produced gas is showed in the Figure 4. Yields of permanent gases produced on three 
different days. Higher temperature benefit to the yield of the produced gas. Yields of 
H2, CO, CO2 and CH4 are higher while C3-fraction decreased in yield. C2-fraction is 
not affected by temperature which is somewhat anticipated considering its stability.   
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Figure 3. Yields of permanent gases produced: on three different days  

 
Figure 4. Yields of permanent gases produced: during day 2 at different temperatures  

 
The spectra of heavy hydrocarbons in product gas is presented in Table 5. Yields of 
hydrocarbons in produced gas for three days of experiments, [g/kgdaf fuel]Error! 

Reference source not found.. Included are 29 known tar species (for which the GC 
FID was calibrated), while detected but unidentified species in the same range of 
boiling temperature are given as a sum. As the table shows, high yields of heavy 
hydrocarbons are present even in the beginning of the operation when the bed 
inventory was consisting of active olivine pointing towards a strong impact of the 
fuel structure on the formation of heavy hydrocarbons. Enrichment of the bed by 
ASR ash on the second day of the operation did not affect the total content of the tar 
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species significantly. No effect on total tars has been provoked by the bed inventory 
regeneration either. However, a slight change in yields of benzene and 1-ring 
components can be seen.  
An interesting observation is that the majority of measured tar species are distributed 
between benzene, toluene, styrene and naphthalene, which makes around 70 % of 
total tar where around 40 % goes to benzene. If such fraction can be extracted it is of 
considerable value for the chemical industry.  

Table 5. Yields of hydrocarbons in produced gas for three days of experiments, [g/kgdaf fuel] 

Tar specie 

Day 1,  

g/kgdaff 

Day 2,  

g/kgdaff 

Day 3,  

g/kgdaff 

Benzene 37,15 35,71 34,94 

Toluene 8,78 7,89 8,33 

p-Xylene 0,78 0,69 0,77 

o-Xylene 0,26 0,06 0,00 

Styrene 6,84 7,10 7,38 

Methylstyrene40 0,33 0,33 0,36 

Methylstyrene60 0,27 0,28 0,30 

Phenol 0,75 0,72 0,93 

2,3-benzo(b)furan 0,22 0,20 0,23 

Indene 1,69 1,63 1,96 

o-Cresol 0,03 0,05 0,05 

p-Cresol 0,09 0,08 0,10 

1,2-dihydroNaphtalene 0,04 0,04 0,04 

Naphthalene 5,84 5,95 5,95 

2-MethylNaphthalene 0,82 0,79 0,87 

1-MethylNaphthalene 0,59 0,56 0,61 

Biphenyl 0,87 0,90 0,90 

Acenaphthylene 0,95 1,13 1,15 

Acenaphthene 0,17 0,07 0,06 

Dibenzofuran 0,12 0,12 0,12 

1-naphtol 0,17 0,17 0,21 

2-naphtol 0,01 0,01 0,01 

Fluorene 0,43 0,41 0,45 

Xantene 0,03 0,03 0,04 

Phenantrene 0,96 1,12 0,97 

Anthracene 0,29 0,35 0,33 

Fluoranthene 0,17 0,20 0,17 

Pyrene 0,22 0,27 0,23 

Crysene/Triphenylene 0,12 0,15 0,15 

Unknown 14,98 16,13 16,84 

TOTAL 83,96 83,17 84,43 
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As for the temperature effect, in Figure 5, the heavy hydrocarbon content in the 
produced gas is presented in form of 6 distinct groups: benzene, 1-ring, 2-rings, ≥3 
rings and phenolic species. The total yield of tar remain fairly stable with increase of 
the temperature, but the spectrum changes towards more stable hydrocarbons: 
benzene and naphthalene, most probably on the expense of the other 1-ring 
components. The yield of phenolic species is decreasing with temperature increase 
which should be beneficial considering those species being precursors to dioxin 
formation [5].  

 
Figure 5. Yields of tars (g/kgdaf fuel) in the product gas measured at 840°C and 790°C 

 

Comparison to other polymer containing fuels 

To get a wider understanding above results are put next to product gas compositions 
from trials with both pure polyethylene (PE) as well as the trial performed with cable 
plastics. As relatively little is known about the exact content and type of polymers in 
the ASR some conclusions can be drawn from that.  

Generally, the gas composition and quality will always reflect the fuel composition, 
where the presence of polymers and their decomposition patterns set the boundaries. 
This is true both for natural polymers such like cellulose as well as artificial 
polymers such like polyamides, polyolefins or polycarbonates.  

Operational parameters such as temperature will affect the average size of the 
yielded hydrocarbon molecules ranging from oil-like products for pyrolysis to pure 
syngas for high temperature gasification. The amount of hetero atoms, atoms besides 
hydrogen and carbon, such like O, N, Cl, S and their bond structure will yield 
corresponding amounts of oxides, chlorides, sulfides and cyanides or amines. As 
example, cellulosic feedstock will always yield carbon oxides in thermal conversion 
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processes due to the presence of oxygen in the fuel. Further the presence of steam 
can generate more oxides via reactions such like the water-gas-shift reaction. 

In Error! Reference source not found. the gas composition for ASR_1, Cable 
plastic (PEX) and virgin PE are plotted. As can be seen, the composition varies 
mostly in two aspects, the amounts of carbon dioxide produced and the amounts of 
formed valuable products namely olefins and one ring aromatics (BTXS, benzene 
Toluene, Xylene and Styrene). The remaining part, hydrogen, methane and carbon 
monoxide, can be considered as energy gas or turned into methane in a plant like 
GoBiGas.  

The difference in carbon dioxide stems to some degree from reforming and 
gasification reactions in combination with the water-gas-shift reaction but is severely 
enhanced by oxygen carrying bed materials as on display for the ASR cases and to a 
lesser degree to the PE case, where olivine with a limited oxygen carrying ability was 
used as bed material. Cable plastic as mentioned earlier was converted in a bed of 
regular sand, which has no oxygen carrying effect, that in case of olivine creates 
additional carbon dioxide in the raw gas.   

Cable plastics and virgin PE gas composition were similar producing mainly alkanes 
(methane, olefins). In both cases, almost 30% of the product gas was olefins (C2H4 and 
C2H6). In contrast, higher aromatic content was found in case of cable plastics, which 
can be due to the difference in the chain structure of the PEX vs PE.  
 

 

Figure 6. Comparison of gas composition in wt% for different fuels, ASR and PE runs with 

olivine as bed material, cable plastics with silica sand. 

 
The other reason for the differences in yields lies in the chemical structure of the 
fuels employed as mentioned above. Based on the structure of polyolefins a higher 
yield of olefins, aromatics and aliphatic molecules is expected. At the same time no 
oxygen or nitrogen is present in the fuel leading to oxides. Even though the blend of 
different polymer types in the ASR is unknown, larger amounts of polymers 
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containing aromatic structures in their monomers such like polystyrene (PS) 
polyurethane (PUR), acrylonitrile butadiene styrene (ABS) and polyethylene 
terephthalate (PET) are expected. Consequently, those aromatic structures can be 
found in the produced gas to a larger extend which confirms the relevance of the 
ingoing polymer blend for the product composition of such thermal process.    

Impact of ASR fuel ash on the activity of the bed material  

 
To assess the changes of the ASR-ash addition to an activated olivine bed the ASR 
experiment was accompanied by reference runs with wood pellets as fuel, before and 
after the ASR run. Bearing in mind high ash fraction in the fuel (46%), the 
interaction of the ash elements with the bed material and its influence on the process 
operation is an interesting aspect that should be covered. High silicon content (see 
Table 1), the presence of alkali metals and sufficiently high temperature of the 
process are conditions that favour the melt formation, which can eventually lead to 
the bed defluidization. The other aspect that demands the attention is the change in 
bed material activity.  
In the experiments described in this work, the catalytic activity of olivine material 
was shaded/masked by the accumulation of ASR ash. Figure 7 is showing a 
comparison of wood gasification prior ASR use when olivine bed was active, and 
after the gasification of the ASR when bed inventory was enriched by ASR ash. 
Tested cases are compared to the case of wood pellets gasification with non-active 
olivine bed presented in the work of Berdugo Vilches et al. [4] where the same bed 
material and conditions were used. In the figure, left y-axis is showing a yield of 
permanent gas, while the right y-axis shows H2/CO ratio for three states of activity of 
olivine bed.  As showed in the figure the change in the bed composition, e.g. ASR 
ash enrichment, resulted in gas with lower H2 and CO2 yields, while other gaseous 
components are present to a similar amount. The yield of CH4 seems not to be 
affected by the ASR ash presence and the same stands for C2-fraction. In general, 
comparing all three cases, the biggest difference in permanent gas composition is in 
H2, CO and CO2, which implies a loss of activity towards Water Gas Shift (WGS) 
reaction and oxygen transport of the ash. A decrease in H2/CO ratio has been 
observed going from 2,7 for the case of active olivine down to 1,3 for ASR ash 
enriched olivine bed and 1,1 for non-active olivine case. From a process perspective 
the decreasing H2/CO ratio in itself is not of great relevance, but is a strong indicator 
for a decay in catalytic activity of the olivine. As shown also in figure 7 (left) and 
confirmed in an experiment with woody biomass fig.7 (right), oxygen transport 
between the reactors is increasing with ash enrichment.  
In figure 7 (right), left y-axis is showing carbon conversion and total tar yield 
obtained in wood gasification for three different states of olivine bed, while on the 
right y-axis lambda value is shown. Enrichment of the olivine by ASR ash result in 
the tar yield in-between non-active and active olivine cases. The observed result is 
implying the absence of the active component in the system, which has been 
identified in previous work as potassium [6] or change in the mechanism path of tar 
formation. The lack of free potassium can be explained by its interaction with silicon, 
which is present in the fuel in significant amount (see Table 1) and will most 
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probably by chemically binding it into silicate decrease the amount of K-compounds 
in the gas phase. The carbon conversion is somewhat higher in case of ASR ash-rich 
compared to non-active olivine.   
 
 

Figure 7. Wood pellets gasification for three states of olivine bed activity: (left) Composition of 

gas, yields [mol/kgdry ashfree fuel]; (right) Carbon conversion, total tar yield and lambda value  

 

 

Formation of chlorinated organic hydrocarbons 

Employing gasification for waste treatment implies an understanding of the impact of 
halogens, especially chlorine on the product quality. To be an alternative to waste 
incineration equal or better performance regarding the prevention of dioxin formation 
is required. To study that aspect above samples to analyze the amount of PCDD/PCDF 
during gasification and subsequent combustion of the gas were conducted. The 
conditions during that sampling period are given in Table 6 

Table 6. Experimental conditions during Dioxin sampling.  

Boiler 

bed °C 

Boiler 

top  °C 

Gasifier 

bed °C 

Raw 

gas °C 

Fuel, boiler (Wood 

Chips), kg/h 

Fuel, gasifier 

(ASR), kg/h 

Steam flow 

gasifier, kg/h 

900 900 835 755 1508  305 160 

The samples were analyzed by ALS and Figure 8 is showing total measured toxicity 
of PCDD/PCDF in ng/kgASR at three locations in the system: the gasifier outlet 
(GG1), flue gas before filter (FG1) and flue gas after filter (FG2) (see fig.1) were done 
simultaneously over 3 hours. The results in the figure show very low level of formation 
of dioxin-like species during the gasification process (GG1) of only 0,17 ng/kgARS. 
The produced gasification gas is then directed to the boiler operating at 900°C, where 
due to the high-temperature further building of the dioxins is not expected. Passing of 
the flue gas from the boiler through the cooling section (FG1), where the temperature 
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of the gas decreased from 900° to 155°C, resulted in a high increase of yields of 
measured dioxin-like species to the value of 3,44 ng/kgARS. The high rate of building 
of dioxin species during cooling and the observed behavior is in line with previous 
study done by Kondoh et al. [7]. Further, the gas is passing through the textile filter 
coated with lime, which leads to an expected  decrease of the yield of emissions, i.e. 
0,34 ng/kgARS.  

 

Figure 8. Total toxicity of PCDD/PCDF measured in three different positions: gasification gas 
channel (GG1), section after heat exchangers but before the lime-coated filter (FG1), and outlet 

of the system (FG2). Gasifier temp 830°C, combustor temp 900°C 

Those result support dual fluidized bed gasification being a very suitable technology 
for treatment of chlorine containing wastes as the oxygen free atmosphere in the 
gasification section has shown to be advantageous.  

Distribution of relevant substances between bottom ash and fly ash 

As previously said, melting and agglomeration are phenomena which are expected 
during the process where fuel with high ash content is used. Figure 9 is showing the 
SEM/EDX image of the sample taken out from the system when the bed was 
enriched with ASR ash. In the left, the cross-section of the particles mounted in 
epoxy is shown, while on the right-hand side of the figure surface of one chosen 
representative particle is shown. In the corresponding Table 7, the elemental analysis 
of several spots at the sample surface is showing that melted area is very much 
enriched with potassium and sodium while the outer area, e.g. glued ash particle, is 
enriched with iron mainly.  Even though it was possible to observe smaller melted 
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areas on the particles surface, the fluidization problems during the operation were not 
observed nor any significant agglomeration during the bed material analysis (Fig. 9 
left), despite the fact that almost one-third of the bed inventory was ASR ash at that 
stage.  
By using equilibrium software FactSage7.0, a prediction of the composition of melt 
and the outer surface of the particle was done. Input data are taken from the EDX 
analysis results presented in the table below the picture. The calculation of the 
composition in melted area confirms the expected tendency for slag formation. The 
outer surface of the analyzed particle is predicted to be iron-oxide rich. The 
observation agrees well with observed oxygen transport in the system.  

 
Figure 9. SEM/EDX image of the olivine bed taken out from the reactor system during the 

experiment: (left) overview of the particles cross section and (right) surface of the selected particle 

Table 7. Results of the SEM/EDX analysis of the surface of the particle taken out from the 

reactor system during the experiment. 

Spectrum O Na Mg Al Si S K Ca Mn Fe Total 
Spectrum melt 48 3 2 1 29 0 6 4 0 6 100 
Spectrum outer 
edge 

42 3 3 1 4 1 2 5 1 37 100 

 
In Table 8 the full elemental analysis of the sampled bed and fly ash generated from 
the two types of the ASR is shown. The samples were collected from the seal  (entrance 
to the gasifier, 12 in Figure 2) and secondary cyclone (6 in Figure 2), located after the 
cooling section. The results show very similar composition of the bed inventory 
samples collected in two cases, with some enrichment in ash components which can 
be explained by ash accumulation in the system over days of the operation between 
the runs with ASR_1 and ASR_2. Similarly, the fly ash resulted in rather similar 
composition in both cases. Looking at the catalytically active elements, in the case of 
the plastic richer fuel feed (ASR_2), the copper concentration is around 25% higher, 
while for the iron, which is the most abundant element in the fly ash, 17 % lower.  
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Table 8. Elemental analysis of solid samples extracted from the system. Bed: sample taken at the 

entry seal to the gasifier. Fly ash: sample taken at the secondary cyclone in the flue gas line. 

 ASR1 ASR2 

Wt. %  Bed Fly ash Bed Fly ash 

Al 0,92 5,4 1 4,3 

Si 18 12 18 12 

Fe 6,9 21 6,9 18 

Ti 0,14 1 0,19 1,1 

Mn 0,34 0,39 0,42 0,46 

Mg 24 2,8 21 3,9 

Ca 5,1 8,9 6,6 9,6 

Ba 0,17 1,23 0,23 0,83 

Na 0,49 1,3 0,44 1,2 

K 0,99 2,7 2,3 4,7 

P 0,38 0,46 0,54 0,69 

Cl-leachable  <0,01 0,31 <0,01 0,41 

Br-leachable <0,01 0,02 <0,01 0,2 

S 0,14 1,1 0,33 1,1 

mg/kg     

As <20 23 <20 <20 

Cd 1 33 <1 25 

Co 110 99 95 99 

Cr 480 900 570 790 

Cu 1600 5800 2300 7800 

Mo 23 84 20 56 

Ni 2000 820 1800 760 

Pb 290 110 220 1000 

Sb 160 300 500 1400 

Se <20 <20 <20 <20 

Sn 92 260 140 250 

Tl <20 <20 <20 <20 

V 35 110 35 100 

Zn 7500 43000 9700 33000 
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Conclusions, impact and outlook 

The aim of the project was to produce the documentation and information needed to 
conduct in the next step a demonstration of plastic recycling via thermal processes in 
an industrial scale where for instance the GoBiGas factory is used. The project 
provided some valuable conclusions which are summarized in the following. 

 The bottom ash formed in long term trial with ASR proofed to be suitable as 
bed material which suggests that even for other waste fractions one aim 
during sorting and pretreatment should be to comprise an ash composition 
that will form a stable bottom ash.  

 Similar catalytic activity as experienced with biomass fuel and olivine as bed 
material is not achievable under such ash load. 

 The amounts of fly ash from those types of fuel are beyond what is expected 
from biomass based fuels, which demand an upgrading of the ash handling in 
a plant designed for handling biomass such like the GoBiGas plant.  

 The product composition retrieved from ASR and cable plastics reflects the 
types of polymers dominant in the fuels. While cable plastic yielded olefins to 
a larger degree, aromatic species are most likely the economically most 
valuable fraction for ASR.  

 Regarding the presence of halogens in the fuel and the tendency to form 
PCDD/PCDF´s during thermal conversion DFB-gasification proofed to be a 
superior choice over combustion. 

An important part of the project was that the industrial partners in the project would 
jointly develop a possible business model for recycling in the GoBiGas plant and 
possible similar plants in the future. The project provided an opportunity to work on 
a realistic case that made it possible to discuss and find openings allowing for the 
commercialization of the process. From the results two principal directions are 
promising with dual fluidized bed gasification as technology base;  

c) direct cracking of relatively homogeneous polymer waste for 
feedstock recycling and  

d) treatment of heterogeneous plastic rich waste fractions as 
alternative to waste incineration, for recovery of gas, hydrocarbons 
and solids 

In line with the direct cracking intensive discussions with Borealis have been 
ongoing, circling around the realization of the transformation proposed in the study 
“Circular use of plastics-transformation of existing petrochemical clusters into 
thermochemical recycling plants with 100% plastics recovery”. So far this has 
resulted in a joint project (P49514-1) ”Utveckling av ångkrackning av plast för en 

transformativ omställning av petrokemiska kluster” and a wider cooperation around 
that topic is under discussion but not yet formalized as of today. 
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For this activity this project together with activities linked to SFC-CIGB node and 
the project (38465-1) “Innovativa omvandlingsprocesser vid Chalmers kraftcentral” 

served as the foundation to do the preliminary work.  
 

For the treatment of heterogeneous plastic rich fractions, the next steps are partially 
coupled to the decision around the future of the GoBiGas plant. If the installation is 
taken up into operation again, the viability of the waste treatment by DFB-
gasification can be put into reality with modest modifications of the plant, provided 
the environmental permissions can be extended. Such endeavor should be preferably 
accompanied with an intense effort to dig deeper into the fate of the different 
amounts of recoverable elements.  

Without the acceleration through the utilization of an existing demonstration unit the 
development will be somewhat slower but waste streams like ASR, textile waste and 
consumer plastics require this or similar solutions to move towards circularity. 

  



 
 

 30 (30)  
 

  

 

List of publications  

Emissions of dioxins and furans during steam gasification of Automotive Shredder 
residue; experiences from the Chalmers 2–4-MW indirect gasifier 
J Maric, TB Vilches, S Pissot, IC Vela, M Gyllenhammar, M Seemann 
Waste Management 102, 114-121 
 
Thermochemical Recycling of Automotive Shredder Residue by Chemical-Looping 
Gasification Using the Generated Ash as Oxygen Carrier 
S Pissot, T Berdugo Vilches, J Maric, I Cañete Vela, H Thunman, M. Seemann 

Energy & Fuels 33 (11), 11552-11566 

 

Circular use of plastics-transformation of existing petrochemical clusters into 

thermochemical recycling plants with 100% plastics recovery 

H Thunman, T. Berdugo Vilches, M Seemann, J Maric, I. Cañete Vela, S Pissot, H. 

NT Nguyen. Sustainable Materials and Technologies 22, e00124 

Outreach 

Circular material conference, IFRF,  Arbetsgrupp Kraftsamling Returraffinaderi 

(Västsvenska Kemi-och Materialklustret) 

 

References 

1. Larsson, A., et al., Evaluation of Performance of Industrial-Scale Dual 

Fluidized Bed Gasifiers Using the Chalmers 2-4-MWth Gasifier. Energy & 

Fuels, 2013. 27(11): p. 6665-6680. 

2. Israelsson, M., M. Seemann, and H. Thunman, Assessment of the Solid-Phase 

Adsorption Method for Sampling Biomass-Derived Tar in Industrial 

Environments. Energy & Fuels, 2013. 27(12): p. 7569–7578. 

3. Israelsson, M., A. Larsson, and H. Thunman, Online Measurement of 

Elemental Yields, Oxygen Transport, Condensable Compounds, and Heating 

Values in Gasification Systems. Energy & Fuels, 2014. 28(9): p. 5892-5901. 

4. Berdugo Vilches, T., et al., Comparing Active Bed Materials in a Dual 

Fluidized Bed Biomass Gasifier: Olivine, Bauxite, Quartz-Sand, and Ilmenite. 

Energy & Fuels, 2016. 30(6): p. 4848-4857. 

5. Jansson, S., Thermal Formation and Chlorination of Dioxins and Dioxin-Like 

Compounds 2008, Teknisk-naturvetenskapliga  fakulteten Umeå. 

6. Marinkovic, J., et al., Characteristics of olivine as a bed material in an 

indirect biomass gasifier. Chemical Engineering Journal, 2015. 279: p. 555-

566. 

7. Kondoh, M., et al., Study of gasification characteristics of automobile 

shredder residue. JSAE Review, 2001. 22(2): p. 234-236. 

 


	Förord
	Content
	Sammanfattning
	Summary
	Introduction and background
	Realization
	Experimental Setup
	Materials and fuels
	Standard analysis of the gas
	Dioxin sampling and measurement
	Experimental matrix
	Product distribution and the effect of ASR-ash on the activity of olivine
	Long duration test (ASR), bottom ash enrichment and dioxin measurements
	cable plastics gasification


	Result and discussion
	Experience, technical barriers and operational recommendations
	Quality of the gas obtained from plastic waste materials
	Comparison to other polymer containing fuels

	Impact of ASR fuel ash on the activity of the bed material
	Formation of chlorinated organic hydrocarbons
	Distribution of relevant substances between bottom ash and fly ash

	Conclusions, impact and outlook
	List of publications
	Outreach
	References

