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Goals 

Determine the environmental impact of the different 
routes of lignocellulosic biomass valorisation by 
thermochemical conversion (gasification) 

 Tools : Life Cycle Assessment (LCA) methodology 
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http://www.unep.fr/scp/lifecycle/ 
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 Studying and understanding the processes 
 Review of previous studies 

http://www.unep.fr/scp/lifecycle/ 
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 Size reduction and drying  

 particle size betwenn 20 and 80 mm 

 
 

 water content < 20% 

 

 
 

Hammermill [1] 
 

Perforated Floor bin dryer [1]  
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Biomass + Oxidizing agent  Syngaz 

Component  % (volume) 

CO 28-36 

H2 22-32 

CO2 21-30 

CH4 8-11 
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Biomass + Oxidizing agent  Syngaz 
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Biomass + Oxidizing agent  Syngaz 

- Air 

- Oxygen (gas with higher LHV)  

- Steam (gas with more H2) 
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Biomass + Oxidizing agent  Syngaz 
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Biomass + Oxidizing agent  Syngaz 

1. T: 600 – 1000 °C 

 Heat supply:  

- Allothermal or autothermal 

 

2.    Oxidizing agent flow rate 
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Biomass + Oxidizing agent  Syngaz 
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Biomass + Oxidizing agent  Syngaz 

Reactor type 
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Reactor type : Fixed-bed updraft 
 

http://www.greenstone.org/greenstone3/nzdl%3Bjsessionid=07001AC50F490ADE7B6F119FBC17633F?a=d&c=cdl&d=HA
SH10b0eb9f4e955c5d59180b.10.1.np&sib=1&p.s=ClassifierBrowse&p.sa=&p.a=b 
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Reactor type: Fixed-bed downdraft 
 

http://www.greenstone.org/greenstone3/nzdl%3Bjsessionid=07001AC50F490ADE7B6F119FBC17633F?a=d&c=cdl&d=HA
SH10b0eb9f4e955c5d59180b.10.1.np&sib=1&p.s=ClassifierBrowse&p.sa=&p.a=b 
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Reactor type: Fixed-bed multistage (Xylowatt) 
 

http://www.xylowatt.com/La-gazefication-XYLOWATT/g-xylowatt-technologie-notarr-production-de-gaz-propre.html 



The Processes 

18 

Reactor type: Fluidized-bed circulating 
 http://www.csfmb.com/services 
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- Nitrogen and sullfur compounds 

- Particule removal 

- Alkali removal  

- Tar elimination 

- Reformage 
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- Particule : biomass (ash and char)+ bed  plugging 

 Cyclone (larger particules)  

+ wet scrubbers, barrier filters or electostatic precipitators  

 

[1] 

http://www.ustudy.in/node/3145 http://holbert.faculty.asu.edu/wise/electrostaticprecip.html 
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- Alkali removal :  

Cooling and passing barriers filters  

http://www.filtrationgroup.com/index.php/main.page/Pre-Filter_Barrier_Filters 
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- Tar elimination 

 Primary technologies:  in gasifier  

 Secondary technologies  

 wet : water and venturi scrubbing  condense tar compounds  

 hot: cracking tar  high temperature 
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- Reformage  

Water-shift reaction : adjuce the H2/CO rapport 
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gas 

Methanol  Heavy olefins 

Light olefins 

MTO: methanol to olefin Olefin - craking 

T= 180- 270°C 

P= 50 – 100 bar 

Catalyst: Cu/Zn 

Reactor: fixed-bed 

(Lurgi or ICI) 

Ethylene 

Propylene 

http://www.totalpetrochemicals.com/SiteCollectionDocuments/Press_releases_news/2010/cp_mto-20100630-en.pdf 



The Processes 

27 

Ligno-

cellulosic 

biomass 

 CO+ H2  

 

gasification 

Diesel 

Methanol 

Ethylene 

Propylene 

DME 

Fuels 

Building blocks for the chemical industry 



The Processes 

28 

Diesel Gas Lubricating oil and paraffin wax 

Fischer- 
Tropsch 
process 

Hydrocracking 

C4 and lower : 

recycling or 

gas turbine  
 T: 200 – 250 °C 

Catalyst: Co or Fe 
Reactor: fluidized or 
multi-tubular fixed bed 
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DME Gas 

Methanol 

T: 250  365 °C 
Catalyst: alumin 

T 240 °C 
P > 30 Mpa 
catalyst 

Diesel motor or 
mixed with LPG 
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 Many studies on the technological aspects of lignocellulosic biomass 

gasification, but few on the environmental aspects (LCA ) 

 Results: 

Lignocellulosic biomass >< fossil fuels 

- Better: Global Warning Potential  

                 Emissions 

- Worst: Energy Consumption 

                 Cost 

 But this studies are generally not completed 
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 This studies present generally some lacks: 

No study about propylene and ethylene 

No study relative to the Belgian situation  

But also: 

- Fuel type 

- Impact of Land Use Change (direct or indirect) 

- No Well-to-wheel 

- Impact categories 

- Economic aspects 

- Comparison with fossil fuel or biofuel 

- Sensitivity analysis 

- Incertitude analysis 



Conclusions and perspectives 

 Promising processes for substituting fossil fuels. 

BUT their environmental impact remains uncertain 

 LCA methodology  

 LCA adapted to include land use change effect. 

Practical example: miscanthus culture in Belgium  

 Economic viability assessed  

 LCA decision helping tool 
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