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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

Å… and 75% of the 
poor in dev (agro) 
countries  are hit 
first
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Atmospheric CO2 is now higher than it’s been for 
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
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Global drivers for a BBE ?

Åmore people with more wealth

Åless nett GHG emission (global warming) 

and/or climate adaptation

Åpolitics (security of oil/gas supply)

Åinnovation, rural income and economic development

Åincreasing (and decreasing) prices of resources

Åin time*, limited fossil reserves 

Åadd sustainability to food chain 

Åadd value to food chain and prevent hunger

Pick your personal selection !
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… this enables the largest industry cluster worldwide
Regional priorities: chemical 

sector and transport w/o 
alternatives (aviation etc)
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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
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Any colour
Tougher and lighter than steel 
Made from renewable resources and degradable,

yet resistant to fungal/bacterial degradation
Hydrophobic, sticky and/or edible when necessary
Tougher and more sustainable than ‘super-polymers’ Twaron*/Kevlar/Dyneema*

(“NL in-side”)

Spiderôs silk



In -situ production of spiderôs silk

“Nature” developed integrated production of building blocks, 
link and structure them, coat the fiber bundles, and produce
‘in-situ’ the web as a functional device.
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Bernal – materials-centric

Structured and 
functional 
materials: 
(in)organic, 
composites, 
biomaterials, 

tissue, implants

Manufacture to a 
functional device

or product

for broad range of 
societal/industrial 

sectors

Producing, linking 
and structuring 

(formulate) 
building blocks

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwifje7U1_3RAhVH7hoKHaklDKsQjRwIBw&url=http://www.rsc.org/events/detail/25212/bernal-institute-distinguished-lecture-series-prof-michael-okeeffe&psig=AFQjCNGV5QlZwgQ5EJ0QRvP-P3bZAYBXCA&ust=1486546561883088


contents

Å urgency and opportunities 

Å guiding principles

Å (macro) economic impact ïintegral development

Å structuring BBE developments - roadmaps

Å public -private partnerships: BE -Basic, AgroPolo , others,é

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwifje7U1_3RAhVH7hoKHaklDKsQjRwIBw&url=http://www.rsc.org/events/detail/25212/bernal-institute-distinguished-lecture-series-prof-michael-okeeffe&psig=AFQjCNGV5QlZwgQ5EJ0QRvP-P3bZAYBXCA&ust=1486546561883088


drop-outs ?

mass yield matters: products are sold per tonne

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)
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Cost price due to feedstock, waste and separation costs
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In-situ concrete by carbonate fixation

Biogrout & bioconcrete: from soft soil to rock solid

http://www.deltares.nl/xmlpages/page/deltares


trends in biobased production

production [kT/yr]
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(self-healing, cement, 

bioconcrete,biogrout, 

bioasphalt,, é)
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Copernicus Institute of Sustainable Development

Regional impact ïthe devil is in the detail ï

reliable data/model ïdomestic & international ..
structure of the

national and
regional
economy

Local Climate
conditions

(precipitation , 
temperature , 

wind, etc )

Infrastructure

Hydrology

Biodiversity Carbon stock

Local and national
policy (energy, 

trade , agri , 
conservation , 

forest etc )

Current and
previous land 

use

Population
density , 

urbanisation

Demography , 
education level, 

job 
oppertunties

Population
growt , GDP 

growth , dietary
changes

International 
Trade

Energy Mix

Soil quality (SOC, 
nutritions , 

compaction , 
structure , 
erosivity )

Agro -ecological
suitability

Demand for
food, feed, fuel

Distribution 
and access to

food and
energy

é but needs high level guidelines .
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palmitic acid

glycerol
sugars

methane

butanol

propionic acid

ethanol

succinic acid

citric acid

lactic acid

p-xylene

crude oil

syngas

0.25
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ethylene
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jetfuel/diesel

1,4 BDO
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CO2
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lignine
methanol

DHcomb

10 5 J/kg

600

0

biomass 
yield

Cost contribution of feedstocks

$400/ton

$50.. 130*/ton

$660/ton

$6/ton

$1600/ton

$1200/ton

$400/ton

$800/ton

$402/ton

feedstocks products

Only established market: APEX ENDEX Woodpellets ~ $130*/ton
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methanol

feedstocks

DHcomb

10 5 J/kg
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0

biomass 
yield

Combined (drop - in/substitute/ -out) scenarios ?

products

$400/ton

$50.. 130/ton

$660/ton

$6/ton
biocon -
struction

advanced 
fuels

connect 
2 sectors 
w mega -
volumes
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20Werpy & Peterson, 2004



“Drop-in Greenification” 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

othersuccinic 

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 ChemicalsMarch 

22 2011, Rotterdam 

Biopower

BioPVC

BioHydro

carbons



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

Å Kerosene (óEUô) ~ 12 (2015) >> 24 MT/yr (2050 )

MT is mio tonnes
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BBE roadmap and (direct) economic impact (’08)

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

Chem’s, fuels & 

materials

0 50 100
biomass (eq)

Mton/yr

€ 5-7 bn/yr

€ 1-2 bn/yr

added value
€/ton

0

200

100

€ 2-3 bn/yr

- CO2e

Mton/yr

30

0
domestic

production

target € 20 bn/yr  

(incl indirect: 4-5% GDP)

National LowTech 

EU & electricity focus

todays technology
€ 2-3 bn/yr

2030

2020

2030
2010

1000



Fermentable sugars

Xylose

Plantation image from: biofuel.webgarden.com

Glucose
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Biorefinery structure - biomass to integral value

Å tune portfolio value renewable energy/fuels/chemicals

Å counter-acting scale effects of logistics (5-10% for bagasse, 

30% for palm oil biomass) and conversion costs

Å energy/heat, water, and nutrient integration

Å need for cross-industry sector collabôs (JVs, trade, co-opôs,é)

conversion 

to fuels fuel

conversion 

to chemicals

conversion to 

power/heat

pretreatment / 

hydrolysis

harvest / 

logistics

chemicals/

materials

renewable

power/heat

nutrients/water

óswitchô

food/feed



Structuring principles in metabolism ïkey platforms

Large variety of C-

sources

12 key metabolites Carbon-”Bowtie”

J J Heijnen TUDô10

å 1000 molecules

Un-structured in single organism:

100 feedstock molecules x 1000 metabolic products = 100 000 pathways

Structured via platforms

(100 feed mol + 1000 products) x 12 key metabolites = 13 000 pathways

order of magnitude less “CAPEX” (enzymes, etc)
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DHcomb

10 5 J/kg

platforms

Which platforms (redox/mass balance) ?

feedstocks products
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ethanol

butanol

lignine

succinic

(p)ethylcarb.

urea

woodpellets

formic

crude oils

hydrogen, electricity

ammonia

ethanol

butanol

lignine

sugars
syngas

CO2

jet fuel

aromatics

CO2/biochem

1,2

4,5

1,2,3 4,5

(4)

3
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Chemicals price model so far

û/kgproduct = û/kgfeedstock³kgfeedstock/ kgproduct ³1.5

Cheaper product when less

conversion steps from oil

Feedstock costs Rest

At 100% conversion 100% molar yield
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Other fermentation products than 

ethanol

Price

Price

product

product sugar product

ethanolethanol ethanol

sugar

Mass
Mass Factor

Mass Factor
Mass

=

Ratio ²1Yield ratio

Best-case assumptions 
Å 1-step conversion from sugars
Å Microorganism engineered to convert available sugars feed
Å Sugars are dominating cost factor
Å Multiplication by factor (ca. 1.5) for other costs 
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Competitiveness compared to ethanol 

fermentation
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Calculation results

1. Poor: naphtha products (ethene, propene, butenes, BTX)

2. OK: mono alcohols (1-propanol, 2 -propanol, butanols, 

acetone)

3. Good: diols (ethylene glycol, 1,2 -propylene glycol, 1,4 -

butanediol)

4. Very good: adipic acid, acrylic acid, methyl methacrylate

But is a 1-step conversion by fermentation (or chemocatalysis) 

achievable?



wood chips at ‘mid price’ 

cost of /return on capital at market conform pricing included

Equal to wood
Bunker oil
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London #5 Sugar Price
(26/06/2015)

New York #11 Sugar Price
(03/07/2015)

o

o–transfer price for lignin 
priced as wood at target NPV

Presentation based on public data

NPV>0

NPV<0

REDEFINERY to produce sugars and fuels

& Kerosine

Coal value

NPV= 0  at various scales

various scales
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BioBased

Innovation

ESBES, 2016

Transfer prices

Á Study on costs distribution among the final products, lignin and sugars, for Central plant;

Á Project feasibility: net present value of zero at year 10, IRR 12 %;

Á Fixed wood chips price of 130 €/t.

Wood chips value

Pyrolysis bio-oil

NPV>0

NPV<0

Phenol/ polyols

Coal value Aromatics

Bitumen

Hydrocracking

Either the lignin is sold at lower prices, at 
the expense of the sugars buyers, or at 
higher prices, requiring a high valorisation 
of this material. 
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HFO and other 
bunker fuels

In EUR/ton

Sugars @ 150 = HC @ 600

Lignin @ 500 = HC @ 1000

Oil @ 60/bbl = HC @ 500
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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

56 (25 %)
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SDE ?
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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 aviationfuels

consumption

proposedpath

fossilfuels

biofuels(1G+2G)

Aviation: GHG -reduction via TOI and jet biofuels

improvedtechnology, 
operations, 
infrastructure

aviation
biofuels

From“VisieDuurzame[ǳŎƘǘǾŀŀǊǘέ. SERReportVander Wielenet al.
June2014. adoptingNLto ATAGambitions

Carbon neutral 
growth

50% GHG 
emission wrt ‘05

KLM 1% biofuels 
in ‘15

*
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Fuel-pool composition in 

(kton/year) at 3% net growth of 

fuels consumption

2030 20502015

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

*



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

*

*

*

2015-2020 pilot 

plants are critical: 

to debottleneck, 

optimise the 

pioneer plants, and 

generate nth plant 

options
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Underlying bio/fossil aviation fuel scenario in Brazil

-35%
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fossil

2020: Carbon 
neutral growth

2050: 50% GHG 
emission reduction

Predictedjet fuel use(kton/year) based
on historicalBrazil growth (4.5%)

2014-’50: 3.5 x jet fuel 

towards 100% biojet

2014-’50: ~ 60 000 jobs*

~ 20-40 bn EUR invest*

* direct+indirect , using published numbers



aviation biofuels

Roadmap for techno-economic-societal  innovations in industry sectors : aviation/marine biofuels 

New strains of moôs

for sugar to fuels 

(diesel, kerosine)

SOLAR PLANES

OTHER DISRUPTIONS

Redesign fuel / process 

for 50% blends, and 

GHG -80>-90%

Fleet (marine, aviation) 

mgmt and renewal

PIPE      LINE 

INFRASTRUCTURE

SCALE-UP

Cascading of biocrude to 

marine (low spec) to 

kerosene (high spec) 

Improve crop / 

harvest / storage

Decision support tools 

analysis full value 

chain (risk/uncertainty).

’+’:  SCALE-UP FOR 

EXPORT MARKET
Full integral 

biorefinery

Debottleneck 

pretreatment .

Biogas for barging and 

on-mill transport.

Debottleneck biomass 

storage.

Crop development 

rel. biomass priority.

Sugar/ energy cane ï

develop processing 

infrastructure further.

Other platforms then 

yeasts, bacteria (algae 

and cyanobacteria)

Solar fuels using reverse water shift; new pathways 

ïcheap electricity

Develop lignin uses 

(biofuel and other ligno-

urethanes etc)

Marine biofuel 

specification for óBio-

HFOô and biocrude

Advanced marine 

engine development 

(EUR VI-like) Optimise overall fuel 

portfolio over all uses

Optimise (pilot) ethanol-

to-fuels, incl catalyst dev.

Optim. (pilot) LC/sugars 

to-fuels, incl catalyst dev.

Optimise and 

integrate sewage use 

in sugar, oil & 

pulp/paper mills.

Black liquor HTL/ 

gasification.

Logistics (distributed, 

hub, central) optim.

Rethink agro-integration 

(macauba/cattle, pasture 

intens + protein2cattle,...)

Compressed  (CBG) or 

liquified (LBG) biogas for 

road, ship, other use

Systems integration: 

water, energy nutrients

Pilot biocrude (PO, 

HTL) to diesel/ jet

Mature systems mgmt: 

water, energy nutrients

Mature blending 

capacity for > 50%

Integrate 1G / 2G (and 

advanced BFôs)

H2-tech integration NH3 

fertiliser / electrolysis

Broad scenario analysis

Logistics & process 

minimum size/scale

Test/ demo upgraded 

engines for high blends.

Modular scalable 

technology for small 

sites (~ 100ôs kt/yr)

Reliable data (base)

To prioritise / rank / plan/ develop 

crop/ feedstock production in time

? Indep BR test lab. 

Mixed opinions ?

Invest in nth LC 

production plant

Build Braz. 

Equipm. industry

2015: 6 Mton

(fossil) Jet A1

Hybrid/dual fuel planes

Waste to transport fuels 

(methane, MeOH).

Pilot integrated macauba

oil and LC -plant

Commercial scale 

integration LC / Fuels / 

Chemicals (Bio4Ever)

Upgrade engines

Pilot Solar (bio)fuels 

renew carbon.

Scale-up biocrude (PO, 

HTL) to diesel/ jet from 

LC feedstock

2040 205020302020

New energy crops at 

large scale ïEnergy 

Cane, Macauba others

Decision support 
tools/scenario analysis

CAPEX / FINAN 

ENGINEERING

MARKET

ENGINEERING

PROD/ TRADE/ 

CONSUMP ENGôNG

LEGAL (NON-

FOSSIL) ENGôNG

SOLAR FUELS 

(FREE ELEC)

2050 : low cost sustainable 

supply chain 20+ MT/a biojet

fuel at 90% GHG reduction 

STRUCTURE

continued certification

Deploy (9) roll-

out, systems 

solution)

Develop (5-6) 

Basic hardware, 

validation

Enabling 

Technology

Discovery (1-4)

Discovery (1-4)

Basic Science, 

Proof of 

Concept)

Demo (7-8)

1st demo plant



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)

*
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aviation biofuels

Roadmap for techno-economic-societal  innovations in industry sectors : aviation/marine biofuels 

New strains of moôs

for sugar to fuels 

(diesel, kerosine)
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mgmt and renewal
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marine (low spec) to 
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Improve crop / 
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Decision support tools 

analysis full value 
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EXPORT MARKET
Full integral 
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pretreatment .
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develop processing 

infrastructure further.
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Optimise (pilot) ethanol-
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Optimise and 

integrate sewage use 

in sugar, oil & 
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Black liquor HTL/ 

gasification.

Logistics (distributed, 

hub, central) optim.

Rethink agro-integration 

(macauba/cattle, pasture 

intens + protein2cattle,...)

Compressed  (CBG) or 
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road, ship, other use
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water, energy nutrients
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HTL) to diesel/ jet
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capacity for > 50%
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Broad scenario analysis
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minimum size/scale

Test/ demo upgraded 

engines for high blends.

Modular scalable 
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sites (~ 100ôs kt/yr)
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To prioritise / rank / plan/ develop 

crop/ feedstock production in time

? Indep BR test lab. 

Mixed opinions ?
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production plant
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Pilot integrated macauba
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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, marketplace, 
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.) RSB + 100’s others, SCOPE / 
IPCC / Lorentz BioPanel

Investment/ 
implementation

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

many (most) 2nd

lignocellulosicsplants
multifunctional landscape
(restoration) projects WB

* ruilverkaveling



conclusions

Å BBE can be a great opportunity for impact investments 

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 No single industry can solve this problem: role for ócollectiveô

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 !
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Å 40% reductionemissionsNOT possiblewithout biomass: 
max 3% in 2020 & 7% in 2030. 

Å alsomore renewableoptions required(wind, solar, biofuelsAND CCS)
Å contribution biomass in renewable energy in 2020-2030 is 50–60%

Å high technology development: biomass competitive in advanced applications 
(biofuels for heavy transport, bio-based chemicals)

Å chemical sector increase by 2030: 
EUR 2 Bn/yr in GlobHighTechscenario.
‘bio’ chemical jobs partly compensating 
decline of ‘fossil’ employment 

Å open biomass trade+ rapid techn. change: 
GDP increase of Euro 1 bn per year

NL Macro - economic study 2016



Developments 2016:
Å 2 consortia for PoRactive (e.g. Bio4Ever)
Å Eemscluster (AKZO/Enerkem) > R’dam
Å HbR/DRIFT –initiative –HbR follow-up
Å 2017 Design Competition (BE-Basic/CLIB/BIOEN)
Å Aviation Biofuels –SDE support > NL Roadmap
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