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• Sweden’s chemical cluster - full bio-
mass based production by 2030 (vision)

• biomass options incl. local resources -
wood

• cluster’s major product - ethylene
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 before I start with the actual presentation of our case study – let  me introduce you shortly the to its context

 lately – development in chemical & related industries to change from purely fossil based production to also include biomass based feedstocks

 eventually complete shift to biomass based production

 Sweden no exception in this development – in fact Sweden’s chemical cluster has the vision to be fully biomass based by 2030

 in particular Sweden’s chemical industry interested in using local biomass sources such as wood to produce chemicals such as ethylene

 the latter which is in the focus of our assessment 
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• two major routes for ethylene production

C=C

C=C
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 moreover as you might know -  in principal – two routes to produce ethylene from woody biomass 

1. biochemical route in which microorganisms convert the wood the ethanol
 ethanol then dehydrated to C=C 

 2. thermochemical route – wood converted to syngas which is then converted to an alcohol  
 alcohol again dehyrated to C=C



Context

4Liptow, Tillman, Janssen

• two major routes for ethylene production

C=C

C=C

• thermochemical route - strong research base & several plants towards  
construction (100 MW gas gasification plant in Göteborg, Methanol plant  
Värmland (planed))
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 however in our study we focus on thermochemical route since Sweden has a strong research base for this route 

 not only that, in addtion the construction of a 100 MW plant to syngas and an industrial scale methanol plant are under construction 
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• assessment: 

- production of 50 000t ethylene from wood
via gasification (thermochemical)

- feedstock scenarios: 
- tops & branches discussed as feedstock option
- mix of different woody biomasses (tops &   
branches, pulpwood, sawmill chips, energy wood)

- potential future state

• focus: identification of potential environmental key contributors -
development opportunities
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after this short intro to the studies context I’d now like to come to the actual assessment we have conducted

 in our LCA we investigated the potential environmental impact of producing ethylene from different wood based feedstocks via gasification 

 in particular we assessed the following two feedstock scenarios

 tops and branches only - based on current discussions in Sweden to use this type of material for gasification 

 and mix of different woody biomasses to also consider a situation where availability of tops and branches might be limited and different feedstocks need to be used

 moreover, as you can see on the slide we assessed the production of 50 000t ethylene, a scale based on discussion with industry which stated to need this kind of quantity in order 
to be of relevance for industrial appliactions


 also, would like you to notice that we have assessed a potential future state in 5-10 years from now – since it might take this time until a gasification route to 
ethylene is ready for industrial launch

based on this timeframe – assessment focus on identification of potential environmental hot spots 

 knowledge important to have and to implement before actual industrial realization 
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• Swedish data for biomass acquisition
• process simulation for methanol production
• literature data for ethylene production 
• Swedish electricity mix
• partitioning on economic basis

biomass
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 coming now to the life cycle flowchart to our assessment 

 as you can see we start our LCA with the biomass acquistion which includes transport to gasification plant – for this use of Swedish data

 once arrived at the gasification plant biomass converted to methanol – for this process we used data from process simulation

 after that methanol transported to ethylene production site – here conversion to ethylene – assessed based on literature data

 also as you might have noticed some of the processes – methanol production & ethylene production do not only produce product relevant for our study but some other products such as propylene – therefore partitioning of processes’ environmental burden between different products based on prices
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 now that you are familiar with scope of our study would like present its results – starting with global warming potential

 we have calculated global warming potential in t CO2 eq (see y-axis) both for the tops& branches feedstock scenario (left bar) and the the mix scenario (right bar)

 as you can see no considerable difference for both feedstock scenarios, moreover biomass acquisition and transport to gasification plant major contributor to GWP 

 reason: for tops & branches – spare distribution leading to considerable fuel consumption during acquisition & transport

 reason: for mix – sparse distribution for some parts of feedstock mix, dedicated feedstock in for pulp wood part

 another key activity: ethylene production process – external fuel demand 

 similar findings for photochemical ozone creation potential shown in next slide 

 (to Matty you don’t need to say that but in case people ask – gasification only need for some small amount of external el – remaining energy demand covered by internal by-product combustion)
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 here photochemical ozone creation potential measured in t ethylene equivalents

 though transport of biomass to gasification plant more dominating than for GWP 

 (to Matty if people ask: use of different data sourcse for biomass acquisition and transport which could explain why transport is here more dominating than in GWP)

 picture changes though for acidifcation – as you can see in next slide
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 for acidification again no significant difference between two feedstock scenarios as we’ve also seen for previous two impacts

 however in comparision acification clearly dominated by gasification incl synthesis to methanol 

 reason: internal NOx emissions of the process 

 same picture for eutrophication as you will see in the next slide 

 (to Matty if people ask: we have estimated the NOx values based on literature values of a gasification process from wood to ethanol since simulatation we’ve used for gasification process did not include Nox emissions; if people ask about S (sulfur emissions) we assumed that it will for the major part be removed by a guarding bed that is coming before the synthesis reactor – S removal is necessary to prevent poisining of catalysator)
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 as already announded in previous slide – here the eutrophication and again we found that it it clearly dominated by the gasification process due to its Nox emissions
 




Concluding remarks

11Liptow, Tillman, Janssen

• gasification route key contributors: 

- no considerable difference between feedstock scenarios –
also applies to key contributors

- key contributors vary with assessed impact, gasification incl
conversion to methanol & transport of biomass dominating 

• potential improvement options: 

- use of cleaner fuels
- less distributed, close-by feedstocks
- NOx removal options for gasification process?
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 just what is says on the slide



12Liptow, Tillman, Janssen

Thank you!
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