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Objective:

To provide affordable and innovative
solutions for increasing the efficiency of
advanced biofuels production from
lignocellulosic biomass.

1) integrating food/feed/fuels cropping
systems along with perennial grasses
grown in marginal land;

i) optimizing logistical concepts;
i) increasing the efficiency of

thermochemical and biochemical
conversion technologies.
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Advanced biofules: &EM;EWO“?@E

Fuels produced from lignocellulosic feedstocks (i.e. agricultural and

forestry residues, e.g. wheat straw/corn stover/bagasse, wood based
biomass), non-food crops (i.e. grasses, miscanthus, algae), or industrial
waste and residue streams, having low CO, emission or high GHG
reduction, and reaching zero or low ILUC impact

(nttp://www.biofuelstp.eu/advancedbiofuels.htm)



BECOOL context:

EU Climate and Energy Package (June 2009)

The ,,20-20-20“ Targets

Binding targets by 2020

Subtarget:
10% RE in transport

¢ iLUC Directive (cap 7%
biofuels produced from 'food'
crops ). reason marginal/idle
lands viable resource for
advanced biofuel.
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¥ The Commission's RES-T proposal

2030

- — 27% (update 32%, June
. :m:mmu;m : s 2018) of renewable
e B ol el 1t s energy and -40% GHG
E 14% target for the
§ - transport sector
£ ** Advanced biofuels:

minimum target of
5.3%
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LUC - Direct Land Use Change:
e.g. when feedstocks are grown
on land that was previously forest

ILUC - Indirect Land Use Change:
when biofuel production displaces
the production of other commaodities,
which are then produced on land
converted elsewhere (perhaps in
another region or country)

Direct land
use change

Land with low carbon stocks and
biodiversity value

Sustainable
production



BECOOL context:

Figure 8: Biofuel demand by region 2010-50
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Note: F5U= Former Soviet Union.
Source: [EA, 2010c.
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Biofuels demandad 10-20 times
Carrying capacity of marginal land: 1%

B Afica
Huemnee - Development alternative innovative cropping systems a
Middle East .
it crucial task.
1a
W Other Asia
W china Integrated conventional crop rotations with biomass and
Eastern Europe f d r
Former Soviet Union 00 ¢ Ops
B 0ECD Pacific
mowwee  Fgvourable regulations & financial support in EU and Brazil:

OECD North America

Consumption advanced biofuels > 5 times by 2020, a
guarter by 2050.

Europe and Brazil > producers & consumers of biofuels.
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BECOOL context:
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BECOOL context:

Global Ethanol Trade Benefits the
U.5. & Brazil
Thee Uriited Stabes ard Brazil weene Uhe world® 1op Teaio
ethanal exporters in 20014

1000

= Complementarities in expertise and experience between EU and
- ) Brazil
= H . . . . .
| comeshanot (et | 7 Brazil: large biomass production potential (second largest biofuels
seors | G |SSE : i i
o . — producer in the world with the largest experience on sugarcane
T s Rest atha ethanol production and logistics.

Soaroes 51 CEY, LW Inberrai ional, Eremy Infeemas on &d minidradien

™ /3 . . .
The Proesa™ Process Brazil: advanced biofuel production based on sugarcane bagasse
n— e @, o (transforming half of the available bagasse into ethanol, Brazilian
f . .
L - R e P S ethanol output will increase by at least 50%).
T 1 \bIst 1 — Steam
) o EU: cutting-edge technological base on advanced biofuels. first

ol s industrial plant in the world for the production of advanced

e e O A AGERCI bioethanol was built in Europe (Crescentino, Italy) based entirely on

* Full;rintegra‘tedpmc&sdﬁignusingcontinucrus ®

. BZStTncla:stechnt:la;y,ghackeldE':thtperfnrmance M the PROESA teChnOIOgy

guarantees, lowest capex and opex.

+ Intellectual Property — 26 patent family applications filed, VJ

14 are public



The BECOOL project pillars:

PILLAR 1 - Biomass
production and feedstock
diversification;

PILLAR 2 - Biomass
logistics;

PILLAR 3 — Conversion
processes

State of the art

Food

b % Undefined biomass supply district
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: I o =
w9 rotations (mainly
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External
supply

ADVANCED
BIOFUELS

Implementation of pP=
technology in Brazil

Increased efficiency

= '_2_* (lignin rich oil used

for biofuels)

» > feedstock diversification

* At least 50% more lignocell. biomass
» More defined biomass supply districts
> More effective logistics and processes

J
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PILLAR 3



PILLAR 1 - Biomass production and

feedstock diversification

State of the art

Food
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PILLAR 2
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Integrated biomass supply systems (annual
& perennial dedicated lignocellulosic crops;
crop/process residues)

Integrated cropping systems (conventional &
dedicated lignocellulosic crops) absent in
Europe

Dedicated annual lignocellulosic crops will
be introduced alongside the conventional
crops (>LER — Land Equivalent Ratio)

Perennial grasses grown in marginal/idle
lands.

Harvesting logistics

Environmental benefits (integrated cropping
systems)
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PILLAR 1 — Crop rotations

C Maize Wheat Maize
R1 Maize Sunn Hemp Wheat Sunn Hemp Maize
R2 Maize Fiber sorghum Wheat Sunn Hemp Maize
R3 Maize i Kenaf Wheat Sunn Hemp Maize
R4 Maize Hemp Wheat Sunn Hemp Maize

R5 Sunn Hemp Wheat ) Sunn HempWheat] Sunn Hemp Wheat Sunn Hemp

Carmabii tiva

o Scharfydar 4
7
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PILLAR 1 — Perennial crops




PILLAR 2 - Biomass logistics

Food

~ Undefined biomass supply distri
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 Crop Biomass logistics
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Improved
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i ﬂ logistics
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!
PILLAR 2

BECOOL

Develop strategies to deal with supply
uncertainties & logistic concepts.

Develop logistic concepts (X crop
diversification systems)

Provided cost effective and efficient logistics
(connecting feedstock diversity with
processing)

Develop integrated logistical handling and
pre-treatment processes



PILLAR 2 - Biomass logistics

Food

~ Undefined biomass supply distri
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Crop Biomass logistics
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Improved
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LocaGlStics, Bioloco and BeWhere: biomass
yards/hubs, no/one or more intermediate
collection points, different transport systems,
routes, different central and decentral pre-
treatment steps, different harvesting systems
etc.)

The logistical tools adapted to the case
situation x alternative logistical designs of the
biofuel delivery chains.

Cost optimization approach (tools adapted to
different geographic levels)



PILLAR 2 - Biomass logistics
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LocaGlStics, Bioloco & BeWhere tools developed
specific case studies (collection, transport &
process of the feedstock).

BeWhere, identifies optimal locations of biofuel
production plants (<minimization cost supply
chain)

LocaGlStics (based on BeWhere results) assess
the feasibility of the location, based on simulation
costs & emissions by logistics of the feedstock
supply. This loop process ensures a robust
estimation of the appreciation of the location and
characteristics (capacity, technology) of the biofuel
production plant.

BioLoco similar as BeWhere, but at local level.



PILLAR 3 — Conversion technologies
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Thermochemical & biochemical

Thermochemical: an intermediate
energy carrier produced by pyrolysis &
gasification

Intermediate carriers advantages: i)
allows accommodating specific logistics
requirements, ii) improves efficiency of
gasification.



PILLAR 3 — Conversion technologies

External
supply
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PILLAR 1

PILLAR 2

Biochemical: new fermentation
and separation processes (pre-
treatments, hydrolysis and
fermentation validated on pilot
scale)

Improved enzyme mixtures for
specific feedstocks.

Enzyme dose will be reduced
(sugar concentration increased,
through selecting microorganisms
for higher resistance to inhibitors)

of Advancert Lignocelulosic

BECOOL

Brezi-EU Coomu:lmfnrnmv'
Biofucis



PILLAR 3 — Conversion technologies f E@Eﬂ.ﬂ?ﬂo&?ﬂl—'
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General information about the BEECOL project

VALUE CHAINS: PROCESS ROUTES TOWARDS ADVANCED BIOFUELS

| PILLAR 3: PROCESSING |

PILLAR 1: BIOMASS

I PILLAR 2: LOGISTICS

‘a
ﬁ

EU and Brazil
=< A’

adv. bio

P4 - Biochemical processing & energy efficiency

CRES, UNIEO. DLO. IASA, DBFZ, WP3 - Gasification of bagasse, biomass and

<] T, CRE 2 CREA, CIEMAT intermediat iers to adv. biofuels Al
S CIEMAT, CREA = RECORD intermediate energy carriers to adv. biofuels
= pmmmmmmmmooes o  Desor e loa e R e N VIT,ECN, (-=--—------
2 | Agricultural ) i} ( Des_c “b.e |OgI§tIC b f Regulatory ! VIT,ECN,BTG, BTG,  Casestudyfor |
= 9 i ch lud ! !
o] H . T —_ H chains Including H ' framework RECORD RECORD ! benchmarking !
o i residues for  ~ | ! © H lary logistic | w «_ framework ] S ETTIETEL .
= ' adv. biofuels ! 1 : e | exemplary logistic o B et
5 \ . (- = | t o = D B il f Syngas downstream 3
= Semmemem————— s ! ol o concepts ; < ST vy yng !
2 CRES,UNBO, | @ | 2 BILEL [0 cE) Gasification [ conversion to adv. biofuels |
= 0 5 2 1 . . ] EeR o\ ___ J . . - H =
g © CIEMAT.CREA | = ! o DEFZ o 3 o an_lqd_ln_g_a_\ga_t\_c‘? Y~ » 5

= W c  1°r 1 Bl - " """ FT====- =
§% " Anpual - @ o T ~\ 1) Pyrolysis i VREég;GD' o L s
ca | Annual T E 2 Develop/test \ TR N - - - ' Lignin-oil = >

. —_— 1 . . /;
-% A dedicated = 2 * gT logistical H 9 O o
. £ : =
5 2 ! lignocellcrops ' ! 4§ 1 G , assessmenttools | S e - \ Ligninrich (==~ "oo - _\ m £
g § '-----o--s---- [ g ! © ! for EU and 1 = | Lignocellulosic ethanol @ -'gnin-ric Fast | = 3
(=4 1 . 1 : i —_ . 1 =]
) CRES,UNBO, | @ | 2 \_ Brazilian cases w \ _ Plant (biochemical) | \__Pyrolysis Qe
0 CIEMAT,CREA ' T @  s---——-op--—o--- O =
% ! ! = (@] s VTT. BTG Heat & Power | VTT,BTG,
it N i< DLO. IIASA = "ORD, (" "T_ ;- =---- BEGNT] 3
£ i Perennial ‘: : : ] * (T] REEND | TechnoEcon |
= ] . ' I 2. — | B
om 1 dedicated Il ) =] [ . \ = | | . assess of lignin- 1 Al
. ~--- Assess different ~ )
K :‘ lignocell crops /,' I ! logistio concepts for i { Pre-treatments and | ' _fchtoBtOH . .
a  TTTTTTTTTTTT E : 1 : biochemical conv to : |( Case study for :
\ ! L E adv EtOH el i benchmarking

in

/

fuels production

WP5 = INTEGRATED MARKET AND VALUE CHAIN SUSTAINABILITY ASSESSMENT (DBFZ, All partners)

WP6 — DISSEMINATION, COMMUNICATION AND EXPLOITATION (SENASA, All partners)

WPT — COORDINATION AND MANAGEMENT (UNIBO)

Fig. 1.7 — Simplified BECOOL workflow
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