". - 1 ‘ \
: - '
° !]'

-,

\ o
\_\-.‘
* ’ .

A g r-0 P oBicE@BomYy opportunities £ dutch' perspective

5
AgroPolo | Campinas Brasil | 02 06 2016 TUDelft

Luukvan derWielen (TUD/BEBasic)

Foundation

http://www.be -basic.org/downloads




. 4

A
dgropoi¢ \

CAMPINAS + BRASIL

AGRICULTURE

... to where we should be

Business
Which
2
models? Pathway?

Opportunities? Entrepreneurship?
Public
Stakeholders? Policies? Research &
Innovation?

Partners?

. From where we are
2050 —>
J

2016




contents

A Urgency and drivers

A Options and opportunities

A Roadmaps, macro -economic impact studies and reality
A AgroPolo i the Brazilian BBE opportunity

A Beyond techno -economics i examples (palm waste in

Malaysia, REDEFINERY)

A

3
TUDelft



Projected sedevel rise and northerAdhemisphere

summer heat events in aZZworld and a £Cworld

1.3

12 A Increased sedevel
g 19 £ rise from 70 cm to
3 0.8} = more than a meter
e 0.7F 0>J
T 0.6} 3
2 0.5 ©
2 0af 2 A Increased
(] ¥ =
ih 02 ¢  frequency of

0.0 extreme and

unprecedented
heatevents

AX 'yR 1 p
poor indev(agro)
countries are hit
first

Months above 3-¢ (%)

Sea Level Rise (m)
OCO0000000O0KRRREH
OFRNWRARUIONOOORRNW

T T T T 1

3
TUDelft




AtmosphericCQA & Yy 246 KAIKSNI

650,000 years and increasing rapig poubling

in 50yrs

128, 2015 , =——

Doubling  »—
INn 50yrs

=
I
=
-~
o
(=X
(7]
-~
3
(=R
o
(&

400,000

YEARS befor.

This graph, based on the OSpheric samples contained in ic
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atmospheric C&has increased since the Industrial Revolution. (Source: NOAA




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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NRW and NL are #1 and # 2 in Europe

CO2/halyr

€ i n GHG emission

5
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h i b | Regional priorities: chemical
| S €na €S sector and transport w/o

alternatives (aviationetc)

o=

Population: 40,5 M I"-
GDP: 1.372 Bn Euro
GDP/capita: 33.586 Euro :
Industry: ca. 25 % contr. GDP HETREETEL

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

2
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Impact on pension funds
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miyastgoed ® Aandelen ®Vastrentend ®Qverig

AEX

jul. 2015 sep. 2015 nov. 2015

106 Legal minimum 105% (417 bn EUR)
1,04
1,02 'A
L 400 bn EUR
0,98 —
0.96 -17%
0,94 \\
Le
0,92
0o Ly \ BrExit
oss— ABP 350 pn EUR
0,86 - - . . . . . .
abrl5 mail5 jul-15 setl5 outl5 dezl5 janl6 marlé marl6
Total: 150+ bn EUR capital loss
-24%
an. 2016 mirt. 2016 mei 2016
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mass yield: energy poor (O-rich) in materials*

energy density
Increases

substitutes

drop-outs ? N @ sugars, lactic

iomass @ O

ethanol
CHZOO.S

natural gas

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

drop-ins

< mass composition biobased and fossil
TUDelft feedstocks and products







Biobasedechnology is/gets there

ARanyo chemical cabiobdsed pr oduced from
feedstocksi by chemo / bio/ thermo catalysis
but not all make sense

cost (benefit)
emission (reduction)
resource efficiency

yield is central parameter |n both

[ :'_: "]ui
& Lg
w_a— A i .“._

2
TUDelft



Biomass Intermediate  Building Secondary Intermediates Products/Uses
Feedstocks Platforms Blocks Chemicals
Industrial
e = v watee et g
Biobased R T T # ——— purifizaton, emisskn éﬁtemerrt,
Sta rCh O ) 53"“ Eas e e {:'_'f,-//’/’ [ specially luoricants, hoses, seals
A o i e v mer L m . ‘ o T rtati
2T P —— _,;-:‘i(! — Funé{:ilpxl;'genat:‘. antHreers, wiper
H — ‘}f'\ A flids molded plastics, car seals, Dels
| f Er—— ‘%’ﬁﬁj Crr—y hoses, bumpers, comaslon Inhibkors
— e — gy — Textil
Hemicellulose P —— 10 Carpets, Fibers, t30rics, b

Ay, ey weisers, B, 3 e Wi v e L
- ‘

i — coatings, foam cushlons, uphalstary,
" | drapes, [yora, spandes

Safe Food Supply
Food packaging, preservatives,

femilzers, pestitioes, Deverags
Sugars botties, applancas, Deverags can
Cellulose Glucose coafings. vitaming
17 Fructose Environment
Kylose Wiater chemieals, fiocculants,
Arabinose chelaiors, cleanars and detergents
i . Lactose Communicaticn
. — T : A  Suerose Malded plastics, computer casings,
Lignin|. . Starch pptical fib=r coatings, liquid crystal
i dizplays, pens, pencis, Inks, dyss,
' i paper products
i | Housing

Palnts, resins, sidng, Insulation,
cements, coatings, vamishes, lame
refardents, amesives, capeting

oil]

Recreation

Footgear, protective eguipmant,
camera and fim, bicycks pars & tires,
wet 5Lits, iapes-CO's-0VIDVE, golf
equipment, camping gear, boats

Health and Hygiene

Plastic eyeglasses, cosmeatlcs,
detergents, pharmacauticals, suntan
lotion, medical-dental products,
dlsinfectants, aspirin

Protein

Polpren & guma.

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

7
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DO 0o Grnieenil i cat:llo:no0, 0

B substitute A drop-in
BIOMASS
: : : : ficati
Biorefinery protein / sugar / lignocellulose Gasification
: : Aerobic
Fermentation and other processes Fermentation < _
| An-aerobic
/
R ¥ v v ¥ v

methane SNG
glycerol

Iso-butylene Ethylene 1,

I Paraxylene
] Propylene
Biopower >

pd
)

Funct. actic succinic  acetic other Iso-butanol ethanol
molecules gzcid acid -acid

BioHydro
carbons v

\% \%
. . A 4
plastics, Preservatives synthet. ch))EIEs Plastics, Plastics, fertilizer

thickeners , plastics polymers : surfactants, carpet methanol
glue BioPVC detergents
‘ _ =80% chemical industry g .
From: Ton Runnebodsio Based Chemicaldarch

222011, Rotterdam




Aviation sector needs to green

Amstelveen, 08 March 2013

Biofuels

25 Stores KLM Takes Steps in Sustainable Flights

Summary

KLM will operate its first-ever series of biofuel-powered intercontinental flights in partnership with Schiphol

AI’U ba a nd Bona I I'e On BIOFueI Group, Delta Air Lines and the Port Authority of New York and New Jersey. This unique step emphasizes KLM's
plans to use sustainable biofuel on a regular basis.

KLM STORY
wn

VWF, Corporate BioFuel Programme, Green Aruba Challenge, innovation, CO2 emissions, BioFuel

o

“This new steps shows that KLM is a frontrunner in making air transportation more sustainable. Initiatives
like these are essential in making our economy more sustainable and create new business opportunities for
Dutch companies.”

Henk Kamp, Dutch minister of Economic Affairs A
S kYN RG Home Who

FUTURE FRIENDLY FLYING

SkyNRG Nordic supplies biofuel tq  sours Arrican Airwars
Norweg|an A STAR ALLIANCE MEMBER 2"

N @ﬂﬂf/ﬂﬁ \'ﬁr' Sincr

SkyNRG, Sunchem SA, Boeing and South African Airways officially Launch Project Solaris to develop
Sustainable jet fuel from energy-rich tobacco crop

MARBLE HALL, South Africa, December 9, 2014 — SkyNRG, Sunchem SA, Boeing and SAA today officially

launched Project Solaris, an effort to develop sustainable jet fuel from the nicotine-free tobacco plant

variety, called Solaris. The plant’s first harvest will occur this month, and oil from Solaris seeds may be

&4 converted into sustainable jet fuel as early as next year. SAA plans to conduct a test flight with the fuel

TUthHolland as soon as practicable. 1




Implementing theBioport Holland PPP concept

NL (bio)Fuelsmix 2050

Aviation 50%
Marine 33%
Road+rail 17%

"_qg.':‘um' 'p 53

V

BioPort Holland

dit o O
W e i R m Schiphol s2ae
» 3 p
P NESTEOIL b KLM
- e

SkyNRG

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

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

o~

6000 - 6 (12)
4 mio ton/yr mvestment
estimates [bn $]
4000 o0 =0
doubling jet fuel
3000 _ ] owards 90% bioje

2000 2 (4)

fossil

1000

I e T % 0.7 mio ton/yr

2015 N\ 2030 1 et vegn opivwmer 2050

3
TUDelft neutral growtk




contents

A Urgency and drivers

A Options and opportunities

A Roadmaps, macro -economic impact studies and reality
A AgroPolo i the Brazilian BBE opportunity

A Beyond techno -economics i examples (palm waste in

Malaysia, REDEFINERY)

A

3
TUDelft



g

‘9\/;\\

f dgropole 2

CAMPINAS + BRASIL

AGRICULTURE

... o where we should be

Business

Which
dels?
meaes Pathway?
Opportunities? Entrepreneurship?
Public
Stakeholders? Policies? Research &
Innovation?
Partners?
D) Agricultural
/ models?

. . From where we are

2016

2050 —>

2
TUDelft



glucose

xylose

rabinose

acetate

AMTLIED AND ENVIRONMINTAL MEROSICLOGY, Jan. 2010, p. 190195 Vol 76 No. 1
0099-224010512.00 dot 01 IZHAEMO1 77209
Copyright © 2010, Americas Sodiesy for Microbiology. All Righis fteserved.

Elimination of Glycerol Production in Anaerobic Cultures of a
Saccharomyces cerevisiae Strain Engineered To Use Acetic
Acid as an Electron Acceptor”

Victor Guadalupe Medina ' Marinka J. H. Almering ™2

APPLIEID AND ENVIRONRMINTAL MEsoso ooy, Felb, 200, p 207014 Yol 75, Mo, £ o of
S ESEN 0 dobtl LTI SARMITIGE-0E
Copyrighs © 304, Americes Sodery Tor Miceobiology. All Righs eszeeed.

Novel Evolutionary Engineering Approach for Accelerated Utilization
of Glucose, Xylose, and Arabinose Mixtures by Engineered
Saccharomyces cerevisiae Strains”

H. Wouter Wisselink, Maurice 1. Toirkens," Qixiang Wi, "
Jack T. Pronk."? and Antonius J. A van Maris™**

Trolisrealzan 67, J628 BC Delfs, The NED’H"I'MI‘_.I":I’.‘ e
P Bew 5057, 2600 (24 Delfe, The Nesberioesdc®
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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
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biofuels (hydro carbon-like)
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Total Costs
FY 08-12

FY 13 Costs

FY 14 Costs

Funding
(FY 18 - Project
End Date)

DOE Funded

§ 13730470

§ 54000219

§ 29,790,385

$ 100,000,000

Project Cost
Share

§25,605,329.33

§97,525.933.11

> $51,668,736

> 175,000,000
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Operations
] Started
Blomass Construction
Pilot Plant Storage Area Completed
Started Ops Construction
Completed
Construction

Environmental Engineering, Design, Feedstock

2012 p
t t

Operational Reporting Period

201% 2{]15‘
f

ZUGTA
f I

2013‘

TIA T|A.Ml?d - Grand
. Signed permission to Opening
DDESlgned EPA Invoice Completed
celocted FONSI BiDrefin?ry
UIBERTY foundation

began Nov
2012

TIA Article 24
conditions met
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Advanced Biofuels
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Example: Brazilian ethanol learning cu

4x cost reduction in 30 yrs /20
vd Wall Bake et al. Biomass & Bioenergy 33, 644 -658,



S{iStainaple ethanolican green EU plastics industry fast

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

tomorrow. Connected Ethylene Supply

Connected Ethylene Derivatives

i
plo-ethylene pgoducts
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BEroadmapand (direct) economi C

®
PR N v target U 20 bn/yr
P A (incl indirect: 4-5% GDP)

W Internat HighTech -
Chemés, f 56 (25 %)
materials
200 - - CO2e
Mton/yr
added value i
a/ton u <+ 30
National LowTech
100 7 EU & electricity focus
todays technolo
_ s ey - ! 8 (4 %)
| | 41— 0O
' biomass (eq) !
0 production 50 Mton/yr 100
fUDelft NL chemistry 2010: G 13 bn GDP (3%) / G 47 bn sales / 20% export ;

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



‘ Reference:-numbers

A Biomass 15 PJ/MT 1

A Oillgas 45 PJ/MT 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 Kerosine (NL): 4 (2015) >>7 MT/  yr (2050)

A Kerosine (0OEUS6) ~ 12 (20B(R053> 24 MT

3
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3E and fossil displacement
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3E displaces fossil: requires investment & differential GDP

(high + right) technology & volume
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Roadmap for techno-economic innovations in BBE sectors : AgroPolo - topics
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PPP-models-for | s bioeconomy 4

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

technological industry TWAB, testing / pilot

innovation facilities

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

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

Sustainability criteria industry,nga academia, (gov.) w{. b wmMnnQa

| certification IPCC / LorentBioPanel

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

Implementation governments (stat@wned, subsidy), lignocellulosicplants
development banks (regional, EIB), multifunctional landscape
WorldbankGroup (restoration) projects WB

3 —
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http://www.rabobank.nl/particulieren/

CONCIUSIONS

A BBE can be a great opportunity for targetted agro -forestryre -
Industralization towards more, sustainable impact

A 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 Tools as roadmaps and macro  -economic impact studies can
hel p to quantify scenarios, expl o

A

A targets must be set by society, industry, academia

fuDelft >>> THUS BY YOU !
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Production costs of bio-ethanol from sugercane in Brazil have declined continuously over
the last three decades. The aims of this study are to determine underlying ressons behind
these cost reductions, and to assess whether the experience curve concept can be used to
describe the development of feedstock costs and industrial production costs. The analysis
was performed using average national costs data, a number of prices (as a proxy for
production costs) and datz on annual Brazilian production wolumes. Results show that the
progress ratio (PR} for feedstock costs is 0.68 and (.81 for industrial costs fexcluding
feedstock costs). The experience curve of total production costs results in & PR of 0.80. Cost
breakdowns of sugercane production show that all sub-processes contributed w the totzl,
but that increasing yields have been the main driving force. Industrizl costs mainly
decreased because of increasing scales of the ethanol plants. Total production costs at
present are approximately 340 US$/m 3y, ... (16 USH/G). Based an the experience curves for
feedstock and industrial costs, total ethanol production costs in 2020 are estimated
berween US$ 200 and 260/m* (94-122 USH/GJ). We conclude that using diszggregated
experience curves for feedstock and industrial processing costs provide more insights into
the factors that lowered costs in the past, and allow more accurate estimations for future
cost developments

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction and rationale

are increasingly focusing research and development efforts
and areintroducing marketdevelopment schemes for biofuels

With increasing concerns regarding the impact of greenhouse
gas emissions on the climate, dsing oil prices and the
dependency of the global transportation sector on oil-derived
fuels, many countries aim to diversify their energy supply and
switch to more environmental friendly fuels. Biomass trans-
portation fuels (biofuels) are an often-cited option to provide
such an alternative. Both developed and devel oping countries

such as bio-ethand and biodiesel [24].

A common argument against varous biofuels for trans-
portation is their high production costs, and in many coun-
tries, biofuels receive povernmental support (such as
subsidies or tax exemptions) to achieve economic competi-
tiveness against oil-derived transportation fuels. One prom-
inent example where this argument does not hold any longer

Production costs [US$ (2005)/m® 4]

Sugarcane production cost [US$(2005)/TC]
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