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OLD VS. NEW CARBON 

Blessing – Curse - Opportunities 
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Blessing - prosperity 

 

 

4 Ayres, Ecolog. Economics 2008, 67, 281 

GDP = A * capital * labor * energy  



Curse – climate change  
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MacKay,  Sustainable energy – without the hot air (2009) 

Source: IPCC 2011 
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Global demand to double 

from 2000 to 2050 ! 
+50% population and +50% 

prosperity 

http://www.google.de/imgres?imgurl=http://chroniclesoftimes.com/sites/default/files/nuclear_power_plant5.jpg&imgrefurl=http://chroniclesoftimes.com/content/nuclear-power-plants-hysteria-based-fiction&usg=__IyN0-R_f1ZMblV6b2WglN6wtLH0=&h=292&w=343&sz=12&hl=de&start=13&zoom=1&tbnid=s107-06knYZahM:&tbnh=102&tbnw=120&ei=cZ6VTvPxKMaa8QOKwdGGBw&prev=/images?q=pictures+power+plant&hl=de&sa=X&tbm=isch&itbs=1


No alternative to Biomass 
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Tomorrow’s prosperity needs C-neutral energy 

 
 

Solar, Wind 

Water Biomass 

• Efficiency 

• Shift coal  gas 

• CCS 

http://www.google.de/imgres?imgurl=http://chroniclesoftimes.com/sites/default/files/nuclear_power_plant5.jpg&imgrefurl=http://chroniclesoftimes.com/content/nuclear-power-plants-hysteria-based-fiction&usg=__IyN0-R_f1ZMblV6b2WglN6wtLH0=&h=292&w=343&sz=12&hl=de&start=13&zoom=1&tbnid=s107-06knYZahM:&tbnh=102&tbnw=120&ei=cZ6VTvPxKMaa8QOKwdGGBw&prev=/images?q=pictures+power+plant&hl=de&sa=X&tbm=isch&itbs=1


Which biomass?  
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Ethanol 
monomers 

Biodiesel 
Detergents  

1st Generation 
from seeds & tubers 

2nd Generation 
from lignocellulose 

Available – Affordable - Acceptable 3rd Generation? 
Aquatic biomass 
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Do we have enough biomass by 2050? 
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400-600 ppm CO2 

<440 ppm CO2 

Adapted from IPCC, Ch. 2 ‘bioenergy’ (2011) 

1.5-4.5  

kg/pers./day 

Energy for transport 
300-400 EJ/y in 2050 

Total energy 
900-1200 EJ/y in 2050 1000 

1200 

Chemicals  
30-40 EJ/y in 2050 
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VALORIZING THE NEW CARBON 

Challenges – Options 
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Conversion: demanding chemistry 
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2G biomass 
(lignocellulose) 

Lange, in “Sustainable development in the process industries ” 
(Wiley) 2010,  p.171 

1 Mill 10 Mill 

Cracking 

O-removal 

Capital intensity: 

2G Biofuel    40-60 $/L ann. Capacity 

1G Biofuel           2 $/L 

Crude oil Fuel 



Three approaches to biomass conversion 
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Solvent Wood 

Bio-oil 

Gas 
Solid 
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Dissolving biomass in liquid 
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Cooking at 300C 

for 30 min 



Dissolving biomass in phenolic medium 
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Bio-Oil 

Char 

Lights 

Gas Successive loading of pine wood  

in guaiacol for 30 min at 300C  

van Rossum et al., (Submitted) 

Bio-oil 



Three approaches to biomass conversion 
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[mol%] 

50-60 >95 >90 >95 

Rate 
[t.m-3.h-1] 

>0.1 >10 >1 >0.02(a) 
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Valeric biofuels 

 

 

(a) Integrated with distillation 

Lange et al., Angew. Chem. Int. Ed., 49, 4479 (2010) 
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Options in Bio-based Chemicals 

 

 

17 Lange, in “sustainable development in the process industries” 2010, 23 

Acid conversion 

Fermentation 

Hydrogenation 
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Three approaches to biomass conversion 
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Cellulosic materials 
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… New applications: 

- Cellulose  

- reinforcement (plastic composites) 

- textile fibers 

- Starch for 

- packaging  

- superabsorbent 

Beyond the traditional uses … 

- Construction   

- Textile   

- Paper 

Cellulose reinforced steering wheel 

(Science Museum's Antenna Gallery) 

http://theirearth.com/index.php/


BEYOND CARBON 

Making the transition 



Transition needs money 
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Premises 

 Fuel demand growth at 1.5%/y 

 2G biofuel plant of 150 kt/a for  $500 mill.  

 Gross world product $83 trill. (2012)  

 4 t biomass / t biofuel 

Stabilizing CO2  

• 300 bio-refineries/y 

• $150 bill./y (0.2% GWP)  

• 8 Gt/a of biomass (140 EJ/a) 

 

Reducing CO2 

• 600 bio-refineries/y 

• $300 bill./y (0.4% GWP) 

• 16 Gt/a of biomass (280 EJ/a) 

 



Transition needs time 

 

 

22 Kramer, Nature, 2009, 462, 568 

~30 years to be significant  (~1%) 

• 2G Biofuels  



Transition needs new economy 

 

 
From ‘Linear’ economy 

With focus on Growth & Labor efficiency 

 

To ‘Circular’ economy 

With focus on resource efficiency 

  discourage resource mining & waste disposal 

  stimulate sharing, repair & recycling 

   revisit today’s subsidies & taxes ? 

23 
Ayres, Ecolog. Economics 2008, 67, 281 

Jackson, ‘prosperity without growth ‘, Earth Scan, 2009 



Today’s journey 

 

  Old vs. New Carbon 
 Blessing & curse of old carbon 

 Promises of biomass for material and energy 

 
 Valorizing the new Carbon 
 Chemistry & economics challenges 

 Case studies: bio-oil, oxygenates, materials 

 
 Beyond the Carbon 
 Transition needs money, time & circular economy 



… ik heb gezegd! 


