
 The different scales of investigation in chemical engineering illustrated for 
biomass conversion: from electrons to routes CO
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 Two different contexts for wood valorization: (a) in developing countries 
(here in Madagascar), wood valorization results in deforestation and soil erosion; (b) 
in developed countries (as in France), wood is not well valorized and wood energy 
should be promoted to reduce the aging of trees and stems density in forests 

 Biogeochemical cycle of nitrogen in forests 
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 Global model of the whole bioenergy chain 

 Diagram of the approach developed at CNRS, Nancy, for bioenergy 
chain modeling: a forest management modeling tool (“CAPSIS”) is combined  

with a process modeling simulator (“Aspen Plus”) [FRA 14] 





 (a) Energy and (b) carbon balance for the whole bioenergy chain from 
forest to power for the production of 10 MW of electricity during one year. “HWP” 

means “harvesting wood products” 



 (a) Schematic diagram of the annual flows from the forest to the biomass 
CHP plant; (b) annual flows and area required to supply a CHP plant as a function of 
two forest management practices and two wood utilizations for the production of 10 
MW electricity and 18 MW heat for one year [FRA 14] 



 Model of a gasification plant 

 Simplified diagram of the gasification process modeled  
under Aspen Plus. For a color version of the figure, see 

www.iste.co.uk/dufour/biomass.zip 



 Thermochemical conversion of the biomass and minerals  
throughout the gasification CHP process [FRA 14] 



Figure 1.9. (a) Energy and (b) exergy balances of the CHP gasification plant 
(streams in megawatts) [FRA 13b]. For a color version of the figure,

see www.iste.co.uk/dufour/biomass.zip 

 



 Models of biorefinery sections 

 Model of a partly integrated biorefinery: from biomass fractionation 
to lignin depolymerization 



 Simplified scheme (without exchangers, pumps and solvents  
recycling) of the partly integrated process from biomass  

fractionation to lignin depolymerization 

 Model of aromatics production from lignin 



 A concept of biorefinery showing the frame of this study [OLC 12]: the 
production of aromatic compounds from lignin thermochemical conversion. “OMACs” 
means oxygenated monoaromatic compounds; “BTX” means benzene, toluene and 
xylenes 



 Scope and methodology: experiments on a model compound  
(guaiacol) are used to model the whole lignin to BTX process  

under Aspen Plus [OLC 13] 

 Diagram of the lignin to BTX process by HDO of pyrolysis vapors  
and its simplification for modeling under Aspen Plus [OLC 13c] 
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 Mass flows from Aspen Plus simulation of the lignin to BTX process.  
N2 (7,200 kg/h) and 1-methylnaphthalene (14.4 m3/h) (wash oil for recovery) are  
not represented. Condensed species (70 kg/h) are composed of 43.9 kg/h water, 
17.8 kg/h benzene and 4.3 kg/h toluene (rest: methanol, cresols, etc.) 

 Lignin-based carbon yield of lignin to BTX process by pyrolysis and  
gas-phase hydrotreatment at standard conditions (650 kg catalyst for 500 kg/h lignin, 
7,200 kg/h N2 carrier gas for a pyrolysis reactor). Condensed benzene and toluene 
account for 7.5% carbon 
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 Technical–economical analysis of power production 

et al



Typical power generation efficiency (%) 14–18 18–33 28–40 35–39 

Capital costs (USD/kW) 6,000–9,800 3,900–5,800 2,400–4,200 300–700 

Operating costs (% of capital costs) 5.5–6.5 5–6 3–5 2.5–3.5 

et al.

 Overview of bioenergy power plant conversion efficiencies  
and cost components [IEA 12] 

 Comparison of electricity production costs for four  
biomass-to-electricity systems [BRI 02] 



 Breakdowns of electricity production costs by cost sector  
for four biomass-to-electricity systems [BRI 02] 

 Effect of system capacity on the total plant cost [BRI 02] 



 Technical–economical analysis of heat production 

 System boundary of the study (from forest to wood pretreatment, 
combustion and emissions, and final heat). This whole bioenergy route is modeled 
under Aspen Plus software for a detailed calculation of mass and energy balances. 
For a color version of the figure, see www.iste.co.uk/dufour/biomass.zip 

 Different options for wood combustion and heat production  
studied in a technical–economical analysis 
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 Technical–economical parameters for  
combustion equipment [PEL 15] 
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 Prices and impact of production of wood fuels 

 Methodology of life-cycle assessment applied to bioenergy routes 

 From the ecosystem to the technosphere. The technosphere 
(processes, products, etc.) impacts the ecosystem 



 Life-cycle assessment of heat production from biomass 



 Main emissions for wood combustion technologies  
used as input data for LCA [PEL 15] 



 Impact factors for different LCIA methods 

 Impact of minor pollutants on the GWP result, according to the three 
LCA methods (Table 1.5), for log (LS) and pellet stoves (PS) [PEL 15]. Each of the 
columns presents the different contributions to global warming expressed. The figure 
on top of the column is the total global warming estimated. For a color version of the 
figure, see www.iste.co.uk/dufour/biomass.zip 



 Cost of heating technologies as a function  
of their greenhouse gas emissions [PEL 15] 

 Various aspects of the bioenergy chain 



 Various aspects of the bioenergy chains: from the  
ecosystem to the society and global world economy 

 Forest biomass energy creates more local  
employments than fossil resource 

 An example of a multicriteria discussion on a bioenergy route: 
the sequestration of biochar to mitigate climate change 



 Diagram of the concept of GSB. Biochar, a partly decarbonized energy 
vector (H2, CH4 or liquid biofuels), and added-value chemicals (e.g. aromatics) could 
be produced by a pyrolysis process. Biochar would be stored in geological cavities 
such as former coal mines 

 About biosphere management and the potential of carbon 
sequestration by biomass 

Miscanthus Eucalyptus

et al



 GSB compared to wood geostorage and to land application of 
biochar 

 Potential societal and economic benefits of GSB 



 Technical and scientific perspectives 


