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1. INTRODUCTION

1.1 Residue Valorization Within a Biorefinery: Current Scenario in Europe
The European Union (EU) is encouraging the promotion of energy from renewable

sources by application of its legislation to attain a sustainable growth based on bioecon-

omy. Renewable Energy Directive (2009/28/EC) has targeted for the EU to have 20%

of its final energy consumption provided by renewable sources by 2020. It also includes a

substitution of a minimum of 10% transport fuel by biofuels from renewable sources,

aiming to meet a set of mandatory sustainability regulatory rules to achieve greenhouse

gas reductions and to mitigate risks related to areas of high biodiversity value and areas of

high carbon stock. Moreover, legislation establishes that biofuels must be produced by

environmentally friendly processes. In this context, biorefinery development is consid-

ered an appropriated strategy for the suitable use of renewable sources. The biorefinery is

based on the raw materials processing for bio-based products, chemicals, and fuels

manufacturing as an alternative to the petroleum refinery [1,2].
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Residues and wastes generated from industrial and agrofood processes are considered

renewable feedstock enriched by bio-based compounds [3,4] that can be reused and

recycled to produce energy and other value-added products satisfying environmental

EU policy at laying the foundations for the circular economy [5].

Identification and quantification of suitable residues to be used in a biorefinery

scheme are essential to attain a feasibility of Europe’s transition toward productive growth

based on a sustainable use of resources. Many of the residues generated in Europe have

got an existing use, for example, sawdust, a “waste product” of wood production, which

is used to make products such as fiberboard, and some crop residues as animal feed or

agricultural activities. Therefore, only one fraction of these wastes (225 million tons

per year) could be considered to feed a biorefinery. Among these wastes, the following

are included: crops residues, 122 million tons/year; municipal waste (paper, wood, food,

and gardens), 63 million tons per year; and forestry residues, 40 million tons per year [6].

Most of the studies and reports about the availability of lignocellulosic residues in

Europe collect data considering energetic purposes (mainly biofuels from the cellulosic

fraction or for thermal energy). However, literature has not addressed other potential uses

and/or mapping of resources availability from a biorefinery perspective [7].

In Europe, 30% of the residues are constituted mainly by agricultural and forestry

wastes. Residues derived from crops (as wheat, rye, barley, oats, maize, rice, rapeseed,

and sunflower) could help to satisfy 1530PJ/year of energy needs [8]. Nevertheless, the

main inconvenience of agricultural residue use is related to temporal variations. Therefore,

it is pertinent to consider residues from other sources. Forestry biomass is the most impor-

tant renewable resource of energy in Europe. Forest resources have an estimated bioenergy

potential of 1400–5400PJ/year [9]. On the other hand, residues from food supply chain

may also constitute an important source for bio-based processes development [4].

Therefore, the residues generated in industrial processes represent an alternative

renewable source being an opportunity for employing creation, reuse, and recycling

of wastes, improving the economy of industrial processes and generation of new market

opportunities. Nevertheless, a suitable waste processing to obtain value-added com-

pounds needs a profound knowledge of its chemical composition and structural disposal

for a successful fractionation.

1.2 Residue Fractionation: First Step in a Biorefinery
The bioconversion or valorization of lignocellulosic residues and industrial wastes into

biofuels, biochemical, and biomaterials within a biorefinery scheme (using green tech-

nologies) seems an interesting strategy to satisfy economic and sustainable desirable goals.

The valorization of residues can be carried out by two approaches: (i) the global use of the

residue (as a whole without previous separation) and (ii) the use of residue fractions (with

previous selective separation). The global use includes methods of combustion,
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gasification, pyrolysis, or liquefaction. On the other hand, the fractionated use of these

residues is an alternative to global use by selective fractionation into their main com-

pounds. Fig. 16.1 shows a biorefinery scheme for residue valorization into value-added

compounds. The main challenge of fractionated use is separating its components without

chemically degrading some of them. In this sense, the fractionation process must be care-

fully selected taking into account all components’ recovery.

Therefore, the technology employed for fractionation is dependent on the raw mate-

rial composition, crystallinity index, and physical features. Agricultural and forestry

wastes are considered lignocellulosic materials mainly composed of cellulose, hemicellu-

lose, and lignin. These fractionation processes can be classified, considering the main frac-

tion obtained, in (i) delignification methods (solubilization of lignin by organosol and

alkali pretreatments) and (ii) hydrolysis of polysaccharides (solubilization of polysaccharides

by acid or enzymatic hydrolysis).

The first required step in a biorefinery consists of a process, needed to alter the

recalcitrant structure of lignocellulosic biomass, commonly known as pretreatment.

Some authors classify the pretreatments according to their nature in chemical, physical,

physicochemical, and biological pretreatment [10]. The pretreatment aims (i) to increase

surface area and porosity of the biomass, (ii) to reduce the crystallinity of cellulose, and

(iii) to disrupt the heterogeneous cellulosic structure of materials [10]. The pretreatment

modifies the lignocellulose biomass structure by hemicellulose solubilization or by

removing the lignin. In general, all pretreatments can change the lignin structure and

disrupt the crystalline configuration. The chemical composition of the resulting pre-

treated biomass changes according to the chosen pretreatment, being possible to obtain

streams with variable composition: (i) the spent solids with modifications in their

structure (using pretreatments as ionic liquids), (ii) the spent solids (composed of cel-

lulose and lignin) and a liquid phase composed of hemicellulose-derived compounds

(using pretreatments such as autohydrolysis, steam explosion, or diluted acid), and

(iii) the spent solid composed of cellulose and hemicellulose and a liquid phase or

“black liquor” containing solubilized lignin (using pretreatments such as organosol or

alkaline).

Besides, the “ideal” pretreatment must satisfy some of these following requirements:

(i) to have a simple and economical operation; (ii) to need limited requirements of energy,

water, and chemicals; (iii) to avoid equipment corrosion; (iv) to have the ability to alter the

structure of lignocellulosic biomass; (v) to be selective toward polysaccharide losses; (vi) to

recover high valuable products as hemicellulose-derived compounds; (vii) to produce a

limited amount of undesired degradation products; (viii) to produce substrates with high

cellulose content, susceptible toward enzymatic hydrolysis; (ix) to generate high-quality

lignin and/or lignin-derived products; and (x) to generate a limited number of wastes.

So far, no single method of pretreatment was found to meet all these requirements. As

an alternative, different methods can be combined for the biomass processing [11,12].
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Fig. 16.1 Scheme representation of residue valorization within a biorefinery.
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Among those considered to be “green” pretreatments or technologies, hydrothermal

treatments, assisted or not with microwave, combined with enzymatic hydrolysis for bio-

logical compound production have been proposed for valorization of lignocellulosic bio-

mass in a biorefinery scheme. In these processes, aqueous suspension of residues is heated

to cause hydrolytic depolymerization of hemicellulose, obtaining a liquid phase enriched

in hemicellulose-derived compounds (oligosaccharides). A solid phase that is prone to

cellulose conversion into glucose using hydrolytic enzymes is also obtained [11]. These

processes are considered promising and sustainable pretreatment alternatives since they

fulfill most of the looked-for pretreatment requirements mentioned above [13].

The same fractionation technologies can be applied for foodwaste processing, but one

has to consider its chemical composition. Residues from food industry can be composed

of complex structures such as starch, pectin, cellulose, or hemicellulose and simple mol-

ecules such as soluble sugars, proteins, and phenolic compounds. The main difference

with lignocellulosic biomass is that food waste structure is not strongly linked being easier

to fractionate. On the other hand, these soluble compounds that are straightforward to

fractionate may degrade at high temperatures and pressures or prolonged times.

2. MAIN INDUSTRIAL PROCESSES AND WASTES IN SOUTHWESTERN
EUROPE

Flowcharts of the industrial processes should be identified to define the use and applied

technology for the valorization of the generated residues. Some examples of industrial

processes in Southwestern Europe are presented below.

2.1 Residues From Pulp and Paper Mills
The forestry area in Southern Europe represents 31% in France, 35% in Portugal, and

36% in Spain with a production of 65 million m3, 13 million m3, and 16 million m3,

respectively [14]. The potential sustainable biomass production from forest residues

consists of various streams, such as (i) the current production of stem wood for industry;

(ii) the potential stem wood harvested within the sustainable harvest limit; (iii) the

primary forestry residues, for example, logging residues, early thinnings, and extracted

stumps; and (iv) the secondary forestry residues, residues from the processing of wood

in the industry [2]. One of the uses of forestry biomass is the papermaking. Paper pro-

duction in Spain and Portugal is based mainly on eucalyptus wood.

In Europe, pulp and paper mills generate 11 million tons of waste [15]. These wastes

include pulping liquors, wood wastes, sludge, and rejects. Fig. 16.2 shows the kraft pro-

cess for cellulose pulp production and the residue generation. Black liquor is the most

important biomass fuel in a kraft pulp mill, containing around 50% from wood substance

dissolved. However, this by-product is only used to produce energy in the pulp and paper

industry. Wastewater treatment produces a large amount of sludge (the production of
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1 ton of paper at a paper mill generates about 40–50kg of dry weight sludge). In addition,
several stages of processing (viz., pulping, papermaking, and deinking) generate waste-

water, containing a noteworthy percentage of cellulose [16–19]. On the other hand,

wood handling produces wood wastes including sawdust, bark, wood chips, and woody

residues that are undesirable for papermaking due to its features. Kraft pulp mill produces

approximately 160–450kg of wood solid wastes per ton of oven-dry pulp [18]. The solid
waste composition is known and constant being considered a lignocellulosic material.

On the other hand, the composition of sludge is highly dependent on the operations per-

formed in the paper mill.

The sludge is usually mixed with bark and burnt in a boiler to produce energy or used

for landfilling. Nevertheless, these practices are associated with environmental problems.

Alternatively, sludge can be used for the elaboration of ecoblocks brick made from

recycled materials as activated sludge [20], for the production of activated biochar to

remove organic micropollutants [21], for the biogas production [22], and for animal feed

as protein supplementation source [23]. On the other hand, solid wastes contain low

humidity and have a considerable heating value.

In kraft pulp mills, the last trend is the development of new pulp products to improve

the efficiency of pulp and paper mills [24]. Kraft pulp mill is an excellent scenario since it

provides a platform for the cellulose processing that is able to be adapted to other new

products. Table 16.1 presents several value-added products obtained from a biorefinery

of pulp and paper residues that include a necessary treatment for the extraction or

Residues

Residues

Wood

Bark
Wood chips

Sawdust
Woody residues

Black liquor

SludgeWastewater
treatment

Wood
handling

Kraft cooking

Oxygen
delignification

Sodium
hidroxide

Sodium sulfide

O2

Multistage
bleaching

Pulp or paper
machine

Fig. 16.2 Main stages of kraft pulp mill and residues generated.
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production of the product of interest. These pretreatments enable to access the desired

fraction for the production of value-added products such as biofuels (ethanol), acid lactic

(a building block for the production of polylactic acid, PLA), oligosaccharides derived

from hemicellulosic fraction (used as prebiotic), or phenolic compounds with antioxidant

activity (produced by depolymerization of lignin).

2.2 Wastes From Wine-Making
Grape crop production is more than 60million tons every year and almost 23million tons

corresponding to European contributors. Grape production includes fresh consumption

as table fruit, juice, and raisins, but the major use of grape is in the wine production by the

vinification process [32]. The wine-making sector is considered one of the most

Table 16.1 Valorization of residues from pulp and paper mills: pretreatment used and main
product obtained
Raw
material Pretreatment Fraction

Value-added
product Reference

Eucalyptus

chips

Autohydrolysis treatment Cellulose Bioethanol [11]

Paper

sludge

Enzymatic saccharification Cellulose Lactic acid [17]

Paper

sludge

Enzymatic hydrolysis,

fermentation

Cellulose Ethanol [19]

Pine

sawdust

NaOH delignification

pretreatment, pulp

treatment, TEMPO-

mediated oxidation,

mechanical treatment

Cellulose Nanocellulose [25]

Paper

sludge

Fermentation for biogas

production

Organic

matter

Volatile fatty

acids

[26]

Waste fiber

sludge

Enzymatic hydrolysis and

fermentation

Glucose from

cellulose

hydrolysis

Bacterial

cellulose

[27]

Eucalyptus

chips

Autohydrolysis treatment,

acid hydrolysis,

fermentation

Hemicellulose Bioethanol [28]

Eucalyptus

chips

Autohydrolysis treatment,

fermentation

Hemicellulose Oligosaccharides [29]

Pine

residues

Compressed CO2

extraction

Lignin Phenolic and

lipophilic

compounds

[30]

Eucalyptus

bark

Supercritical CO2 fluid

extraction

Extractives Triterpenic acid [31]
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important beverage industries. Worldwide wine production is about 280 million hecto-

liters [4,33]. The European Union is the greater wine producer in the world, responsible

for the commercialization of 60% of world’s wine [34]. A 48% (3.6 million ha) of global

total area harvest of the vineyard is placed in Europe. The largest producer countries are

in Southwestern Europe (Italy, France, Greece, Portugal, and Spain). These countries are

responsible for 48% of global wine production [32].

The harvest of the vine and the process of wine elaboration (also known as vinifi-

cation) involve seasonal stages that generate a lot of residues (including product

enriched with bioactive compounds as phenolic compounds) [3]. These residues rep-

resent up to 30% of the material used for the wine elaboration [32]. Among these

wastes, it is important to highlight (i) biomass derived from pruning of vine,

(ii) grape stalk from the destemming stage, and (iii) grape marc or grape pomace

obtained from pressing stage. In this regard, 14.5 million tons of grape by-products

is produced in Europe, annually [35].

Briefly, the main steps of the wine processing are summarized below (Fig. 16.3). The

bunch of grapes are harvested mechanically or by hand. The stems are separated from

grapes and are crushed before the fermentation process. Fermentation is carried out

by yeast already present on the grapes. Days after maceration (fermentation), grape

Vine pruningVineyard

Harvesting

Desteming

Pressing

Fermentation

Aging-triage

Bottling-packing

Stalks

Grape Marc

Residues

Fig. 16.3 Main stages of vinification and residues generated.

494 Waste Biorefinery



pomace (also known as grape marc) is pressed by a pneumatic press for the separation of

wine. Subsequently, the malolactic fermentation is induced by inoculation with lactic

acid bacteria strain [36].

Residue chemical composition determines further valorization, therefore considering

the following:

• Vine pruning residue: the pruning is the result of the annual vine pruning representing

about 5% of the wine residue. This lignocellulosic residue is composed of a significant

percentage of cellulose (32.0%–49.0%) followed by lignin (21.0%–26.4%) and hemi-

celluloses (11.2%–13.6%) [37].
• Grape stalk: due to the high content of lignin, it is an important waste produced during

wine making. The stalks are composed of cellulose (20.1%–37.0%), hemicellulose

(4.8%–35.3%), and lignin (2.0%–56.1%) [38].
• Grape pomace: it is composed of cellulose (20.8%–48.2%), hemicellulose

(4.8%–35.3%), and lignin (16.8%–24.2%) [32]. Grape pomace is a rich source of phe-

nolic acids, colored anthocyanins, flavonoids, and tannins. Its composition is related to

the grape variety, the processing method, the environmental conditions, and the pro-

portion of the skin, seeds, and cuttings [39]. These compounds are extracted from

waste sources and used in food, cosmetic, and pharmaceutical industries.

Recent works in the literature have reported alternative processes for valorization of

these residues. Table 16.2 shows pretreatments employed for the residue processing

and the final product. A suitable pretreatment technology allows the extraction of a more

accessible fraction to obtain value-added products such as phenolic compounds, lactic

acid, xylitol, bioadsorbents, and oligosaccharides (Table 16.2). The extraction of pheno-

lic compounds is the main issue of most addressed of the works in literature with this kind

of residues due to their interesting biological activities as an antioxidant compound [40].

2.3 Brewery Wastes
The European Union is the second-largest beer producer in the world with a production

of 383 million hectoliters per year in 2014 [47]. Brewing industry presents singular

features in each state member with about 6,500 breweries placed in the United Kingdom,

Germany, and France. Fig. 16.4 shows the beer production process and the generation of

residues. Beer production process differs from brewery to brewery and according to beer

types, brewery equipment, and national legislation. Nevertheless, the process involves

the following main stages: malting, mashing, lautering, boiling, fermenting, condition-

ing, filtering, and bottling (Fig. 16.4).

Several rawmaterials are necessary in the production process of beer, including barley

malt, adjuncts, hops, water, and yeast. In the brewing industry, a lot of organic waste

materials are generated such as spent grain, spent hops, and residual yeast (surplus yeast)

[48]. Moreover, wastewater can be considered a residue from brewing industry with

potential for bioenergy production as biodiesel and microbial fuel cells [49,50].
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Table 16.2 Valorization of residues from wine-making industry: pretreatment used and main product obtained
Raw material Pretreatment Fraction Value-added product Reference

Vine pruning Autohydrolysis treatment Hemicellulose Oligosaccharides [37]

Grape stalk and

grape pomace

Extraction with ethanol Cellulose and

hemicellulose

Dietary fiber [39]

Vine pruning Acid hydrolysis, alkali extraction Lignin Phenolic acids [40]

Vine pruning Alkaline pretreatment, enzymatic

hydrolysis

Cellulose Glucose [41]

Grape pomace Extraction with methanol Extractives Phenolic-rich extract [42]

Vine pruning Acid hydrolysis Cellulose and lignin Bioadsorbent [43]

Vine pruning Acid hydrolysis, fermentation Hemicellulose Xylitol and lactic acid [44]

Grape skin from

grape pomace

Extraction with hexane and water, acid

hydrolysis, and fermentation

Cellulose

Extractives

containing soluble

sugars

Biocomposites

Ethanol

[45]

Grape pomace Acid hydrolysis, fermentation Hemicellulose Lactic acid and

intracellular

biosurfactants

[46]
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Brewer’s spent grain (solid fraction of barley malt) is the most studied and revalorized

residue from beer processing due to its high carbohydrate content (up to 50%) and

protein (up to 30%) [51]. This residue is usually used for animal feed. Table 16.3 presents

research works of spent grain valorization through pretreatment fractionation and con-

version to a desirable product.

Another interesting residue generated in beer processing is the spent hops. Its com-

position includes fibers (composed by chains of rhamnose, arabinose, mannose, galactose,

xylose, and glucose), nitrogen-free extract, and proteins [48]. Usually, spent hops are used

as soil fertilizer due to high nitrogen content. Other high-value-added compounds can be

potentially obtained from spent hops (such as flavors, saccharides, and organic acids by

oxidation or hydrolysis) [48]. Moreover, spent brewer’s yeast is obtained in the end of

the fermentation process. Yeast waste is mainly used as protein source in animal feed.

Barley malt

Milling

Mashing

Filtration

Boiling

Cooling

Fermentation

Filtration

Packing

Spent grains

Spent hops

Spent yeast

Residues

Fig. 16.4 Main stages of beer making and residues generated.
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Nevertheless, some works reported the potential of yeast residue as bioadsorbent for the

metal adsorption in wastewater [60]. Table 16.3 also shows some works in which yeast

cells are disrupted by mechanical or chemical pretreatment to break down its cellular

structure to recover value-added products such as β-glucan used to improve health

and immune systems of humans and animals [52].

2.4 Residues From the Dairy Industry
The dairy industry represents one of the main economic sectors in Europe. The European

dairy industry contributes 14% to the overall EU agricultural income. A large number of

companies (more than 80% industries of the dairy sector) are small andmid-size companies.

[61]. During the processing of milk for the elaboration of dairy products (such as yogurt,

cheese, buttermilk, butter, milk, and creams), several by-products are generated. Whey is

one of these by-products, obtained after cheese production or in the elimination of fat and

casein from milk. Cheese whey retains most of the milk lactose. Apart from lactose

(39–60kg/m3), cheese effluents also contain proteins (1.4–33.5kg/m3) and fats

Table 16.3 Valorization of brewery wastes: pretreatment used and main product obtained

Raw material Pretreatment Fraction
Value-added
product Reference

Brewer’s spent grain Sequential water

and alkali

extractions

Hemicellulose Arabinoxylan [51]

Spent brewer’s yeast Alkaline treatment Yeast cell walls β-glucan [52]

Brewer’s spent grain Steam explosion,

enzymatic

saccharification

Cellulose Glucose [53]

Brewer’s spent grain CO2 supercritical

extraction

Phenolic

compound

and flavonoids

[54]

Spent yeast

Brewer’s spent grain

Enzymatic

hydrolysis

Phenolic

compounds

[55]

Brewer’s spent grain Autohydrolysis

treatment

Cellulose Lactic acid [56]

Brewery yeast waste Aqueous two-

phase system

Intracellular Invertase

recovery

[57]

Brewer’s spent grains Fungal

consolidated

bioprocessing

Cellulose Bioethanol [58]

Brewer’s spent grain Autohydrolysis,

enzymatic

saccharification

Cellulose Glucose [59]
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(0.99–10.58kg/m3), mineral salts (0.46%–10%), calcium salts, lactic acid, citric acid, urea,

and others [62]. Last 50 years, cheese whey has been wasted in the soil, which causes envi-

ronmental damages due to high protein content.

Cheese whey wastewater is also produced in large quantities. In fact, 9kg of cheese

whey and 2.3L of cheese whey wastewater per kg of cheese are generated [63,64].

Currently, technology has advanced to use cheese whey in the market as a functional

ingredient in foods and as a nutrient in dietetic foods. Cheese whey is composed of

value-added components such as protein, minerals, and sugars (mainly lactose).

The separation methods used to recover and separate these value-added com-

pounds are membrane technology, crystallization, and chromatographic process.

[65]. The protein-rich fraction is usually isolated, denominated commonly by whey

protein concentrate (WPC), since it has several applications in the food industry. The

WPC can be fractionated for the isolation of specific peptides or used directly as a

whole [66]. The proteins from milk have been used in the production of functional

foods or pharmaceutical formulations [4]. A high-volume and high-pollutant stream

mainly composed by lactose remains after protein removal. This lactose stream may be

used to produce bioethanol [67] and to produce simultaneously β-galactosidase and

bioethanol by engineered yeast strains [68] or lactose-derived nutraceuticals (such

as lactulose, lactosucrose, lactitol, lactobionic acid, gluconic acid, lactone, and taga-

tose) [69,70]. Also, lactose and its derivatives are used in the food and confectionery

industry as an additive that prolongs storage life, increasing the weight of products

(filler) without altering the flavor, etc., and in the pharmaceutical industry as an excip-

ient. Cheese whey is also used in nonfood applications such as protein-based films and

biomaterials [4]. Table 16.4 includes some of the most recent studies of dairy residue

valorization.

Table 16.4 Valorization of cheese whey: pretreatment used and main product obtained

Raw material Pretreatment Fraction
Value-added
product Reference

Cheese whey Ultrafiltration

technology

Whey Protein and sugars [65]

Cheese whey Enzymatic process

Chemical process

Lactose Lactulose [70]

Cheese whey Fermentation Lactose Ethanol [71]

Cheese whey Fermentation Lactose β-galactosidase [72]

Cheese whey Alcalase hydrolysis,

fermentation

Lactose, protein Hyaluronic acid [73]

Cheese whey Membrane filtration

technology

Whey Whey proteins [74]
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3. CONCLUSIONS AND PERSPECTIVES

This chapter describes some of the main industrial processes in Southwestern Europe,

identifying the residues generated (viz., pulp and paper residues, brewer’s residues, dairy

residues, and wine-making wastes). As the general trend, these residues are used as a

whole for biofuel production (such as biogas), as a lower investment is required in this

process when compared with the fractionated use. Nevertheless, the valorization of frac-

tions that resulted from biomass processing allows the production of several products, in

an analogy to the petroleum refinery, which contributes to sustainable growth based on

renewable energy sources. On the other hand, structure and chemical composition of

these residues determine the selection of the fractionation process to be used and are

the main keys to an efficient fractionation process and thus should be carefully

considered.

A large number of works in the literature show the possibility to obtain several prod-

ucts of industrial interest (as biofuels, biomaterials, and bioactive compounds) using envi-

ronmentally friendly technologies. Most of these pretreatments allow the attainment of

high yields of the final product. Nevertheless, most of these works describe the valori-

zation of only one fraction (such as cellulose to obtain glucose). Nowadays, an integral

valorization of all streams generated in the processes should be taken into account to

attain a feasible and sustainable process. This goal would be achieved by the combination

of several pretreatments obtaining a biorefinery based on a multistep processing. The

most promising combined pretreatment is the hydrothermal treatment followed by an

enzymatic hydrolysis of the solid fraction that allows the hemicellulose solubilization

(as oligosaccharides), the saccharification of cellulose into glucose, and the lignin recov-

ery at the end of the enzymatic hydrolysis. Alternatively, hydrothermal treatment fol-

lowed by a delignification treatment (such as organosol) shows interesting results on

enzymatic saccharification improvement of cellulose, oligosaccharide production in a

separated stream, and sulfur-free lignin recovery with interesting features. This chapter

shows the potential use of residue fractions for value-added compound production and

the required treatment. Nevertheless, most of these processes are not large-scale devel-

oped being a necessary high-initial investment.

Industries have the resources for the waste transformation and the know-how, being

possible to adapt their installations for the integral valorization of residue biomass. Still,

the seasonality of production and the heterogeneous composition of the residues are the

main obstacles implementing this approach. These challenges would be addressed from

an integrated perspective, taking into account the residue producers, the fractionated

process to produce more than one value-added product, the cost of processing, and

the product market. All together could contribute to attaining a sustainable economic

growth in regions of Southern Europe.
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Eucalyptus globulus autohydrolysis, J. Food Eng. 87 (2) (2008) 257–265.

[30] E. Conde, J. Hemming, A. Smeds, B.D. Reinoso, A. Moure, S. Willf€or, H. Domı́nguez,
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