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Projected sea‐level rise and northern‐hemisphere 
summer heat events in a 2°C world and a 4°C world

• Increased sea‐level 
rise from 70 cm to 
more than a meter

• Increased 
frequency of 
extreme and 
unprecedented 
heat events

• … and 75% of the 
poor in dev (agro) 
countries  are hit 
first

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

Global drivers for a BBE ?

• more people with more wealth

• less nett GHG emission (global warming) 

and/or climate adaptation

• politics (security of oil/gas supply)

• innovation, rural income and economic development

• increasing (and decreasing) prices of resources

• in time*, limited fossil reserves 

• add sustainability to food chain 

• add value to food chain and prevent hunger

Pick your personal selection !

People, planet and profit strongly interlinked 

people 
(jobs/ha)

profit-logistics
(mio ton/yr)

planet-GHG
(mio ton/yr)
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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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Impact on NL 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
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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)

Biobased technology is/gets there
“any” chemical can be produced from biobased
feedstocks – by chemo / bio / thermo catalysis 

but not all make sense

cost (benefit)
emission (reduction)
resource efficiency

yield is central parameter in both

12Werpy & Peterson, 2004
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“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 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)

*
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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 “Visie Duurzame Luchtvaart”. SER Report Van der Wielen et al.
June 2014. adopting NL to ATAG ambitions

Carbon neutral 
growth

50% GHG 
emission wrt ‘05

KLM 1% biofuels 
in ‘15

*
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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 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

*
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Synthetic Biology in the real world?

glucose

xylose

arabinose

acetate

glycerol

furanics

commercial product 
based patent portfolio

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 –recycle HTE, -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: 
“1.3 million gallon/year 

capacity demo 
plant”.’09

“the advances made by Joule 
Unlimited to achieve direct, 

continuous conversion of solar 
energy to renewable diesel at 15,000 

gallons/acre/year ”2010

“Shell and Cosan Form 
$12bn Ethanol Joint Venture 

Raizen 21/11/2011

Amyris: “is scheduled to be in full 
production of Amyris renewable 

products by Q2  2012.

DSM-TUD-B-Basic: “all 
you can eat yeast”.2011

Genencor / 
Novozymes / DSM: 

“commercial hydrolytic 
enzymes”.2010

Sime Darby-Mitsui: “convert 
oil palm empty fruit bunches, 
or EFB, into bioethanol”.2010

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

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)

Amyris-Total: “meets 
production target”.2013

2015-2020 pilot 
plants are critical: 
to debottleneck, 

optimise the 
pioneer plants, and 
generate nth plant 

options

*

‘decades’ : process / agro / logistics are slow industries

0,1
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pilot

new product, new application
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’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 R’dam.
tomorrow.

sustainable ethanol can green EU plastics industry fast
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BBE roadmap and (direct) economic impact (’08)

56 (25 %)

8 (4 %)

NL chemistry 2010: € 13 bn GDP (3%) / € 47 bn sales / 20% export ; 
NL energy € 11.2 bn GDP (2.2%) / € 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

20302010

1000

Biorefinery structure - biomass to integral value

• tune portfolio value renewable energy/fuels/chemicals

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

30% for palm oil biomass) and conversion costs

• energy/heat, water, and nutrient integration

• need for cross-industry sector collab’s (JVs, trade, co-op’s,…)

conversion 
to fuels fuel

conversion 
to chemicals

conversion to 
power/heat

pretreatment / 
hydrolysis

harvest / 
logistics

chemicals/
materials

renewable
power/heat

nutrients/water

‘switch’

food/feed

28

Wood
Chips
4000
ktpa
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686L914L

100700
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250
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30400
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100
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29

Wood
Chips
4000
ktpa

Ethanol

Ethe
ne

EtOx

EC

PE
C

i-Butene

Lactic
acid

PLA Acrylic
acid

Succini
c acid

1,4 
BDO

Methanol

3HP

GTB
E

PE
PP

1,2 PDO

1,3 PDO

Acetic
acid

Syngas

MEG

MCA

i-Butanol

PX

DMC

THF

Biosene

SHC

Authors: Kim Meulenbroeks/
Jan van Breugel

29

Winning Team

2013 LST MSc 

Design Competition

woodpellets + …  power/heat + ethanol + biochemical + €€ (instead of –SDE)
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wood chips at ‘mid price’ 

cost of /return on capital at market conform pricing included

Equal to wood
Bunker oil

0
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500

0 200 400 600 800

€
/t
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€/t lignin
(or ‘residues’)

4 Mt/a

1.5 Mt/a

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

Economics of a multiproduct REDEFINERY

& Kerosine

Coal value

NPV= 0  at various scales

various scales

Transfer prices

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

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

 Fixed wood chips price of 130 €/t.

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. 

Jan van Breugel, Rafaela Tavares, Luuk van der Wielen

33

Wood chips value
Pyrolysis bio‐oil

NPV>0

NPV<0

Phenol/ polyolsCoal Aromatics
Bitumen

Hydrocracking

NL Reference numbers

• Biomass 15 PJ/MT 1

• Oil/gas 45 PJ/MT 3 (150 MT)

• GDP energy 15 bn EUR

• GDP chemicals 15 bn EUR ~ 200 MEUR/MT

• CH2 (1) + 1.5 O2 -> CO2 (3) + H2O

• CH2O (1) + O2 -> CO2 (1.5) + H2O

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

• Kerosene (‘EU’) ~ 12 (2015) >> 24 MT/yr (2050)

0 17 33 oil/gas Mton/yr (150!)
0 50 100 CO2 Mton/yr

BBE and fossil displacement (MEV I (‘08), MEV II (‘16)

56 (25 %)

8 (4 %)

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

20302010

“fossil GDP”

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 %)

8 (4 %)

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

20302010

1000

“fossil GDP”
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0

5000

10000

15000

20000

25000

fossil

Today  (1G)

Tomorrow (2G)

Biofuels (1G+2G)

bio* ~ 2G

Underlying bio/fossil aviation fuel scenario in Brazil

-35%
-80%

fossil

2020: Carbon 
neutral growth

2050: 50% GHG 
emission reduction

Predicted jet fuel use (kton/year) based
on historical Brazil 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 mo’s
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 MARKETFull integral 

biorefinery

Debottleneck 
pretreatment .

Biogas for barging and 
on-mill transport.

Debottleneck biomass 
storage.

Crop development 
rel. biomass priority.

Sugar/ energy cane –
develop processing 

infrastructure further.

Other platforms then 
yeasts, bacteria (algae 

and cyanobacteria)

Solar fuels using reverse water shift; new pathways 
– cheap electricity

Develop lignin uses 
(biofuel and other ligno-

urethanes etc)

Marine biofuel 
specification for ‘Bio-
HFO’ 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 BF’s)

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 (~ 100’s 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 – Energy 

Cane, Macauba others

Decision support 
tools/scenario analysis

CAPEX / FINAN 
ENGINEERING

MARKET
ENGINEERING

PROD/ TRADE/ 
CONSUMP ENG’NG

LEGAL (NON-
FOSSIL) ENG’NG

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

aviation biofuels

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

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

SCALE-UP

2015: 6 Mton 
(fossil) Jet A1

2040 205020302020

Brazil driver : low cost 
sustainable supply chain 
for 20+ MT/a biojet fuel 
at 90% GHG reduction 

STRUCTURE

continued certification

Decision support 
tools/scenario analysis

Final report 
due jan 2017
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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.) RSB + 100’s others, SCOPE / 
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

conclusions

• biorenewables can play critical role in chemical & materials 

industry, far ‘beyond bioethanol’ and 

• in sustainable (people, planet, profit) development 

• no premiums & subsidies: need to be integral part of 

chemicals/ fuels/ food/ energy /logistics system (> 2030)

• fuels with priority for sectors w/o alternatives

• public-private partnerships are required to speed-up 

development and implementation, in professional setting

Back-up slides About us: www.BE-Basic.org/downloads
*
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RD & Innovation strategy

Focus: (1) start-ups , (2) training bio-engineers, (3) pilot facilities

DISCOVER    DEVELOP      DEMO     DEPLOY 

B-Basic &
Ecogenomics
2004-2009

front end

high risk

unbound

failure is 
an option

early spin-outs

new processes 
and products

new companies

new monitoring 
methods

new approaches
(e.g. Smart Soil
for CO2 capture)

in via partners

DISCOVER    DEVELOP DEMO     DEPLOY 

B-Basic &
Ecogenomics
2004-2009

B-Basic
2004-2010

fuzzy 

wild ideas

high risk

unbound

failure is 
an option

early spin-outs

new processes 
and products

new companies

new monitoring 
methods

new approaches
(e.g. Smart Soil
for CO2 capture)

spin-spin-

unbound

pilot 
plant

demo 
plant

full 
plant

lab 
R&D

BE-Basic
2010-2015

F1 Carbon F2 Nitrogen F3 Recycle F4 Biomat.

F5 Bioprocess Engineering

F6 Synthetic Biology & F10 Genomics

F7 Metagenomics mining & F10 Genomics

F8 Environ impacts of biobased products/processes

F9 Societal embedding  (incl Integrat.biofuels/plastics project)

biobased technologies & systems (push)

Open innovation model in shells

<x> multiplier = (project $ / company $)
budget : risk – impact mapping

core

necessary

differentiating, full IP <1>

access to IP & skills, 
JV or B2B partners <1..2>

strategic

• background knowledge, generate IP 
public private HR-PR <4>

‘nice to know’

relevant academics/fields, scout IP 
science foundation, inspiration vv, HR-PR <10>

conferences

relevant fields, scout/set options-trends
inspiration vv, HR-PR-reputation <100>

+

innovation budget + FTE
(incl follow-up)

BE-Basic, other PPS

science foundation, EU, ...

joint ventures

• alt.: VC-fund, monitor deal 
flow IP private-private <4..10>

*
Bioprocess Pilot Facility at Delft Biotech Campus N

operational since mid 2012, while being renovated (www.bpf.eu)

80 M€ public-private investment

*

Bioprocess Pilot Facility at Delft Biotech Campus N

operational since 2012, renovation complete 2014 (www.bpf.eu)

80 M€ public-private investment

• SCOPE / UNEP / UNESCO
• 137 authors from 24 countries of 82 

institutes, peer reviewed, 800 p
• BE-Basic: 9* of 21 chapters
• Launches 2015: Sao Paulo (FAPESP), Nairobi 

(UN), W’ton DC (Worldbank), Brussels (EU)

Modern & sustainable ‘bioenergy’ can improve security
of energy, income & food, environment and climate by 

improved agricultural management, balanced residue use 
while maintaining soil quality/carbon accumulation, 
biodiversity replacing traditional (solid) biomass use by 
modern (liquid & gas, chemicals & materials), and 
applying cascading principles
Download: http://bioenfapesp.org/scopebioenergy/index.php 
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BE-Basic 10 years Synthetic Biology in the real world?

glucose

xylose

arabinose

acetate

glycerol

furanics

commercial product 
based patent portfolio

Successful SME’s in BE-Basic (Q1 2013)

• TUD-spin-out discovered FDCA-technology for sustainable PET-

replacement (’09), developed in BE-Basic (’10-’11) for further 

commercialisation in Purac (mar’13)

• WUR-starter pioneer in chemicals from 

waste streams, closes series A investment 

with Horizon3 and DGF* (5 apr 2013)

• TUD starter (oct’12) with BPF, TUD, VC

develops advanced biorenewables processes

… and more to come !

DḀB

The other 70% : FDCA for “BioPEF”

biomass

HM-furOH

• Top-12 value-added chemicals from biomass

• Platform chemical - market size 4-12 bn $/yr

• Replace terephthalate in 15 mio ton polymers

• Concept in B-Basic (TUD/TNO - ’09) – FDCA direct 
production from lignocellulosic HMF

• indust biocat (BIRD Eng /TUD-’09) – bioprocess 
(BIRD –’10) – invest round - piloting (BE-Basic-’11)

• 2013 - acquisition of BIRD Eng / FDCA by Purac kg-scale process

trends in biobased production

production [kT/yr]

concentration from reactor [kg/m3]

0,01

0,1

1

10

100

1000

10000

0,001 0,1 10 1000 100000

petrochemicals

bio-bulk

active ingredients

biopharma

Cooney, ‘84

0,01 1 10 100 1000

MAb, HSA

antibiotics, 
nutraceuticals

bioplastics
(PLA, PHA, PDO, ...)

(2nd gen) biofuels

co
st

 p
ric

e 
($

/lb
)

Bioconstruction materials
(self-healing, cement, 
bioconcrete,biogrout,

bioasphalt,, …)

In-situ concrete by carbonate fixation

Biogrout & bioconcrete: from soft soil to rock solid
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100 micrometer (10-4 m)

Van Paassen Animations © 62

palmitic acid

glycerol
sugars

methane

butanol

propionic acid

ethanol

succinic acid

citric acid

lactic acid

p-xylene
crude oil

syngas

0.25

adipic/acrylic

ethylene

propylene

jetfuel/diesel

1,4 BDO

0.5

1.0

0.3

1.1

0.4

0.3

CO2

biomass

lignine
methanol

feedstocks

Hcomb

105 J/kg

600

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


