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Projected sea-level rise and northern-hemisphere 
summer heat events in a 2ÁC world and a 4ÁC world 

Å Increased sea-level 
rise from 70 cm to 
more than a meter 

 
Å Increased 

frequency of 
extreme and 
unprecedented 
heat events 

 
ÅΧ ŀƴŘ тр҈ ƻŦ ǘƘŜ 

poor in dev (agro) 
countries  are hit 
first 
 
 



Atmospheric CO2 ƛǎ ƴƻǿ ƘƛƎƘŜǊ ǘƘŀƴ ƛǘΩǎ ōŜŜƴ ŦƻǊ 
 650,000 years and increasing rapidly            

This graph, based on the comparison of atmospheric samples contained in ice 
cores and more recent direct measurements, provides evidence that 
atmospheric CO2 has increased since the Industrial Revolution. (Source: NOAA) 

CO2 level as of February 28, 2015 

400.26 ppm  

Doubling 
in 50 yrs 

Doubling 
in 50 yrs 



Global drivers for a BBE ? 

Å more people with more wealth 

Å less nett GHG emission (global warming)  

   and/or climate adaptation 

Å politics (security of oil/gas supply) 

Å innovation, rural income and economic development 

Å increasing (and decreasing) prices of resources 

Å in time*, limited fossil reserves  

Å add sustainability to food chain  

Å add value to food chain and prevent hunger  

Pick your personal selection ! 
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http://www.google.nl/imgres?imgurl=http://majorcare.org/hunger.jpg&imgrefurl=http://majorcare.org/Education_Hunger_Jobs.htm&usg=__rKeKZq1PMggZ0pZvBtD4eNil-ig=&h=279&w=320&sz=12&hl=en&start=3&zoom=1&um=1&itbs=1&tbnid=A60dPUnr9MKiuM:&tbnh=103&tbnw=118&prev=/images?q=hunger&um=1&hl=en&rlz=1T4SKPB_enNL373NL373&tbs=isch:1
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NRW and NL are #1 and # 2 in Europe 

CO2/ha/yr 

#1 

#2 

 é in GHG emissions ! 

(so we have carbon to be recycled) 



é this enables the largest industry cluster worldwide 
Regional priorities: chemical 

sector and transport w/o 
alternatives (aviation etc) 
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abr-15 mai-15 jul-15 set-15 out-15 dez-15 jan-16 mar-16 mai-16 

Impact on pension funds  

350 bn  EUR 

Legal minimum 105% (417 bn  EUR) 

400 bn  EUR 

- 17%  

ABP 

AEX 

- 24%  

NL pensions funds  

Total: 150+ bn  EUR capital loss  

BrExit  
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drop-outs ? 

mass yield: energy poor (O-rich) in materials* 

C H 

O 

substitutes 

fuels (energy dense) & 

polymers (PE,PP, PS, PVC) 

natural gas 

crude  

oil 

 biomass  

CH2O0.5 

 ethanol 

sugars, lactic 

CO2 

drop-ins 

mass composition biobased and fossil 

feedstocks and products 

energy density 

increases 

global production (MT/year) 

fuels      2000 (jet 300) 

cement  3000 (600 MT CO2) 

food       4000 (50% waste) 

glass       120 

plastics    280 (big 5: 200)  

steel        120 (200 MT CO2) 



Waste becomes scarce and pricy (and wanted) !  



Biobased technology is/gets there 
ñanyò chemical can be produced from biobased 
feedstocks ï by chemo / bio / thermo catalysis 

but not all make sense 
 

cost (benefit)  
emission (reduction) 
resource efficiency 

 
yield  is central parameter in both  



15 Werpy & Peterson, 2004 



ñDrop-in Greenificationò of Chemical Industry 

BIOMASS 

protein / sugar / lignocellulose 

Iso-butanol ethanol methane SNG 

Iso-butylene Ethylene 

Gasification 

B substitute A drop-in  

Fermentation 
Aerobic 

An-aerobic 

other succinic 

acid 
acetic

-acid 

 

Lactic 

acid 

Funct. 

molecules 

Preservatives

, plastics 

synthet. 

polymers 

glue 

plastics, 

thickeners  

Paraxylene 

PET- 
bottles 

Propylene 

fertilizer 

methanol 

=80% chemical industry 

Plastics, 

surfactants, 

detergents 

Plastics, 

carpet 

Biorefinery 

Reforming  

Fermentation and other processes  

glycerol  

From: Ton Runneboom Bio Based Chemicals March 

22 2011, Rotterdam  

Biopower 

BioPVC 

BioHydro 

carbons 



Aviation sector needs to green 



Implementing the Bioport Holland PPP concept 

NL (bio)Fuelsmix 2050 

 

Aviation 50% 

Marine 33% 

Road+rail 17% 

International setting is critical for globally operating 

industries (transport & chemical) 

*  

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=QInutAEknL8ypM&tbnid=-0t-_fYg1KSmMM:&ved=0CAUQjRw&url=http://www.agro-chemie.nl/artikelen/plug-play-op-maasvlakte-twee/&ei=H3VIU6iwDOL00gXBnYGABg&bvm=bv.64542518,d.d2k&psig=AFQjCNGTpyvdSNEnqq5sLCxA6z_Sbtfl5w&ust=1397343867928816
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=2T0epbqB5WGZeM&tbnid=dcBJPWH3SxwXFM:&ved=0CAUQjRw&url=http://www.ecofys.com/en/project/bioport-holland-for-aviation-biofuel/&ei=bXVIU4L-KqWx0AW70ICYBA&bvm=bv.64542518,d.d2k&psig=AFQjCNGTpyvdSNEnqq5sLCxA6z_Sbtfl5w&ust=1397343867928816
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biofuels 1G 

biofuels 2G 

biofuels tot 

fossil 

total bio+fossil 

reference 

reference 

CO2 emissions (kton/year) in NL at 3% 
net growth of aviation fuels 

consumption 

proposed path 

fossil fuels 

biofuels (1G+2G) 

Aviation: GHG -reduction via TOI and jet biofuels  

improved technology, 
operations, 
infrastructure 

aviation 
biofuels 

From άVisie Duurzame [ǳŎƘǘǾŀŀǊǘέ. SER Report Van der Wielen et al.   
June 2014.  adopting NL to ATAG ambitions 

Carbon neutral 
growth 

50% GHG 
ŜƳƛǎǎƛƻƴ ǿǊǘ Ψлр 

KLM 1% biofuels 
ƛƴ Ψмр 

*  
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fossil 

Vandaag (1G) 

Morgen (2G) 

Biofuels (1G+2G) 

Fuel-pool composition  in 

(kton/year) at 3% net growth of 

fuels consumption 

2030 2050 2015 

7 mio ton/yr 

2G: - 80% GHG 

0.7 mio ton/yr 

4 mio ton/yr 

Introducing aviation biofuels (NL - numbers)  

150 kton/yr 

1G: - 35% GHG 

8 (16) 

6 (12) 

4 (8) 

2 (4) 

investment 

estimates [bn $]  

doubling jet fuel 

towards 90% biojet 

Carbon 
neutral growth 

fossil 

*  
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Synthetic Biology in the real world? 

glucose 

xylose 

arabinose 

acetate 

glycerol 

furanics 

commercial product  

based patent portfolio 

http://www.google.nl/imgres?imgurl=http://www.mbaknol.com/wp-content/uploads/2010/09/intel-inside-mbaknol.png&imgrefurl=http://www.mbaknol.com/management-case-studies/case-study-intel-inside-campaign-by-intel/&usg=__TxciDGfLuZotckm8ruTOc3EN3fI=&h=368&w=400&sz=78&hl=en&start=8&zoom=1&tbnid=phoJaxnqfVHKyM:&tbnh=114&tbnw=124&ei=GgxgUda_F4id0wWhyYDACg&prev=/search?q=intel+inside&um=1&hl=en&sa=N&rlz=1T4SKPB_enNL373NL373&tbm=isch&um=1&itbs=1&sa=X&ved=0CDoQrQMwBw


2020 2030 

2nd gen. advanced  

 biofuels (hydro carbon-like) 

Synthetic  biology: novel  

pathways, robustness,  

rate and yield 

1st gen. EtOH 

from sugar cane 

2010 

photosynthetic micro organisms  

to excrete solar biofuels 

Low cost photo  

bioreactor technology 

C5 & C6 cofermentation ; biomass 

 N ïrecycle HTE, m-array bioreactors 

Genomics & (Directed) evolution 

CO2 + solar light  

based (3rd gen) biofuels 

Low-cost lignocellulosic pretreatment 

technology for efficient fail-proof intermediate:  

low cost sugar (C5/6) platform 

1st gen. advanced  

liquid biofuels 

(hydro carbon-like) 

2nd gen lignocellulosic  EtOH 

 pilot and demonstration plants 

2nd gen lignocellulosic  EtOH 

commercial plants 

System 

Process  

Engineering  

Develop 

Basic Hardware 

Enabling  

Technology 

Basic Science 

deploy 

discovery 

discovery 

demonstrate 

Solution 

(piloting) 

Low-cost lignocellulosic,  

thermostable enzymes 

Abengoa Bioenergy: 

ñ1.3 million gallon/year 

capacity demo 

plantò.ô09 

ñthe advances made by Joule 

Unlimited to achieve direct, 

continuous conversion of solar 

energy to renewable diesel at 15,000 

gallons/acre/year ò2010 

ñShell and Cosan Form 

$12bn Ethanol Joint Venture 

Raizen 21/11/2011 

Amyris: ñis scheduled to be in 

full production of Amyris 

renewable products by Q2  

2012. 

DSM-TUD-B-Basic: 

ñall you can eat 

yeastò.2011 

Genencor / Novozymes / 

DSM: ñcommercial 

hydrolytic enzymesò.ô10 

Sime Darby-Mitsui: ñconvert 

oil palm empty fruit bunches, 

or EFB, into bioethanolò.2010 

GranBio 147 M$ = 464 mRM (160 ktpa 
sugars > 82 mio m3 ethanol) 

ChemTex + Novozymes + DSM 

DuPont 235 M$ = 744 mRM (200 ktpa hydrolysate 

sugars > 100 mio m3 ethanol) 

POET/DSM 250 M$ = 790 mRM (300 biomass > 160 

ktpa sugars > 100 mio m3 ethanol) 

Roadmap for tech innovations in the Chemical and Energy sectors :  Energy | liquid biofuels 

*  

*  

*  



*  

http://www.google.nl/imgres?imgurl=http://www.mbaknol.com/wp-content/uploads/2010/09/intel-inside-mbaknol.png&imgrefurl=http://www.mbaknol.com/management-case-studies/case-study-intel-inside-campaign-by-intel/&usg=__TxciDGfLuZotckm8ruTOc3EN3fI=&h=368&w=400&sz=78&hl=en&start=8&zoom=1&tbnid=phoJaxnqfVHKyM:&tbnh=114&tbnw=124&ei=GgxgUda_F4id0wWhyYDACg&prev=/search?q=intel+inside&um=1&hl=en&sa=N&rlz=1T4SKPB_enNL373NL373&tbm=isch&um=1&itbs=1&sa=X&ved=0CDoQrQMwBw




ódecadesô : process / agro / logistics are slow industries 

0,1 

1 

10 

100 

1000 

10000 

0 5 10 15 20 25 

agro & logistic systems  

commercial  

demo  

pilot  

new product, new application  

existing product, new application  in
ve

s
tm

e
n

t 
(

m
io

 e
u
r
o
ô
s
)

 

years  

Example: Brazilian ethanol learning curve:  
 4x cost reduction in 30 yrs  /20 x volume increase  
vd Wall Bake et al. Biomass & Bioenergy 33, 644 -658, 2009  



Oberhausen 

Köln 

Rotterdam 

Terneuzen 

Geleen 

Marl 

Ludwigshafen 

Feluy 

Jemeppe 

Frankfurt 

Antwerpen 

Tessenderlo 

ARG Connections tons 

Connected Ethylene Supply  

Connected Ethylene Derivatives 

11m 

18m 

ARG Pipeline 

Connected pipelines 

bio-ethylene products 

Large scale ethanol-to-

ethylene conversion is 

feasible in Rôdam. 

tomorrow. 

sustainable ethanol can green EU plastics industry fast 

http://www.google.nl/imgres?imgurl=http://www.mymaterial.com.my/foam/images/product_image/polyethylene-foam-in-sheets.jpg&imgrefurl=http://www.mymaterial.com.my/foam/mymaterial-products-menu/2-industry-material-products-cross-linked-polyethylene-foam&h=419&w=590&sz=32&tbnid=QQXFev1x4gmaBM:&tbnh=96&tbnw=135&prev=/images?q=polyethylene+foam&hl=en&usg=__P8ZjKjjK0ncCayC3yff9FK5lNek=&ei=bJCGS_-_LYX1-QaGyJXkDQ&sa=X&oi=image_result&resnum=6&ct=image&ved=0CCAQ9QEwBQ
http://www.google.nl/imgres?imgurl=http://www.deccofelt.com/images/circles/big/polyethylene_foam_tape-big.jpg&imgrefurl=http://www.deccofelt.com/materials.htm&h=800&w=800&sz=41&tbnid=fuow86lGDxzpQM:&tbnh=143&tbnw=143&prev=/images?q=polyethylene+foam&hl=en&usg=__7zm87pbyvQr7kAGVZIRiYgKSX7k=&ei=bJCGS_-_LYX1-QaGyJXkDQ&sa=X&oi=image_result&resnum=7&ct=image&ved=0CCIQ9QEwBg
http://images.google.nl/imgres?imgurl=http://img.directindustry.com/images_di/photo-g/polyethylene-foam-profile-389619.jpg&imgrefurl=http://www.directindustry.com/prod/abriso/polyethylene-foam-profile-60266-389619.html&usg=__AqJH_LycRYikRNo4Zv1t67xoayo=&h=480&w=640&sz=35&hl=en&start=10&um=1&itbs=1&tbnid=4fKa7o67MtnGfM:&tbnh=103&tbnw=137&prev=/images?q=polyethylene+foam&um=1&hl=en&sa=N&tbs=isch:1
http://images.google.nl/imgres?imgurl=http://www.ufpt.com/images/polyethyleneFoam.jpg&imgrefurl=http://www.ufpt.com/united-foam/polyethylene.asp&usg=__9iH7QveRleODnszP4ngYkcAoEOI=&h=324&w=275&sz=59&hl=en&start=7&um=1&itbs=1&tbnid=csxITMZkjRtw_M:&tbnh=118&tbnw=100&prev=/images?q=polyethylene+foam&um=1&hl=en&sa=N&tbs=isch:1
http://images.google.nl/imgres?imgurl=http://product-image.tradeindia.com/00088240/b/0/Expanded-Polyethylene-Foam-Sheet.jpg&imgrefurl=http://goldcoinfoam.tradeindia.com/Exporters_Suppliers/Exporter6720.88240/Expanded-Polyethylene-Foam-Sheet.html&usg=__KCM1v7sZYwXGiC_jdaeZ_V8N5eA=&h=338&w=450&sz=236&hl=en&start=13&um=1&itbs=1&tbnid=0WhREPwsm0fmEM:&tbnh=95&tbnw=127&prev=/images?q=polyethylene+foam&um=1&hl=en&sa=N&tbs=isch:1
http://images.google.nl/imgres?imgurl=http://img.directindustry.com/images_di/photo-g/polyethylene-foam-protective-packaging-389617.jpg&imgrefurl=http://www.directindustry.com/prod/abriso/polyethylene-foam-protective-packaging-60266-389617.html&usg=__xHW9CoqZzlJ-enElCRFjHCyyXPM=&h=494&w=661&sz=48&hl=en&start=33&um=1&itbs=1&tbnid=tX0sMrzxC7AvDM:&tbnh=103&tbnw=138&prev=/images?q=polyethylene+foam&start=18&um=1&hl=en&sa=N&ndsp=18&tbs=isch:1


BBE roadmap and (direct) economic impact (ô08) 

56 (25 %)  

8 (4 %)  

NL chemistry 2010: ú 13 bn GDP (3%) / ú 47 bn sales / 20% export ;  

NL energy ú 11.2 bn GDP (2.2%) / ú 30 bn sales  

Internat HighTech 

Chemôs, fuels & 

materials 

0  50  100  
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0  

200  
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0  
domestic 
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(incl indirect: 4-5% GDP) 

National LowTech  

EU & electricity focus 

todays technology 
ú 2-3 bn/yr 

2030 

2020 

2030 
2010 

1000  



Reference numbers  

Å Biomass   15 PJ/MT   1 

Å Oil/gas   45 PJ/MT   3 (150 MT)  

Å GDP energy  15 bn  EUR 

Å GDP chemicals  15 bn  EUR  ~ 200 MEUR/MT  

Å CH2 (1) + 1.5 O2 -> CO2 (3) + H2O  

Å CH2O (1) + O2 -> CO2 (1.5) + H2O  

 

Å Kerosine  (NL):    4 (2015) >> 7 MT/ yr  (2050)  

Å Kerosine  (óEUô) ~ 12 (2015) >> 24 MT/yr  (2050)  
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BBE and fossil displacement 
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ñfossil GDPò 



0         17       33 oil/gas Mton/yr (150!) 

0         50     100 CO2 Mton/yr 

BBE displaces fossil: requires investment & differential GDP  

  (high + right) technology & volume 
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2020 2030 2010 

AgroPolo targets 

System 

Process  

Engineering  

Develop 

Basic Hardware 

Enabling  

Technology 

Basic Science 

deploy 

discovery 

discovery 

demonstrate 

Solution 

(piloting) 

Roadmap for techno-economic  innovations in BBE sectors :  AgroPolo - topics 
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*  PPP-models for bioeconomy  
Type Players example 

R&D / testing / 
technological 
innovation  

academia & industry, industry-
industry 

BE-Basic, EBI, CLIB, IAR, 
TWB, testing / pilot 
facilities 

Market development  auctions, cooperatives, market place, 
commodity / stock exchanges, 
blending mandates, launching 
costumer 

(wood) pellets, sugar, agro-
commodities, flowers, 
vegetables, Etanol (BR) 

Infrastructure industry & government,  
ngo (ecosystems services),  
agri-cultural 

Rotterdam port extension, 
agri-zoning, land 
consolidation* 

Sustainability criteria 
/ certification 

industry, ngo, academia, (gov.) w{. Ҍ мллΩǎ ƻǘƘŜǊǎΣ {/ht9 κ 
IPCC / Lorentz BioPanel 

Investment/ 
implementation 

(institutional) investors, industry, 
governments (state-owned, subsidy), 
development banks (regional, EIB), 
Worldbank Group 

many (most) 2nd 
lignocellulosics plants 
multifunctional landscape 
(restoration) projects WB 

* ruilverkaveling 



Winning Team  

2013 LST MSc  

Design Competition  

woodpellets  + é Č power/heat + ethanol + biochemical + úú  (instead of ïSDE )  

http://www.rabobank.nl/particulieren/


conclusions  

Å BBE can be a great opportunity for targetted  agro - forestry re -

industralization  towards more, sustainable impact  

Å Economy and climate go hand in hand  

Å It is good to look back and learn: but the industry of 

tomorrow maybe has to be created.  

Å Tools as roadmaps and macro -economic impact studies can 

help to quantify scenarios, explore measures but é 

Å targets  must be set by society, industry, academia   

  >>> THUS BY YOU !  



Back -up slides  

Å palm ówasteô in Malaysia  

Å REDEFINERY 

Å BE-Basic  



Technology development, maturity and learning curves  ...  
  é learn from best- practices elsewhere (Brazilian ethanol case)  

Government supported R&D&I  

and market competition: 

 4 x cost cut ! 



Palm: 10 x more biomass then oil -ñByproduct-to-Bioproductò 


