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Cellulosic ethanol program in Brazil
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https://www.biobasedpress.eu/2016/02/cellulosic-ethanol-feedstock-costs-predominant-
sugar-cane-cheapest/

Projected Major Cellvlosic Ethanol Project Costs

| T4
1400

$3 50

350
$.60
$1.00
3050

‘.

mn\ ! GIC‘”Q'L ABENGOA QE@BD

BFeedsiockcosts WOperadngconts BFxedcosts  w Capltal costy -1900 Souren: Lax Raseareh e,
e hamaa v

3

Maimem Ethanot Selling Poce {s/ga)
- -
]
2




NOTICE TO THE MARKET

LONG TERM AGREEMENT OF SECOND-GENERATION ETHANOL ("E2G") WITH MINIMUM
REVENUE OF EUR3.3 BILLION AND INVESTMENT PROGRAM OF 5 NEW PLANTS

The Agreement between the parties establishes the¢ supply 3.3 billion liters (3.3 million m?)jof E2G
that will be produced in 5 new plants with an expectation to start operations between
2025 and 2027. Such plants will be fully integrated to Raizen’s Bioenergy Parks. Shell will receive

the ethanol produced by these five new plants for the first 10 years of operation of each plant, with
supply guaranteed until 2037.

Considering the minimum price defined, the revenue from sales under this Agreement will be
equivalent to at least EUR3.3 billion, ensuring a predictable and robust level of returns in
line with the Company’s business plan. The Agreement also establishes a price adjustment linked to
the E2G spot price at the time of supply of the product. As such, if the market price is above the
minimum price established, the premium will be divided between the parties.

The Company expects an EBITDA Margin of approximately 50% (fifty percent), while
maintenance CAPEX is estimated around R$50 million per plant/year, yielding a robust cash flow.



NOTICE TO THE MARKET

LONG TERM AGREEMENT OF SECOND-GENERATION ETHANOL ("E2G") WITH MINIMUM
REVENUE OF EUR3.3 BILLION AND INVESTMENT PROGRAM OF 5 NEW PLANTS

To perform this Agreement, Raizen will build 5 new plants between 2023 and 2027. Each plant will
take up to 22 months to be operational at a CAPEX of approximately R$1.2 billion per plant, for a
total of R$6.0 billion (in real terms).

Estimated number of Operational Production Capacity by crop year
Plants by year end (Units) ('000 m*)
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Raizen reaffirms its plan to have 20 E2G plants by crop year 2030’31, with an installed
production capacity of approximately 1.6 million m3/year.
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SEVENTH FRAMEWORK PROGRAMME (FP7)
Second Generation Biofuels 1 EU-Brazil
Coordinated Call Second Generation Biofuels 1 EU-Brazil
Coordinated Call Energy

CENTER OF BIOLOGICAL AND INDUSTRIAL PROCESS FOR
BIOFUELS ( CeProBIO , Brazil)
+
SUSTAINABLE LIQUID BIOFUELS FROM BIOMASS BIOREFINING
(SUNLIBB, EU)




SUSTAINABLE LIQUID BIOFUELS FROM BIOMASS
BIOREFINING (SUNLIBB)

Coordinator: Prof Simon McQueen-Mason, Professor, University of York, UK

SUNLIBB brings together key researchers and industrial innovators working to overcome technical bamiers all
along the pipeline for second generation bioethanol production. The range of research spans from feedstock
improvement, through innovations in pretfreatment and saccharification, the generation of added value products,
especially from lignin, and innovations in fermentation. The project brings together world-leading scientists with
innovative new industries working in the biorefinerny and renewable products areas. Our work is focussed on

C4 grasses as these encompass maize, miscanthus and sugarcane, and these closely related species are
major bioenergy crops in Europe and Brazil. The programme of work aims to: (1) Improve the feedstock quality
of lignocellulose in biofuels crops to allow truly cost-effective ethanol production; (2) add value to the overall
process of conversion in biomass biorefining by upgrading residues and by-products and producing new value
streams in addition to bioethanol; (3) improve the conversion process by which we produce sugars; (4) improve
fermentation efficiency; (5) develop integrated processes that capture maximum value from lignocellulosic
biomass; (6) ensure that the new processes developed fulfil sustainability requirements by reducing GHG
emissions, cutting other forms of air pollution, have minimal impacts on local environments and biodiversity,
build sustainable rural industries, and do not impact on food production and prices. Our cooperative partner in
Brazil, CEProBIO, brings together almost all of the leading research cenfres for second generation bioethanol
production in that nation, along with a number of key industrial partners. The cooperation between SUNLIBB and
CEProBIO represents an opportunity to bring together some of the best researchers in our respective regions to
work on a globally important issue.




SUSTAINABLE LIQUID BIOFUELS FROM BIOMASS
BIOREFINING (SUNLIBB)

List of Beneficiaries

Mo Mame Short name Country
1 UNIVERSITY OF YORK UoY United Kingdom
2 Caldol Biotech Limited Biocaldol United Kingdom
3 BORREGAARD INDUSTRIES LIMITED Borr United Kingdom
4 BIOGEMMA Biogemma France
3] Ecover Belgium Ecover Balgium
6 INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE INRA France
7 NORTH ENERGY ASSOCIATES LIMITED MNorEner United Kingdom
a Processum Biorefinery Initiative AB Frocessum Sweden
9 gﬂ%mﬁ?&g_éﬁﬂ MASTERS AND SCHOLARS OF THE UNIVERSITY UCAM-DEIO United Kingdom
10 UNINERSITY OF LEEDS UNIVLEEDS United Kingdom
11 THE UNIVERSITY OF SHEFFIELD USFD United Kingdom
12 VIB VIB Belgium
13 WAGENINGEN UNIVERSITEIT WU MNetherlands




CENTER OF BIOLOGICAL AND INDUSTRIAL PROCESS
FOR BIOFUELS / CeProBIO

Coordinator: Igor Polikarpov, Professor, IFSC-USP
Vice-coordinador: Marcos Buckeridge, Prof., Sci. Director of CTBE & IB-

USP

The Center of Biological and Industrial Process for Biofuels (CeProBIO) is
an initiative that aims to articulate the synergistic and transdisciplinary
collaborative work of groups already working in various areas of biofuel
scientific and technological research.
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Includes 50 institutions from 12 Brazilian States and a

‘ss-emmn Western Amazonia Federal District

14-UFPA

36-EMBRAPA Eastern Amazon

17-UFRN
”———. 43-UFPB
)'! 19-UFA
15-UFBA
: 16-UnB
37-EMBRAPA Cerrados
: _ 5-EMBRAPA Agroenergy
E 33-EMBRAPA Genetic Resources & Biotechnology
34-EMBRAPA Beef Cattle ol 18-UFMG
’ 42-UFU
e 39-ARACRUZ Cellulose
i 30-EMBRAPA Dairy Cattle
32-EMBRAPA Environment (/ 41-UFV
- R J 13-UFR)

U Lorana ." 27-EMBRAPA Agrobiology
6-ESALQ 28-EMBRAPA Food Technology
23-CENA/USP 1-1FSC/USP
44-TECNAL 3-1B/USP 7-CCAJUFSCAR
45-FERMENTEC 2-10/UsP 11-EESC/USP

21-UEPG 10-IF/USP  4-UNICAMP 31-EMBRAPA Agricultural Instrumentation
22-Poli/USP  8-CTBE 46-INTENSE UV
24-FEAJUSP  26-IAC/APTA  47-ABMAQ
S EMORAEA omeity 20-USPLeste  25-CBMEG/UNICAMP
12-SMA/SP
40-1CBJUSP

38-EMBRAPA Grape & Wine



SUNLIBB WP 1: Genetic approaches to CeProBIO Proj. 1: Genetics of sugar cane
iImprove biomass quality for cellulosic

_ _ CeProBIO Proj. 2: Gene discovery and
biofuel production

functional genomics for sugarcane cell wall
SUNLIBB WP 2: Transcriptomic and genomicmetabolism.

resources for biomass improvement. . .
P ~n~DraBRIN Drgj 3: Selection and

SUNLIBB WP3: Underst tion of biomass for sustainable
polysaccharidestounde J* 'fethanol by enzymatic route
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Improvement. g % 'r0j.4: Molecular structure of
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SUNLIBB WP5: Biomas 'r0].5: Enzymes in bioenergy
SUNLIBB WP6: Genera _ 'r0j.6: Industrial process for
biomas second generation bioethanol production
SUNLIBB WP7: Integrated process CeProBIO Proj. 7: Production of microalgae
engineering to obtain full value from for biodiesel and green chemicals

biomass processing CeProBIO Proj. 8: Biofuels poduction effect

SUNLIBB WP8: Sustainability assessment. over water utilization and carbon emission



Joint scientific work



Figure 2 Chemical composition of non-pretreated and pretreated biomasses. (a) Sugarcane bagasse; (b) Panicum maximum; (c) Pennisetum

Lima et al. Biotechnology for Biofuels 2014, 7:10
http/ /www .biotechnologyforbiofuels.com/content/7/1/10
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RESEARCH Open Access

Evaluating the composition and processing
potential of novel sources of Brazilian biomass for
sustainable biorenewables production

Marisa A Lima', Leonardo D Gomez?, Clare G Steele-King?, Rachael Simister?, Oigres D Bernardinelli’,
Marcelo A Carvalho®, Camila A Rezende®, Carlos A Labate®®, Eduardo R deAzevedo',
Simon J McQueen-Mason®” and Igor Polikarpov'”
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Figure 4 Monocsaccharide composition on the hemicellulose fraction of pretreated samples and biomasses without scluble (control).

(a) Sugarcane bagasse; (b) Panicum maximum; (c) Pennisetum purpureum; (d) Brachiaria brizantha; (e) Eucalyptus grandis bark; (f) E. grandis x

urophylla bark. Pretreatment types and temperatures are indicated.
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Figure 5 CPMASTOSS spectra of the solid fractions of sugarcane bagasse sample submitted to the different pretreatments. (a) hot
water; (b) sodium bisulfite; (c) sulfuric acid and (d) sodium hydroxide pretreatments, respectively. Lines 3 and 7: C6 and C4 carbons from
amorphous cellulose [38-42]; lines 4 and 8: C6 and C4 carbons [35-37]; lines 2, 11, 12, 13, 14: and 15: lignin carbons [3743]; lines, 1,3,6, 7,9
and 17: hemicelluloses carbons [36,44]; the unmarked line at 39 ppm is due to ash from biomass burned.
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SEM of pretreated biomass
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Remaining Fraction (% dry matter)

Lima et al. Biotechnology for Biofuels 2013, 6:75 w
https//www biotechnologyforbiofuels.com/content/6/1/75 BlOtEChﬂOngy
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RESEARCH Open Access

Effects of pretreatment on morphology, chemical
composition and enzymatic digestibility of
eucalyptus bark: a potentially valuable source of
fermentable sugars for biofuel production — part 1

Marisa A Lima', Gabriela B Lavorente?, Hana KP da Silva®, Juliano Bragatto?, Camila A Rezende',
Oigres D Bernardinelli’, Eduardo R deAzevedo', Leonardo D Gomez®, Simon J McQueen-Mason®,
Carlos A Labate” and Igor Polikarpov'”
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SEM of non-pretreated and pretreated samples
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Figure 13 Total glucose released from both eucalyptus clones barks after 48 h hydolysis taking into account the losses during each
pretreatment step.



Molecular insight into lignocellulose digestion by
a marine isopod in the absence of gut microbes

Andrew J. King?®, Simon M. Cragg®, Yi Li Jo Dymond®, Matthew J. Guille®, Dianna J. Bowles®, Neil C. Bruce?,
lan A. Graham?, and Simon J. McQueen-Mason®'

PNAS | March 23, 2010 | vol. 107 | no. 12 | 5345-5350

Table 1. BLASTx matches to the most abundantly represented ESTs

Annotation Organism Function E-value GenBank ESTs %
1 Cellulase Pseudotrichonympha grassii  Cellulose digestion (GH7 family) 1e-145 BAB69425 23,668 84
2 Putative glycosyl Uncultured symbiotic protist  Cellulose digestion (GH7 family) 2e-149 BAF57342 16,632 59
hydrolase family 7 of Hodotermopsis sjoestedti
3 #-1,4-endoglucanase Cherax quadricarinatus Cellulose digestion (GH9 family) 6e-127 AAD38027 15,755 5.6
4 Hemocyanin subunit 1 Gammarus roeseli Oxygen transporter 0.0 CAI78901 13,323 47
5 Hemocyanin subunit 1 Gammarus roeseli Oxygen transporter 0.0 CAI78901 8,473 3.0
6 Hemocyanin subunit 1 Gammarus roeseli Oxygen transporter 0.0 CAI78901 7,245 26
7 Hemocyanin subunit 1 Gammarus roeseli Oxygen transporter 0.0 CAI78901 6,272 2.2
8 Hemocyanin subunit 1 Gammarus roeseli Oxygen transporter 0.0 CAI78901 5,001 1.8
9 Hemocyanin subunit 1 Gammarus roeseli Oxygen transporter 0.0 CAI78901 3,766 1.3
10 $-1,4-endoglucanase Cherax quadricarinatus Cellulose digestion (GH9 family) 1e-130 AAD38027 3,549 13
11 Fatty acid-binding protein Bufo arenarum Unknown 5e-08 P83409 3,082 1.1
12 Hemocyanin Pacifastacus leniusculus Oxygen transporter 0.0 AAMB81357 2,916 1.0
13 Ferritin peptide Fenneropenaeus chinensis Iron storage protein 1e-57 ABB05537 2,455 09
14 Hypothetical protein Branchiostoma floridae Unknown (Leucine-rich repeat) le-24  XP_002223116 2,330 08
15 Lysosomal p-galactosidase Canis lupus familiaris B-galactosidase (GH35 family) 2e-132 ABA43388 2,293 0.8
16 Chymotrypsin Bl Litopenaeus vannamei Protease 9e-67 P36178 2,094 0.7
17 p-1,4-mannanase precursor Cryptopygus antarcticus Mannan digestion le-75 ABV68808 1,720 06
18 $-1,4-endoglucanase Cherax quadricarinatus Cellulose digestion (GH9 family) 7e-135 AAD38027 1,660 0.6
% o 2 19 Trypsin Litopenaeus vannameij Protease 2e-65 CAA60129 1,546 0.6
1.3% 20 Hypothetical protein Branchiostoma floridae Unknown (Leucine-rich repeat) le-24  XP 002223116 1,455 05

Limnoria quadripunctata
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Microbial communities (MCs) create complex metabolic networks in natural habitats and respond to
environmental changes by shifts in the community structure. Although members of MCs are often

not amenable for cultivation in pure culture, it is possible to obtain a greater diversity of species

in the laboratory setting when microorganisms are grown as mixed cultures. In order to mimic the
environmental conditions, an appropriate growth medium must be applied. Here, we examined

the hypothesis that a greater diversity of microorganisms can be sustained under nutrient-limited
conditions. Using a 165 rRMA amplicon metagenomic approach, we explored the structure of a
compost-derived MC. During a five-week time course the MC grown in minimal medium with sugarcane
bagasse (SCB) as a sole carbon source showed greater diversity and enrichment in lignocellulose-
degrading microorganisms. In contrast, a MC grown in nutrient rich medium with addition of SCB had

a lower microbial diversity and limited number of lignocellulolytic species. Our approach provides
evidence that factors such as nutrient availability has a significant selective pressure on the biodiversity
of microorganisms in MCs. Consequently, nutrient-limited medium may displace bacterial generalist
species, leading to an enriched source for mining novel enzymes for biotechnology applications.
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Defining functional diversity @
for lignocellulose degradation in a microbial
community using multi-omics studies
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Results: Here, we investigated the microbial degradation of wheat straw in liquid cultures that had been inoculated
with wheat straw compost. Samples taken at selected time points were subjected to multi-omics analysis with the
aim of identifying new microbial mechanisms for lignocellulose degradation that could be applied in industrial pre-
treatment of feedstocks. Phylogenetic composition of the community, based on sequenced bacterial and eukaryotic
ribosomal genes, showed a gradual decrease in complexity and diversity over time due to microbial enrichment. Taxo-
nomic affiliation of bacterial species showed dominance of Bacteroidetes and Proteobacteria and high relative abun-
dance of genera Asticcacaulis, Leadbetterella and Truepera. The eukaryotic members of the community were enriched
in peritrich ciliates from genus Telotrochidium that thrived in the liguid cultures compared to fungal species that were
present in low abundance. A targeted metasecretome approach combined with metatranscriptomics analysis, identi-
fled 1127 proteins and showed the presence of numerous carbohydrate-active enzymes extracted from the biomass-
bound fractions and from the culture supernatant. This revealed a wide array of hydrolytic cellulases, hemicellulases
and carbohydrate-binding modules involved in lignocellulose degradation. The expression of these activities corre-
lated to the changes in the biomass composition observed by FTIR and ssNMR measurements.

Conclusions: A combination of mass spectrometry-based proteomics coupled with metatranscriptomics has
enabled the identification of a large number of lignecellulose degrading enzymes that can now be further explored
for the development of improved enzyme cocktails for the treatment of plant-based feedstocks. In addition to the
expected carbohydrate-active enzymes, our studies reveal a large number of unknown proteins, some of which may
play a crucial role in community-based lignocellulose degradation.
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metasecretome of lignocellulose-
degrading microbial communities
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Dowle?, Igor Polikarpov?, J Peter W. Young®, Simon J. McQueen-Mason® & Neil C. Bruce?

Microbial communities metabolize plant biomass vsing secreted enzymes; however, identifying

: extracellular proteins tightly bound to insoluble lignocellulose in these microbiomes presents a

: challenge, as the rigorous extraction required to elute these proteins also lyses the microbes associated
¢ with the plant biomass releasing intracellular proteins that contaminate the metasecretome. Here

. we describe a technique for targeting the extracellular proteome, which was used to compare the

metasecretome and meta-surface-proteome of two lignocellulose-degrading communities grown

on wheat straw and rice straw. A combination of mass spectrometry-based proteomics coupled with

metatranscriptomics enabled the identification of a unique secretome pool from these lignocellulose-

degrading communities. This method enabled us to efficiently discriminate the extracellular proteins
¢ from the intracellular proteins by improving detection of actively secreted and transmembrane

proteins. In addition to the expected carbohydrate active enzymes, our new method reveals a large
number of unknown proteins, supporting the notion that there are major gaps in our understanding of
how microbial communities degrade lignocellulosic substrates.
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Targeted metatranscriptomics @
of compost-derived consortia reveals a GH11
exerting an unusual exo-1,4-3-xylanase activity
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Melissa C. Espirito Santo’, Simon McQueen-Mason?, Neil C. Bruce” and Igor Polikarpov'”
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