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Information resources
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geoPortal LNEG: National potential for the production of energy crops

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


Combining Geographical and Statistical 
Information resources
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Agricultural
residues



Corn stover
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Olive tree prunnings
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Orchards prunnings
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Agro-food industrial
residues
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Wine sector:
• Wine lees
• Grape pomace

Olive oil industry
 Extracted Olive Pomace (EOP)

Fruits and vegetables (F&V):
 Carob pulp
 Nuts shells
 Peach stones
 Tomato pomace



Biological Nature

Chemical Composition

Structural differences

and many other factors

DO IMPACT SIGNIFICANTLY 
on the their upgrade potential

These Materials are not created equal!
Extracted olive 

Pomace 
Almond Shell Pine nut shell 



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

How to estimate the upgradeability of a given 
material?



The BVPI concept

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



4 Main Evaluation criteria

Biological
&

Physico-chemical

The BVPI Concept

Duarte et al 2007. Biotechnol. J. 2:1556-1563 
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Duarte et al 2007. Biotech. J. 2:1556-1563 



Within each factor,  the  Lignocellulosic material under study 
is given a score (Si) from

0
(Undesirable characteristic)

To

3
(Strong Positive Impact) 

The BVPI Rating



Factors Criterion Score 
Herbaceous 3 
Softwoods 2 
Hardwoods 1 Biological nature 

Mix 0 
Mono-, disaccharides or starch 3 
Hemicellulose (C6) 2 
Hemicellulose (C5) 1 
Cellulose 1 
Protein/Other 0 

Macromolecular composition 
(main or relevant fraction) 

Lignin 0 
< 15 3 
< 40 2 
40-80 1 

Water content 
(%) 

> 80 0 
Soft and high density materials 3 
Soft and low density materials 2 
Hard and high density materials 1 Physical characteristics 

Hard and low density materials 0 
 

Biological and physico-chemical factors 
grid



Factors Criterion Score 
All year 3 
< 9 months 2 
< 6 months 1 Seasonality (available during…) 

< 3 months 0 
< 0 3 
0-40 2 
40-120 1 Economic value (€/t) 

> 120 0 
High 3 
Medium 2 
Low 1 Market dependency 

Null 0 
 

Economical factors grid



Factors Criterion Score 
None 3 
Energy 2 
Recycling/upgrade 1 
Reutilization 0 

Currently applied 
technology/destination 

Industrial feedstock 0 
Mature 3 
Demonstration 2 
Development 1 

Development stage of the 
Biorefinery processing technology 

Null 0 
 

Technological factors grid



Geographical factors classification grid 

Duarte LC, Esteves MP, Carvalheiro F, Gírio FM. 2007. Biotechnol J. 2(12):1556-63.

Factors Criterion Score 
> 80 000,0 3 
< 80 000,0 2 
< 24 000,0 1 

Total available quantities 
(current or potential) 

(t/year) < 8 000,0 0 
> 80 000,0 3 
< 80 000,0 2 
< 24 000,0 1 

Geographical concentration 
(t / (year Region) 

< 8 000,0 0 
Compulsory/strongly 
supported 3 
Supported/Subsidized 2 
Neutral 1 

Political or legal constrains 
(Situation concerning 

upgrading) 
Prohibit 0 

 

Geographical factors Grid
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Duarte LC, Esteves MP, Carvalheiro F, Gírio FM. 2007. Biotechnol J. 2(12):1556-63.

The BVPI Evaluation results

Main advantages:
 No significat Seasonality
 Quantities: Ok

Main restrictions:
 Macromolecular composition, 
 Underdevelop Technology,
 Lack of national political support

Order Material Biological 
nature 

Macromolecular 
composition 

Water 
content 

Physical 
characteristics Seasonality Economic 

value 
Market 

dependency 

Current 
technology 

/ 
destination 

Development 
stage of 
upgrade 

technology 

Available 
quantities 
(actual) 

Geographical 
concentration 

Political or 
legal 

constraints 
BVPI 

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 3 0 1 3 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 3 1 0 10 
22 Wine lees 1 0 1 2 1 0 0 0 1 3 1 0 10 

 



3 Main groups

 Feedstock for the Biorefinery 
Thermochemical Platform

 Agro-industial CO-PRODUCTS 
(Uninteresting for the Biorefinery)

 Feedstock for the Biorefinery 
Biochemical Platform

Duarte LC, Esteves MP, Carvalheiro F, Gírio FM. 2007. Biotechnol J. 2(12):1556-63.

The BVPI Analysis



• 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…

The “ideal” feedstock:
Carob Pulp





ValorAlfa Valorization Strategy

Mannitol

Solvent Extraction
(PT104631)

Bioactive
Extractives

Food 
Fiber

Polyfunctional
Drink

Fermentation
(PT104633)

Aqueous extraction

Fermentation
(PT104632)

Anti-oxidant
Anti-hyperglycemic
Probiotic
Non-dairyHeLa

MCF-7
Neuroblastomes

Alternative sweetener
Use of Bioactive substances

(PT105731)



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 creating New, High Quality Products 
out of surplus food.



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
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Extracted olive 
Pomace 

Almond Shell Corncobs Pine nut shell 

Recalcitrant (non-edible) materials



BIOREFINERY

Biomass

Biochemicals

Biofuels
Bioenergy

Biomaterials

ChemicalsEnergy

VA
LU

E

SIADED, 2011

Biorefineries

https://www.google.pt/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwicwpz-3d3lAhWjxYUKHXOMChUQjRx6BAgBEAQ&url=https%3A%2F%2Fpublicdomainvectors.org%2Fen%2Ffree-clipart%2FVector-image-of-pictogram-for-petrol-pump%2F23107.html&psig=AOvVaw31x2jruvf3LsN65U1y0Wzg&ust=1573409685438130


Fractionation process options
Biomass deconstruction/ 
Fractionation Processes

Mechanical

Grinding
Milling
 Super fine milling

Freezing
Radiation
Extrusion
Ultrasonication

Chemical

Acid
Alkaline
Inorganic salts
Organosolv
Ionic liquids
Ozonolysis
Deep eutectic solvents

Physicochemical

Steam explosion
Liquid hot water
Ammonia fiber 
explosion
Wet oxidation
CO2 explosion

Biological

Microorganisms
Fungi
bacteria

Enzymes
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(Xylo-)
Oligosacharides

XOS
• Functional food ingredients recognized by FDA (2019) 

• High Market Value

• But still low market demand

Liquid hot water: Fractionation 
and upgrading step



Monosaccharides and Polyols as pivotal biorefinery products



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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Thank you for your attention
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