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Projected sea-level rise and northern-hemisphere

“summer heat events in a 2AC world and a 4/C world
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Atmospheric CO, is now higher than it’s been for
650,000 years and increasing rapidly
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This graph, based on the OSpheric samples contained in ice
cores and more recent direct measurements, provides evidence that
atmosgoheric Cohas increased since the Industrial Revolution. (Source: NOAA
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* obal drivers for a BBE ?

Amore people with more wealth
Aless nett GHG emission (global warming)
and/or climate adaptation
Apolitics (security of oil/gas supply)
Ainnovation, rural income and economic development
Aincreasing (and decreasing) prices of resources
Ain time*, limited fossil reserves

Aadd sustainability to food chain

Aadd value to food chain and prevent hunger

Pick your personal selection !
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Regional priorities: chemical

... this enables the largest industry sector and transport w/o

alternatives (aviation etc)

o=

Population: 40,5 M f’-
GDP: 1.372 Bn Euro
GDP/capita: 33.586 Euro :
Industry: ca. 25 % contr. GDP HEEHSRETELT L1,

GDP: 579 Bn Euro
Agro&Food: 150 Bn Euro GDP/capita: 34.059
Chemical: 168 Bn Euro

Industry: 29% contr. GDP
Chemical: 60 Bn Euro Revenue

Population: 17,5 M
GDP: 582 Bn Euro
GDP/capita: 33.257

Industry: 25,4% contr. GDP
Chemical: 65 Bn Euro Revenue

Population: 6.35 M
GDP: 221 Bn Euro
GDP/capita: 33.400

Industry: 19,5% contr. GDP
Chemical: 43 Bn Euro Revenue
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S{iStainable ethanol 'can green EU plastics industry fast

Large scale ethanol-to-
ethylene conversion is
f e as | b I e | 3y ARG Connestions

tomorrow. Connected Ethylene Supply

11m

Connected Ethylene Derivatives 18m

plo-ethylene pgoducts

— ARG Pipeline

m—CONNected pipelines
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Any colour
Tougher and lighter than steel \
Made from renewable resources and degradable,
yet resistant to fungal/bacterial degradation
Hydro ic, sticky and/or edible when necessary

d more sustainable than ‘super-polymers’ Twaron*/Kevlar/Dyneema*

(“NL in-side”)



In -situ productionof s p/7 der 0s s

“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

Producing, linking
and structuring

(formulate)
building blocks

Structured and
functional
materials:
(in)organic,

composites,
biomaterials,
tissue, implants

Manufacture to a
functional device
or product

for broad range of
societal/industrial
sectors
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ass yield matters: products are sold per tonne

energy density
Increases

substitutes

drop-outs ? N @ sugars, lactic

lomass @ ()

ethanol
CHZOO.S

natural gas

C crude fuels (energy dense) &
oil polymers (PE,PP, PS, PVC)

drop-ins

mass composition biobased and fossil
Bernal % FUDelft feedstocks and products
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)St price due to feedstock, waste and separation costs

concentration from reactor [kg/m3]
0,1 1 10 100 1000

€ and most of costs i
(water) separation

1000
100
waste
bio-bulk [ka/kd]
10
petrochemicals

cost price ($/lb)

1 1
0,1 0,1
Cooney, 084
0,01 ‘ ‘ ‘ 0,01
0,001 0,1 10 1000 100000

%es‘%?tﬂlte 'i"u Delft production [KT/yr]
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BIOYIOUL & BIGCONCTELe: from soft soll te reckisolid

In-situ concrete by carbonate fixation
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concentration from reactor [kg/m3]

cost price ($/Ib)
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0,01 1 10 100 1000
10000 _
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""o )
o 2% bio-bulk
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- ¢ : “2 . . .
1+ \ e w ioconstruction materials
. 4 (self-healing, cement,
. . o nue, - bioconcrete,biogrout,
0,1 bioplastics i bioasphalt, |
(PLA, PHA, PDO, ...)
Cooney, 05 4
0,01 ‘ ‘ (2"d gen) biofuels-
0,001 0,1 10 1000 100000 e
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TUDelft production [KT/yr]
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Cost-contribution «of feedstocks

600 T feedstocks products
. methane $1600/ton
biomass ethylene
yield
$660/ton crude oil @ B jetfuel/diesel $1200/ton
‘ 02 B p-xylene
palmitic acid ‘
M butanol
DH comb / M propylene
10~ J/kg B ethanol '~ $800/ton
lignine 4 > / 1,4 BDO
' - %e%%?g IaC|d
| IIO i $400/ton
glycerol ‘ adipic/acrylic
$400/ton sugars 10 > @ Syngas
| biomass ' - lactic acid
$50.. 130*/ton - succinic acid
o \ $402/ton
B citric acid
$6/ton co2
0o ¢
Bernal £ Only established market: APEX ENDEX Woodpellets ~ $130*/ton
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(eMbined:(drop  : -In/substitute/ - ~out) SsCenarios: - 2

600 T feedstocks products
methane
biomass / ethylene
yield
$660/ton crude oil ¢y m 2 dvanced
‘ m fuels
‘ 0.25
Imitic aci
palmitic acid / o butanol
[ propylene
DH comb . /
10 5 J/k ethanol
’ lignine 4 04 / B 1,4 BDO connect
‘ 05 g methanol 2 sectors
' propionic acid
! glycerol Iadipic/acrylic wmega -
. g SYN9as volumes
pacofton | biomass : 10 > M |actic acid
$50.. 130/ton succinic acid
M citric acid
$6/t0(;1 i Ly biocon -
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Biomass Intermediate  Building Secondary Intermediates Products/Uses
Feedstocks Platforms Blocks Chemicals
Industrial
————— e Corrosion INhibtors, dust contnol,
= polier water reatment, gas
Biobased R S T ; s Dn—— purificaton, emisslon abatement,
Starch b A Syn Gas P {:"._.-# [R— specially luoricants, hoses, seals
F ’ ..-':' A — Y \?i/‘ men Transpertation
’ 1- e e e i“:( [R— Fuais, oxygenates, antHreezs, wiper
i ‘}f'\ A Tids molded plastics, car s2ats, Dels
g ———— %’g‘ﬁj —— hoses, bUmpers, cormosion INNIbiors
' — M = r—— Textil
Hemicellulose e gy = Carpets. Fibers, o, Tt
=T Aerrmm ar . Fmnn T e N i *" o coalings, foam cushions, uphalstary,
F L L \ —— | drapes, lyora, spandex

Safe Food Supply
Food packaging, preservatives,

festillzers, pesticioes, Deverage
Sugars botties, appllancas, beverage can
Cellulose Glucose coatings, Witaming
i e Enwvironment
Rylose Water chemicas, fiocculants,
Arabinose chelators, cleansars and detergents
i i Lactase Communication
— 1 | e Moldzd plastics, compater casings,
LIQI‘IIH N Starch optical fiter coatings, lquid crystal
B dlsplays, pens, pencis, Inks, dyes,
4 4 papSr producis
' | Housing

Paints, resing, siging, Insulation,
cemants, coatings, vamishes, Name
retardents, agnesives, capeting

oil]

Recreation

Footgear, protective eguipmant,
camera and fim, bicycke pans & tines,
wet 5ults, tapes-CD's-DVIDVs, golf
equipment, camging gear, boats

Health and Hygiene

Plastic syeglasses, cosmetlcs,
detergents, pharmacauticais, suntan
lotion, medical-dental progucts,
dlsinfectants, aspirin

Protein

Polpren 4 guma.

Figure 3 - Analogous Model of a Biobased Product Flow-chart for Biomass Feedstocks

]
TUDelft Werpy & Peterson, 2004 20




srop-in Greenification™ of Chemical Industry

B substitute

A drop-in

molecules zcid acid -acid

Iso-butylene Ethylene

glycerol

BIOMASS
Biorefinery Gasification
: : Aerobic
Fermentation and other processes Fermentation <
l An-aerobic
\ 4 v
M v v v v v v v
Funct. |actic succinic  gcetic other Iso-butanol ethanol methane SNG

|

A\ 4

Biopower
v

plastics, Preservatives synthet.
thickeners , plastics polymers
glue

Paraxylene
Propylene

S

PET-
bottles

v
Plastics,

surfactants,

BioPVC detergents

BioHydro
carbons [k

Plastics, fertilizer

From: Ton Runneboddm Based Chemicdiarch

22 2011, Rotterdam

=80% chemical industry

carpet methanol
B IC



NL Reference numbers

A Biomass 15 PI/IMT 1

A Oillgas 45 PJIMT 3 (150 MT)

A GDP energy 15 bn EUR

A GDP chemicals 15 bn EUR ~ 200 MEUR/MT

A CH2(1)+1502 ->C02(3)+H20

A CH20 (1) +02 ->CO02(1.5)+ H20

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

A Kerosene (6EUbd) ~ 12 y((20BA)5) >> 2

MT IS mio tonnes

Bernal
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BE roadmap and (direct) economic impact ('08)

200

added value
€/ton

100

€1
0

5
TUDelft
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Bio-based economy in Nederland

target € 20 bn/yr

0

e’ (incl indirect: 4-5% GDP)
Bz Internat HighTech -
Chem’s, fuels & 56 (25 %)
materials
B - CO2e
Mton/yr
2020
' | + 30
National LowTech
B EU & electricity focus
todays technology 0
w2@Pryr----- - ! 8 (4 %)
Iyr
L. . | 0
“domestic biomass (eq)
production Mton/yr 100 E
NL chemistry2010: 4 13 bn GDP (3%) [/ ua 47
NL energy U 11.2 bn GDP (2.2%) [/ u 30



Fermentable sugars
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harvest /
logistics

N

nutrients/water

N

pretreatment /
hydrolysis

Gwitcho

N

A4

conversion to
power/heat

N
7

conversion
to fuels

N

Vv

conversion
to chemicals

—> chemicals/

materials

N

5 renewable

Vv

A tune portfolio value renewable energy/fuels/chemicals

power/heat

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

30% for palm oil biomass) and conversion costs

A energy/heat, water, and nutrient integration

4 -.
TUDeIft& needforcross-i ndustry

sector

colplbab

J V¢



S{fdCturNg principles-in metabolism

Large variety of C-
\ou lrces

12 key metabolites

400m1\<ecul es

Un-structured in single organism:

Carbon-"Bowtie”
J J Heijnen TUDOG]

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)

Bernal
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Which platforms (redoximass balance) ?

feedstocks platforms products

hydrogen, electricity

: x jetfuel
crude oils -7 : _
e ‘f—v aromatics
DHcomb _= butanol <~ = —v= = =» butanol
7/
7/
105 J/kg v

ethanol ethanol

_ lignine lignine
ammonia
3
(p)ethylcarb.
. syngas succinic
urea
2,3 =
A/ formic

5
TUDelft



Oll price vs. sugar price (Europe)

0.80 0.80
0.70 —
*® 9 »
S 4% e S
S 0.60 -
0-60 - . we Wy . %%
¥ 0.50 g % W
) 8 0.40 -
3 0.40 % 3 <> /’,’{;;
o A 2012-2014
£ 0.30 § 020
5 N
0.20 ¢ oil =
0.10 0.00 - . ~CO :
: M sugar 000 020 040 060  0.80
0.00 : l : l Brent oil price (euro/kg)

Jan-10 Jan-11 Jan-12 Jan-13 Jan-14

]
TUDelft 28




Chemicals price model so far

At 100% conversion 100% molar yield

(] = 3 3
u kgproduct =u kgfeedstock kgfeedstock/ kgproduct 1.5

\ JL
! I

Feedstock costs Rest

w
ol

Cheaper product when less
conversion steps from oil

Predicted price ($/kg)
= N
= [¢)] N (6] w

o
ol

]
TUDelft 0

therature prlce ($/




Other fermentation products than
ethanol

Bestcase assumptions
A 1-step conversion from sugars
A Microorganism engineered to convert available sugars feed

A Sugars are dominating cost factor
A Multiplication by factor (ca. 1.5) for other costs

| I\/IasspmdLV
I:)rlceproduct — Masssugar |:aCtorproduct

Priceethano| M a'SSetharV Facto rethanol
aSSsugar

\ } \ /
! |

Yield ratio Ratio2 1

30

]
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Competitiveness compared to ethanol
fermentation

2.5
1,4BDO cgmpe[/[/ye ® 1,4BDO
adjpigiRcit adigitAtidicid
2 2
butanone butanone
g .
E" 15" prgﬁglﬁ&e prop en? glycol E" 15 - propylene * phenol propylene glycol
F eN3ohspang' Y EARRARP!
2 m ethylene m isopropapol 2 ethylene ® isopropanol
Q. Q.
£ 1 _ethylene glycolm ethanol g 1. ethanol @ €thylene glycolm
o o
0.5 - 0.5
not
. competitive .
0 0.2 0.4 0.6 0.8 : 0 0.2 0.4 0.6 0.8 1
Reported fermentation yield of product on glucose (g/g) Stoichiometrically maximum yield of product on glucose (g/g)
%
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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?

]
TUDelft 32
B —




REDERINERY/10 produce-sugars and fuels

" 7 Coal value ¢ e for liani
, Bunker oil o —transfer price for lignin
; . Eaqualtowood g kerosine priced as wood at target NP\
c’ "
S various scales
wn
- | London #5 Sugar Price
W L : (26/06/2015)
i New York #11 Sugar Pric
o ; (03/07/2015)
€/t lignin

NPV= 0 at various scales

wood chips at ‘“mid price’ B
ost of /return on capital at market conform pricing included

Presentation based on public data

Bernal
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Innovation

: 5
Transfer prices TU Delft

Delft Uniwersity of Technology

BioBased

A Study on costs distribution among the final products, lignin and sugars, for Central plant;
A Project feasibility: net present value of zero at year 10, IRR 12 %; In EUR/ton

A Fixed wood chips price of 130 € 1/ Sugars @ 150 = HC @ 600

600 : / Lignin @ 500 = HC @ 1000
|
] H —
500 : Oil @ 60/bbl = HC @ 500
n /
1.5 Mt
400 : s pa
5 S . o /
2 300 i (i NPV> - 4 Mtpa
= i ! s B
%3 | : /
200 - :/ London #5 Sugar Price
} i A ; (7 sep 2016)
100 NPV<0 : New York #11 Sugar Price
! i EoroE : — \ (7 sep 2016)
0 : 3 8§ = & . [
E E T E: E : T T IE i T T 1
0 i: 100::} 200 300 4do 560 600 700 800
: EE:itumen ’Eftli:gnin .
oal valuét A romatics : HFO and other Either the lignin is sold at lower prices, at
i ¥ _ henol/ polvol bunker fuels the expense of the sugars buyers, or at
: . iiHydrocracking  Phenol/ polyols . . .. . .
Pyrolysis bieil higher prices, requiring a high valorisation
Wood chips value of this material.

ESBES, 2016 i



3E and fossil displacement

200

L
o’
Internat HighTech

Chem’s, fuels &
materials

added value
€/ton

100 -

5
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yr 2020

target € 20 bn/yr
(incl indirect: 4-5% GDP)

56 (25 %)

- CO2e

“fossil GDP”

National LowTech
EU & electricity focus

2030

Mton/yr

-+ 30

8 (4 %)

\\domestic

production

Mton/yr
17
50

biomass (eq)

0
w Ul

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



3E displaces fossil: requires investment & differential GDP

(high + right) technology & volume

L )
_av® v target € 20 bn/yr

Internat HighTech (incl indirect: 4-5% GDP)
Chem’s, fuels &

materials T 56 (25 %)
200 - CO2e
Mton/yr
added value “fossil GDP”
€/ton -+ 30
National LowTech
100 EU & electricity focus
todays technology 0
‘/yr ——————————————— — -0 8 (4 %)
€1
0

' 0
“domestic IO biomass (eq) A
0 production 0 Mton/yr 100 -~ _
s 17 33 oil/gas Mton/yr (150!)
TUDelft 0 50 100 CO2 Mton/yr



CoONtents

A urgency and opportunities

A guiding principles

A (macro) economic impact I Iintegral development
A structuring BBE developments - roadmaps

A public -private partnerships: BE  -Basic, AgroPolo, ot her s

A
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AViation: GHG - -reduction via -~ TOIl and jet biofuels
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Introducing aviation biofuels (NL - numbers)

Fuel-pool composition in
(kton/year) at 3% net growth of
fuels consumption

6000 !

6 (12)
4 mio ton/yr investment
estimates [bn $]
4000 o=t 2 ()
doubling jet fuel
3000 ; owards 90% bioje

2000 2 (4)

fossil
1000 : '
0. % 0.7 mio ton/yr
2015\ 2030 " et vegnp i 2050

2
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Roadmap for tech innovations in the Chemical and Energy sectors : Energy | liquid biofuels

fShell and Cosan Form

2010 $12bn Ethanol Joint Venture 2020 2030
/ Raizen 21/11/2011
- System
1st gen. EtOH 2nd gen lignocellulosic EtOH\ .
from sugar cane commercial plants Solution
: _ nd gen. advanced deploy
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Abengoa Bioener - . o = : i
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Underlying bio/fossil aviation fuel scenario in Brazil

25000 _
Predictedjet fuel use (kton/year) based 2014-’50: 3.5 x jet fuel
on historicalBrazilgrowth (4.5%) towards 100% biojet
20000
2014-’50: ~ 60 000 jobs*
~ 20-40 bn EUR invest*
15000 4

2020: Carbon bio* ~ 2G ~+-fossil O
10000 N\ heutral growth )/ -'-Today (1G) -35%

Tomorrow (2G) -80%
fossil -<Biofuels (1G+2G)

5000

2050: 50% GHG
emission reduction
0

> P X P g W
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.
dgropoig. -, direct+indirect, using published numbers
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2015: 6 Mton
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Implementing the Bioport Holland PPP concept

NL (bio)Fuelsmix 2050

Aviation 50%
Marine 33%
Road+rail 17%

’

g D °”‘l|‘*3

V

BioPort Holland

SkyNRG

R YRt Schiphol m—
s s w NESTEOIL . KLM
-

@ @ O e) International setting is critical for globally operating
BioPort Holland industries (transport & chemical)
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CoONtents

A urgency and opportunities

A guiding principles

A (macro) economic impact I integral development
A structuring BBE developments - roadmaps
A public -private partnerships: BE -Basic, AgroPolo , &
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PPP-models-for | bioeconomy 4

R&D / testing / academia & industry, industry BEBasic, EBI, CLIB, IAR,

technological industry TWB, testing / pilot

innovation facilities

Market development auctions, cooperatives, marketace, (wood) pellets, sugar, agro
commodity / stock exchanges, commodities, flowers,
blending mandates, launching vegetablesEtanol(BR)
costumer

Infrastructure Industry & government, Rotterdam port extension,
Nngo (ecosystems services), agrizoning, land
agricultural consolidation*

Sustainability criteria industry,ngo, academia, (gov.) RSB + 100’ s

| certification IPCC / LorentBioPanel

Investment/ (institutional) investors, mdustry, many (most) 2

implementation governments (statewned, subsidy), lignocellulosicplants
development banks (regional, EIB), multifunctional landscape
WorldbankGroup (restoration) projects WB

¢ ]
TUDelft  * ruilverkaveling g 4



CONCIUSIONS

A BBE can be a great opportunity for impact investments
Economy and climate go hand in hand
A Itis good to look back and learn: but the industry of
tomorrow maybe has to be created
A - No single industry can solve this
A Tools as roadmaps and macro  -economic impact studies can
hel p to quantify scenarios, explc

A

A targets must be set by society, industry, academia

>>> !
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L Macro -economic study 2016

A 40%reductionemissiondNOTpossiblewithout biomass

max3% in 2020 & 7% 2030.
A alsomore renewableoptionsrequired(wind, solat biofuelSAND CCS)
A contribution biomass irrenewableenergyin 20202030 is 5660%

A hightechnology development: biomass competitive in advanced applications
(biofuels for heavy transporhio-based chemicals)

A chemicalsector increase by 2030:
EUR2 Bn/yr in GlobHighTeckcenario
“bi o’ ¢ he micampéensajing b s
declineof* f ossi | ° empl oy
A openbiomassrade+rapidtechn change
GDRncrease oEurol bn peryear

4 !
TUDelft TKI-BBI



BioRef is the heart of REDEFINERY

BioRef:

Chemical Eerments * Converts lign

comp. comp. | ign in
(fuels)

- =

‘Others’ *

Port
Authority
Wood chips
1to >4 Mtpa

Author: Jan van Breugel (BBI)

r power + heat

lignin

NaRef costs based on NREL model

Developments 2016:

A 2 consortia folPoRactive (e.gBio4Ever)
Perspective A Eemscluster fKZO/Enerkem) >R’ d a m
A HbRDRIFT-initiative — HbR follow-up

| A 2017 Design Competitiol§-Basic/CLIB/BIOEN)
A Aviation Blofuels— SDE support KL Roadmap

demo | 5\ TR
Borssele ~

VOI ume Location Current Near Future
(Mtpa) (Mtpa)

Borssele - 1.6
Moerdijk 0.5 2.0
Rotterdam 2.0 4.0

Total 2.5 6,6

+ y feasibility

Assumptions:

a. Lo: biomass @ 100 €/t Hi @ 130 €/t

b. Lignin value equals biomass cost price
in €/t

c. Lignin higher calorific value

compensates humidity in wet cake

‘gmass is softwood

APEX - NREL model

[/@)3\
}?@// © Asbuitt
3 ve}l ——Capex M€

Company visits
‘| s + OM person

Based on information
..{ gained from the company
visits

srmulate 3-4 business cases

Obtain commitment

Plenary meeting with
....................... directors of interested
companies

tion study

Feasibility: Yes/No

Realisation demo
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Rethink Tomorrow

® NatureWorks LLC

The Chemical Company ;
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P2

AkzoNobel

i-Butanol

2 gevo
I- Butene g

LANXESS

PX

Enerkem Methanol DMC

s, 53 4.luy 7
3 Lo

AkzoNobel

Innovation

rs: Kim Meulenbroek
Jan van Breugel

BioBased =3: Kiverdi
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