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Information resources

geoPortal LNEG: National potential for the production of energy crops

l & Bases de dados — CONVERTE | L' X x geoPortal LNEG X |+

C @ () https://geoportal.lneg.pt/mapa/# e

GEOPORT, MAPA ~ NAVEGAGAO ~ TEMAS v PESQUISA ¥ FUNCIONALIDADES ~ AJUDA

ENERGIA E GEOLOGIA

Tabela de Contetidos

Montes’\h
NEturat®ari

Valladolid
o
v @® Converte

@® Areas adequadas para cultivo

Salamanca
o de Cardo

Areas adequadas para cultivo
de Miscanto

4 o
b E r Coimbea B
Hip -~ 70
J%» . 8 Y * ok > @ Areas adequadas para cultivo
19 Ry U((' AL . da Paulénia

Areas adequadas para as
Microalgas

Extremadura > @ Areas de Espécies Agricolas-
Silvicolas Cultivadas

Y Badajoz Mérida

&® Conjunto completo de todos
os mapas

Murcia _Murcia
Cérdoba Region
o

Cartagena
o

Andalucia

1848 E
21-May-21 4

A ¥ O


https://geoportal.lneg.pt/mapa/

Combining Geographical and Statistical

Information resources

B @ ConsdeUsoeOwpagiodoso X |+ = B8 X

€ 2> C A & https//www.dgterritorio.gov.pt/Cart,

d-g’I‘erﬂtério ADGT ATIVIDADES SISTEMAS DE INFORMAGAO DADOS ABERTOS LOJA CONTACTOS PPUE2021 =

By
COS
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Corn stover
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Olive tree prunnings
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Orchards prunnings
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Fruits and vegetables (F&V):

Wine sector: v' Carob pulp Olive oil industry
* Wine lees v' Nuts shells v’ Extracted Olive Pomace (EOP)
* Grape pomace v' Peach stones

ArcGIS v' Tomato pomace
11



These Materials are not created equal!

Extracted olive Almond Shell Pine nut shell
Pomace

Biological Nature

Chemical Composition

Structural differences

and many other factors

DO IMPACT SIGNIFICANTLY Cluean = Hemicalluiose
on the their upgrade pOtentiaI Total extratives Others (by difference)



How to estimate the upgradeability of a given
material?

What are the main restrictions to its use?

What are their
Strengths,
Weaknesses,
Opportunities and Threats?

When can they be used?

There are no easy answers to these questions, and they are often dealt with
in a rather subjective and non-systematical way



The BVPI concept

Biotechnology
Journal

DOl 10.1002/biot.200700183 Biotechnol. ). 2007, 2, 1556-1563

Technical Report

Biotechnological valorization potential indicator for
lignocellulosic materials

Luis C. Duarte, Maria P. Esteves, Florbela Carvalheiro and Francisco M. Girio

INETI, Departamento de Biotecnologia, Lisboa, Portugal

Upgrade potential can be modeled as a function of 4 main criteria



The BVPI Concept

4 Main Evaluation criteria

Biological
&
Physico-chemical
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The BVPI Concept

4 Main Evaluation criteria

Biological
&
Physico-chemical

Technological

Geographical




The BVPI Rating

Within each factor, the Lignocellulosic material under study
Is given a score (S;) from

0
(Undesirable characteristic)

To

3
(Strong Positive Impact)



Biological and physico-chemical factors
grid

Factors Criterion Score

Herbaceous 3

Biological nature Softwoods 2

Mix 0

Mono-, disaccharides or starch 3

Hemicellulose (C6) 2

Macromolecular composition
(main or relevant fraction)

Protein/Other 0

Lignin 0

<15 3

Water content <40 2

(%)

> 80 0

Soft and high density materials 3

Soft and low density materials 2

Physical characteristics

Hard and low density materials 0




Economical factors grid

Factors Criterion Score

All year 3

Seasonality (available during...) = 2 Months 2

< 3 months

<0
0-40

N WO

Economic value (€/t)
> 120

High
Medium

NWO

Market dependency
Null 0




Technological factors grid

Factors Criterion Score
None 3
Energy 2

Currently applied
technology/destination

Reutilization 0

Industrial feedstock 0

Mature 3

Development stage of the Demonstration 2
Biorefinery processing technology

Null 0




Geographical factors Grid

Geographical factors classification grid

Factors Criterion Score
Total available quantities : gg 838’3 ;
(current or potential) !
(tyear) < 8 000,0 0
> 80 000,0 3
Geographical concentration < 80 000,0 2

(t / (year Region)
< 8 000,0

Compulsory/strongly
Political or legal constrains supported
(Situation concerning Supported/Subsidized 2

upgrading)
Prohibit 0




The BVPI Concept

Computation

1=12

BVPI =>'S,
i=1

No weighting
No scaling

0

36




The BVPI Evaluation results

Current Development

e e e Sesonaiy ST a0y et e A g ” v
destination technology
1 Rice husks 3 1 3 2 3 2 3 3 1 2 2 1 26
2 Brewery’s spent grain 3 1 1 2 3 2 3 3 1 3 2 1 25
3 Carob pulp 1 3 3 3 3 0 3 1 1 2 2 1 23
4 Tomato pomace 3 1 1 2 (0] 2 3 3 1 2 2 1 21
5 De-alcoholized grape bagasse 1 1 1 2 2 2 3 3 1 2 2 1 21
6 Extracted olive bagasse 1 1 3 3 3 2 0] 2 1 2 2 1 21
7 Grape stalks 1 1 3 2 1 2 3 3 1 1 (0] 1 19
8 De-alcoholized wine lees 1 1 1 3 2 2 3 3 1 1 0 1 19
9 Pine nut shells 2 1 3 1 3 2 0] 2 1 1 1 1 18
10 Rice bran 3 3 3 3 3 1 1 (0] 0 0] 0] 1 18
11 Rice middlings 3 3 3 3 3 1 1 (0] (0] 0] (0] 1 18
12  Rice greens 3 3 3 3 3 1 1 (0] 0 0] 0 1 18
13 Olive bagasse 1 0 1 2 1 2 K] 0 1 K] 2 1 17
14  Citrus peels 1 1 1 3 1 2 2 1 2 1 1 1 17
15 Grape seeds 1 (0] 3 2 2 2 3 (0] 1 0] 1 1 16
16  Malt dust 3 (0] 3 3 3 1 1 (0] 1 0] 0] 1 16
17  Almond shells 1 1 3 1 3 2 0] 2 1 0] 0 1 15
18 Nuts shells 1 1 3 1 3 2 (0] 2 1 0] (0] 1 15
19  Fruit pulp 1 1 1 3 1 2 2 1 2 0 0 1 15
20 Malt culms 3 (0] 3 3 3 (0] 1 (0] 1 0] (0] 1 15
21  Grape bagasse 1 (0] 1 2 1 (0] 0] (0] 1 K] 1 0] 10
22 Wine lees 1 (0] 1 2 1 (0] 0] (0] 1 3 1 0] 10
Main restrictions:
Main advantages: = Macromolecular composition,
= No significat Seasonality = Underdevelop Technology,

= Quantities: Ok = Lack of national political support



Feacaled Distance Clustbor Combd me

The BVPI Analysis

MATERTAL OTABY +=== === = e m e m o mm s

3 Main groups

= Feedstock for the Biorefinery
Thermochemical Platform

Rice middlinga 11 —

= Agro-industial CO-PRODUCTS e -
- - i = Cluatar E Rice bran 10

(Uninteresting for the Biorefinery) Malt chut e
Malt culns 20—
'.-.l.ll-l:-ll. ataliks F.
De—a locholized wine E j
CitEus [.i.":i.":'..'u 14 T 1
Fruit pulp 19
Grap-s Saads 15 ——I—

» Feedstock for the Biorefinery Cluster € | Olive bagasse 13 — |
Biochemical Platform Rice husks 1 —

ErawaEy's apant grain

Tomats pomacs 4

Da=-alooholized grapa

Capch pulp 3



The “ideal” feedstock:

Carob Pulp

« High (40-50%) sugar (Sucrose, Fru and
Glc) content

« Significant amountSD: >> 40.000.000 kg/yr

* Highly geographically concentrated
(Algarve)

« No seasonality problems (easy storage)

« Favorable policies (carob plantation is being
subsidized)

Price...






ValorAlfa Valorization Strategy

Bioactive
Extractives

l

Food
Fiber

I

Hela

MCF-7

Solvent Extraction |

(PT104631)

_|Fermentation
| (PT104632)

—

Neuroblastomes

Use of Bioactive substances
(PT105731)

Aqueous extraction

_| Fermentation

Polyfunctional
Drink

Anti-oxidant
Anti-hyperglycemic
Probiotic
Non-dairy

" (PT104633)

»Mannitol

Alternative sweetener



UPCYCLED
FOOD Definition

“Upcycled foods use ingredients that
otherwise would not have gone to
human consumption, are procured and
produced using verifiable supply chains,
and have a positive impact on the
environment.”

Upcycled products prevent food waste
by




UPCYCLED
FOOD Elements

1. Upcycled foods are made from ingredients
that would otherwise have ended up in a food
waste destination

2. Upcycled foods are value-added products
3. Upcycled foods are for human consumption
4. Upcycled foods have an auditable supply
chain

5. Upcycled foods indicate which ingredients

are upcycled on their labels



Recalcitrant (non-edible) materials

Extracted olive Almond Shell Corncobs Pine nut shell
Pomace
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Biorefineries

Biochemicals

Biofuels
Bioenergy

A

BIOREFINERY

Chemicals

Biomass

SIADED, 2011
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Fractionation process options

Grinding
Milling

Super fine milling

Freezing
Radiation
Extrusion

Ultrasonication

Acid

Alkaline
Inorganic salts
Organosolv
lonic liquids
Ozonolysis

Deep eutectic solvents

Steam explosion
Liquid hot water

Ammonia fiber
explosion

Wet oxidation

CO2 explosion

Microorganisms
Fungi
bacteria

Enzymes



Fractionation process options

e
i

Microorganisms
Fungi
bacteria
Enzymes

S—

Grinding

Milling
Super fine milling

Freezing

Radiation

Extrusion

Ultrasonication




Liquid hot water: Fractionation
and upgrading step

Modeling and Analysis dBlOf

Techno-economic and life-cycle
assessments of small-scale
biorefineries for isobutene and
xylo-oligosaccharides production:
a comparative study in Portugal

and Chile
(Xylo-)
Oligosacharides

IEEae and Bicrefinery
hitps:/idaiorg/10.1007/513399-023-05244-2

mmma
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Applications

- Incorporation in animal feed
- Improvement of specific

shrimp, traditional cheese

XOS

- Preparation of functional

foods (eg. cookies, fruit jelly,
chaocolates or dairy products)

properties of food (eg. frozen

“requeijac”)

Properties and Effects

Food & Feed

Health

Improve
organoleptic properties

fe

Applications

pH stability

Thermal stability Low-caloric sweetner

Cryoprotective effect

Anti-microbial activity

Antioxidant activity

-

-
S~o
-

-
Fat replaceL -~

’

’ Prebiotic effect
I/ Moisturizer

Emulsifier

I
\\ Improve rheological

properties

Stabilizer

- =
o

Cosmetics

* Functional food ingredients recognized by FDA (2019)

* High Market Value

e But still low market demand

ORIGINAL ARTICLE

Microwave-assisted hydrothermal processing of pine nut shells

for oligosaccharide production

Ivone Torrado'
Helena Pereira’

- Beatriz Guapo Neves'

- Maria da Conceigao Fernandes'*
+ Luis C. Duarte®

Chack for
ups

-Florbela Carvalheiro®

Waste M |_:|'.\;'.\-|'|\-|'I 119 (2021 0 1
Contents lists available at ScienceDirect

Waste Management

= .||.|.|Il_|-:
CHHNF

journal hemepage: www.elsevier.com/locate/wasman

Assessment of the effect of autohydrolysis treatment in banana’s m
pseudostem pulp P

Sara Diaz?, Zaida Ortega®, Antonio N. Benitez °, Diogo Costa ", Florbela Carvalheiro ", Maria C. Fernandes“,
Luis C. Duarte ™"



Monosaccharides and Polyols as pivotal biorefinery products

XYLITOL APPLICATIONS

reactions
o MopL

Article
Combination of Autohydrolysis and Catalytic Hydrolysis of

Biomass for the Production of Hemicellulose Oligosaccharides
and Sugars

Léa Vilcocg 1*, Agnes Crepet ? Patrick Jame ¥, Florbela Carvalheiro *© and Luis C. Duarte *

. fermentation [MDPI
~

DIABETES

\\ 4 DENTAL Article
= Xylitol Production by Debaryomyces hansenii in Extracted Olive
- Pomace Dilute-Acid Hydrolysate
8 o
y \ ENSF':mLC:EY Ana Rita C. Morais !, Luis C. Duarte 0, Pedro Lourenco 2, Ivone Torrado ', Teresa Bras 40, Luisa A. Neves *
~ . ; ) and Florbela Carvalheiro 1+#
& ege ©
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€
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Take home messages

BVPI can be a useful tool to ascertain the upgrade potential of a give
material

might be useful starting point for the development of more robust
classification criteria for food waste products

Biorefinery concepts are useful for the upgrade of food waste materials
and to enable their maintenance/upscale as food products
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https://www.5ciab.es/

TRL of current technologies under development for
Advanced Biofuels

System test,

Launch & Operations

System / Subsystem
Development

Technology
Demonstration T

......................................

Technology
Development

Research to Prove
Feasibility oo 3

.......................................

re--
'

Basic Technology
Research



TRL vs. CRI - Commercial-Readiness Index

Commercial-Readiness-Index.pdf (arena.gov.au)

System test,
Launch & Operations

System / Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

Bankable Asset Class

Market competition
Driving widespread development

Multiple Commercial Applications

Hypothetical Commercial Proposition


https://arena.gov.au/assets/2014/02/Commercial-Readiness-Index.pdf

TRL vs. CRI - Commercial-Readiness Index

E Research and
' Development

]
o= m mmmme R A R T 1

Supported Competitive
Commercial Commercial

Commercial
Scale

Pilot Scale

'Commercial readiness,
1 |
N 2 3 . 4 5 6

- »

Commercial-Readiness-Index.pdf (arena.gov.au)



https://arena.gov.au/assets/2014/02/Commercial-Readiness-Index.pdf

R&DD Timeframe

40

Years To reach TRL9

4
GAP to reach TRL9

Adapted from The impact of technology availability on the transition to net-zero industry in Sweden - ScienceDirect

2060

2055

2050

2045

2040

2035

2030

2025

2020

Ref. Year


https://www.sciencedirect.com/science/article/pii/S095965262202193X?via%3Dihub

@) Fruta Feia | Gente bonita come X +
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25 frutafeia.pt/en

English Portugués CONSUMER'S LOG IN
0 0 .
CHOICE WE MAKE! movement that can change consumption patterns and

28/09/2023 - 15:01 28/09/2023 - 14:58 that can create a market to the so called “ugly fruit” A
market that generates value and fights not only this
waste but also the unnecessary waste of resources

used in their production (water, energy and soil).
19 junho > 18 agosto

na Biblioteca Nacional de Portugal
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Hemicelluloses upgrade

Prebiotic OS consumers

Oligosaccharides v Benefits to health
v" Food supplement

Posbiotic acids
v Building block '

v Acidulant)

Probiotics

v Prebiotic activity

v Food supplement

v Food flavouring

v" Food preservative N



Patent 1 Symbiotic drinks obtained from coffee grounds
\ “Upcycled foods are for human consumption”
v Is all about elevating food to its highest and best use

CYCLED v Are made from ingredients that would otherwise have ended up in a food waste destination

P
-

CO gunds_ Symbiotic drink

fed

) s s Y
" W) TECHNOLOGY ™

4

v" Upcycled food
v Milk free

v Green/Sustainable
v’ Zero value

i v' Cost-effective
v Antioxidant o
v Pre-, Pos-, and Posbiotic

47
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