Chapter 1 ®)
Circular Economy Based on Residue oo
Valorization

To meet the population’s demand for products and services, it is inevitable that
industry will interact with the environment during the search for inputs and outputs
in the production processes. With the globalization of the market, it is no longer
efficient or sustainable for companies to employ linear economic models in which
the fundamental idea is to extract raw material, transform it, and discard it at the end
of its life cycle [1].

For industries to adopt new models, fundamental concepts of the laws of nature
must be pursued; the natural cycle of materials is one of the foundations of the circular
economy. The expression circular economy has been used since the 1970s. Itis based
on the concept of an economy being restorative and regenerative with continuous
development based on natural preservation and reduction [2]. Circular economics
seeks to link business in the form of a network when, a material is no longer, it
can be reallocated within a company or may be shared with another organization or
segment that can take advantage of it and thereby generate revenue streams [3].

The development of the circular economy requires the adoption of systems that
tend to move away from the traditional modules of food production, energy, and
water use, seeking integrative adoption of practices that increase the conversion and
valuation of residues into products that add value. Furthermore, it seeks to reduce
the use of natural resources and wastes generated in agrobusiness, livestock farming,
and other industries [4].

The benefits of a circular production system are categorized as short term and
long term. In most cases, the advantages of modifying a production process are
more intense at the end; in the short term, these changes require social and cultural
transformations within organizations. Because this is a system based on the natural
cycle, enterprises that adopt it must internalize the fact that the regeneration of
resources such as water and energy requires time and space [5]. The values added
to the circular economy, in addition to sustainability, are based on environmental
quality, economic prosperity, and social equity, based on amenity values, economic
resources, sinks for residual flows and support for increasing life cycles; all these
bases are intertwined (Fig. 1.1) [6].
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Fig. 1.1 Summary of the context of circular economy with an emphasis on biomass valorization.
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Many efforts have been made globally. The AgroCycle European program has
sought to fully evaluate the capacity for recycling and valuation of agricultural waste
to create new sustainable chains, accounting for the economic outlook [7, 8]. World-
wide, main products are identified using the circular chain approach and are used to
valorize agro-industrial waste, mainly agriculture and livestock, for the production
of biofuels, biofertilizers, water recycling, and reusable steam [9—11]. Residues such
as lignocellulose derivatives and animal effluents are used for recovery of struvite,
phosphorus [12], and noble metals [13] as well as serving as substrates for highly
valued products [14, 15], including noble enzymes.

Throughout the last decade, the circular economy has become a doctrine for the
agricultural, livestock, and agro-industrial sectors, using minimum inputs into the
system to reduce costs and to close cycles of nutrients, water resources, and energy,
reducing negative impacts to the biome, such as the emission of greenhouse gases
and release of wastes. The circular economy will be more profitable with long-term
implementation. Reuse and water recycling stand out among economic, social, and
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environmental strategies. The use of steam is an example because it is a by-product
of several productive processes, permitting heat transfer and water recycling [16].

Reuse in agriculture and livestock is carried out in culture, animal supply, agro-
industrial supply, and rural populations and is adopted to reduce the demand for
drinking water. Water reuse is tied to its nutritional characteristics for fertilization
and ferti-irrigation purposes. It is necessary to consider that, in these forms of water
reuse, there is re-utilization of nutrients that augment growth and yield of crops
because the wastewater contains large quantities of organic matter. Another source
of recycling is bioenergy, using biogas and bioethanol, an emerging technology for
valorization and optimization of biomass and water resources. Nevertheless, it is
necessary to consider the need for control of bacterial, parasitic, and viral pathogens
and toxic substances, such as heavy metals [16, 17].

Worldwide, biogas is generated mainly from food debris, animal waste, and human
waste used for anaerobic digestion. Residues of livestock (poultry, cattle, and swine)
have high energy potential for biogas, as do wastes from the sugar and alcohol
industries, biodiesel production processes, dairy industry, citriculture, brewing, paper
industries and pulp, urban solid waste, sewage treatment, and urban cleaning [18,
19].

In the production of first-generation ethanol (1G), sugarcane, corn, beets, and other
cultivars are used. This practice has been widely debated, with a focus on environ-
mental and socioeconomic problems associated with production processes and the
need for exclusive cultivation of raw material affecting food demand, water security,
and biodiversity. Second-generation and third-generation (2G and 3G) bioethanol
focuses on the reuse of agricultural residues, such as, waste from the paper industry,
glycerol, and by-products of the food industry [20]. It should be noted that, within
the circular economy, ethanol production demands large amounts of water, requiring
a reduction of the water footprint. There is a demand for water recirculation in the
ethanol production chain and a constant emphasis on the reduction of freshwater use
and its replacement by seawater, by wastewater and use algal biomass from treatment
systems [21, 22].

It should be noted that the economic balance is essential for there to be interest and
investment in new technologies based on the circular economy. The global energy
appeal and cost—benefit pressures for such productions require efficient biotechno-
logical methods with business models that are plausible for companies and industries
in a company, business, or industry, focusing on reducing material flows and inter-
connected management [23].

The economic feasibility of reclaiming biomass lies precisely in the capacity to
reuse goods and services and the use of biodiversity, microorganism technology,
and recycled water resources. These processes are necessary to maintain environ-
mental health and safety. The circular economy becomes a model largely based on
ecosystems that produce energy, minimizing the impacts of waste [24].

In this sense, it is necessary to understand the biomass to be used with respect
to its nutritional, structural, and molecular composition. These characteristics are
essential to delineate the recycling of the biomass and the technology to be used, as
well as its energy value. Advanced analytical methods are employed for structural and
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non-structural characterization of biomasses to be evaluated, using chromatography,
mass spectrometry, electron microscopy, and X-ray diffraction (Chap. 2). Based on
the characteristics of the biomass, it is necessary to choose pretreatments essential for
the biomass to be bioavailable in conditions suitable for particular bioprocesses, such
as biofuel production based on microbial activities. Within the concept of circularity
and its economic aspects, it is emphasized that pretreatments (physical, chemical,
biological, or combined) require investment in time and energy; this is the crucial step
for the success of bioprocesses (Chap. 3). In addition, many inhibitory by-products
can be generated that are inherent to pretreatments and detoxification processes
(mainly employing enzymes) many of which are necessary to reduce inhibitory
impacts (Chap. 4).

From this perspective, this book presents worldwide tendencies of productive sec-
tors, focusing on agriculture, agroindustries, and livestock, in the ambit of economic
circularity, because food producers and nutritional sources demand a great deal of
natural resources, generating large amounts of waste that can be valorized by material
engineering and biotechnological studies.
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