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Abstract: There has been intense debate over the depletion of fossil fuel reserves in recent decades as
well as the greenhouse gas emissions that are causing climate change. At the same time, new legislation
in Greece, national policies, European policies, and realistic needs, need effective waste management
and the protection of national resources. As a result, it seems a necessity to exploit waste treatments,
while expanding the use of renewable energy sources. In this study, an attempt is made to focus
our interest and research on a specific biomass waste stream, namely the waste biomass from the
agricultural-livestock sector. The possibility of processing these wastes through the technology of
biomass biorefinery with anaerobic digestion as its central process will be studied. The technology of
anaerobic digestion is a process widely used for the treatment of agricultural residues and livestock
waste as well as for the exploitation of energy crops (energy development, soil enhancement) mainly
in countries in Europe and globally. This study reviews the biorefinery biomass technology, the energy
production technology, production of biofuels, and new materials from waste biomass at the behest
of the circular economy and bioeconomy. Additionally, this research will be an introduction in
maximizing the potential of the full utilization of agricultural and livestock waste, and the by-products
that can be produced from these processes.

Keywords: biogas; circular economy; bioeconomy; wastes; energy; R.E.S; biomass; anaerobic;
digestion; agriculture; livestock; Greece; biorefinery

1. Introduction

Effective energy output and reduced consumption have been our primary objectives in achieving
a secure global supply of energy. Today, many countries in Europe and around the world are
encouraging the use of renewable energy sources with assured return prices or carbon trading
schemes [1-4]. Biomass, which has great potential for exploitation, is a very important substrate for
the supply of renewable energy. Anaerobic digestion is used as an effective method for converting
biomass into energy [5].

Anaerobic digestion (AD) is a process of decomposing organic matter in an oxygen-free
environment through a microbial composition. It is a cycle found in many inhospitable natural
habitats such as aquifers, sediments, water-soluble soils, and in mammals’ intestines. It can also be

Energies 2020, 13, 4428; doi:10.3390/en13174428 www.mdpi.com/journal/energies


http://www.mdpi.com/journal/energies
http://www.mdpi.com
https://orcid.org/0000-0002-7533-6591
http://dx.doi.org/10.3390/en13174428
http://www.mdpi.com/journal/energies
https://www.mdpi.com/1996-1073/13/17/4428?type=check_update&version=2

Energies 2020, 13, 4428 2of 14

used on a wide variety of raw materials including industrial, agricultural, municipal, food wastes,
and bio-chemical wastes. Biogas is provided by the biodegradation of organic materials and the lack
of oxygen. In nature, it is the result of anaerobic fermentation of biodegradable materials and is a
form of biofuel [5]. Biogas technology is an option with major benefits, providing eco-friendly energy
and at the same time addressing the waste management crisis. An estimation of 1,000,000 tons of
waste will produce 1 MW of electrical energy (biogas) for around ten years annually [5]. Biogas is
derived primarily from the anaerobic digestion of animal waste (wastewater produced from pig farms,
dairy farms e.tc), industrial waste, wastewater, and municipal waste. Biogas is composed primarily
of methane and carbon dioxide, which can be used for generating heat and electricity, but also as an
internal combustion engine fuel [5]. Biogas production from a biological process was first recorded in
the United Kingdom in 1895 [6]. The method has since been developed and widely implemented for
the treatment of wastewater and also for the stabilization of sludges. The oil crisis of the 1970s brought
about new ideas of using alternative energy sources including anaerobic digestion (AD). Global efforts
have been made to displace fossil fuels for the production of energy and also to find environmentally
sustainable alternatives for the management and recycling of organic wastes. Some of AD’s most
significant applications today are treating agricultural substrates through biogas plants. The highest
percentage of installed agricultural biogas plants are in Europe, and especially in North America [5,7,8].

Initially, the National Renewable Energy Action Plan (NREAP) targets for Greece are presented,
showing that new installations of biomass projects are a necessity for Greece, and the country must
move quickly to achieve these targets. Then, the definitions of biomass, bioeconomy, and circular
economy are presented, focusing on the utilization of agricultural and livestock waste. The important
problem of waste biomass management is presented and examined through the investigation of
available technologies through the international literature. The central pillar in this work is the process
of anaerobic digestion.

This study essentially presents the operation of an anaerobic biorefinery where the anaerobic
digester is a central element for the biotransformation of raw materials into various intermediate and
high-end products. Biorefinery seems to be the optimal technology for the utilization of agricultural and
livestock waste, contributing to a triple benefit: (a) energy production; (b) environmental protection;
and (c) production of new materials/products. A flow diagram of these contributing processes is
shown schematically that can be used in the biogas plants and also in the biorefinery plant (laboratory,
pilot, large scale). Finally, the advantages of an installation of a biorefinery plant are presented, and the
benefits to the environment, the local community, and the country.

2. Renewable Energy Sources (RES) Production in Greece

The Greek power sector relies heavily on fossil fuels, the majority of which are imported.
Approximately 54 percent of its energy needs are met by petroleum products, compared to an EU level
average of 33.4 percent. In addition to being used in the transport sector, these petroleum products are
often converted into energy in significant quantities. The non-connected Greek Islands, in particular,
get their electricity primarily from expensive and inefficient diesel power stations. Nearly 61% of
Greece’s primary energy needs are met through imports with the remaining 39% covered by domestic
energy sources, mostly lignite 77 percent and RES 22 percent [9].

The EU criteria laid down in Directive 2009/28/EC (EEL 140/2009) (Promoting renewable energy
use and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC) provide that the
contribution of renewable energy sources (RES) to total final energy consumption for Greece by the
end of 2020 must be 18% [10,11].

As provided from Greek Law 3851/2010 [12], the national RES goals are set as follows:

a.  Contribution of the RES produced energy to the total final gross energy consumption in 2020: 20%.

b.  Contribution of the electrical energy of RESs to total electrical consumption: at least 40%.

c.  Contribution of the energy generated by RES for the heating and cooling energy consumption: at
least 20%.
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d. Contribution of electrical energy generated by RES to total consumption of electrical energy for
transportation: at least 10%.

Table 1 shows the RES electricity installed capacity per technology, and the National Renewable
Energy Action Plan targets for Greece.

Table 1. RES electricity installed capacity per technology (September 2017) [10].

Electricity Installed National Renewable National Renewable
Technology Capacity in September Energy Action Plan Energy Action Plan
2017 (MW) (NREAP) Target/2017 (MW)  (NREAP) Target/2020 (MW)
Wind plants 2451.00 5430.00 7500.00
Solar Photovoltaic
2604.00 1456.00 2200.00
systems
Small hydroplants 231 233 350
Large hydroplants 3173.00 3396.00 4300.00
Biomass-Biofuels 61 160 350
Concentrated solar
power (CSP) 0 140 250
Geothermal plants 0 20 120
Total 8520.00 10,835.00 15,070.00

Biomass, which has great potential for exploitation, is an important raw material for the supply of
renewable energy.

In Greece, only a few biomass energy projects have been developed, mainly for municipal solid
waste management. The installed biomass power capacity currently stands at 58 MW for a total of
12 individual projects [9], while the biomass target for Greece for the year 2020 is 350 MW.

3. Biomass

3.1. General

Biomass is the organic matter of waste and residues from agriculture, livestock sector, forestry,
and other industries including waste fisheries and the organic matter of industrial and municipal wastes.

Biomass, with proper treatment can be converted into fuel as well as energy. Below are briefly
presented the methods of biomass conversion, the products that are being produced, and the types and
applications of biofuels in Greece [5].

3.2. Biomass Conversion Methods

Biomass can be converted into energy and utilized products with the following conversion
methods. Table 2 shows these biomass conversion methods [13-15].

Table 2. Biomass conversion methods [13-15].

Conversion Methods

Chemical Conversion Methods Thermochemical Conversion Methods Biochemical Conversion Methods
1. Hydrolysis (acid, alkaline, self-hydrolysis) 1. Burning 1. Enzymatic hydrolysis
2. Ozonolysis 2. Gasification 2. Fermentation

3. Pyrolysis

N bic digesti
4 Liquidation 3. Anaerobic digestion

3. Meteorization

There is great interest from the international scientific community for further utilization of waste
biomass through new innovative methods of conversion. Processing of biomass, with the conversion
methods above-mentioned, can produce a number of products that have a high added value. Many of
these products are presented in Table 3 [15-22].
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Table 3. High added value products [15-22].

Products with High Value Added Value
Biofuels High Value Added Products

1.  Alcohols (xylitol, glycerol)
1.  Biodiesel mainly FAME (fatty acid methyl

esters) and RME (rapeseed methyl esters) 2. Organic acids (Citric, gluconic acid)
2. Alcohols (bioethanol, biomethanol) 3. Sweeteners (fructose)
3. Biogas 4. Vitamins (C, B12)
4. Syngas synthetic gas 5. Antibiotics (streptomycin, cephalosporins)
5. Hydrogen 6.  Proteins and amino acids

7.  Bio-fertilizers
6.  Solid fuels (briquettes/pellets)

8.  Bio-insect repellents

3.3. Applications of Biofuels in Greece

Biofuels have a variety of applications in Greece and globally. Their main applications in brief,
are presented as following [15-18]:

e  Heating of buildings from biomass combustion in individual/central boilers.

e  Energy production in agricultural industries.

e Energy production in wood industries.

e  Energy production in wastewater treatment plants (mainly from biological treatment of sludges)
and sanitary landfills (mainly from capture and combustion of gas).

e Liquid biofuels (e.g., biofuels for transportation).

4. Biomass, Bioeconomy, and Circular Economy

From the time of the Industrial Revolution onward, our planet has lived in a linear economy.
Our modern society is based mainly on the consumer model. This model is based on the following
process: “use of natural resources, produce, consume, dispose”. Natural resources provide inputs to
factories, which are then used to create goods and eventually, will be disposed of in the environment.
This linear model of economy of mass production and mass consumption is testing the natural limits
of the planet and threatens the stability of our future.

Today, we consume our natural resources faster than we can replace them. By 2030, if we continue
at the same pace, there will be a lack of natural resources [23]. At the same time, the global population
will grow, which will increase the demand for advanced industrial products.

A circular economy is the answer to the ambition for sustainable development, taking into account
the continuing concern about the ongoing reduction of environmental resources and the depletion
of the natural environment. The circular economy is a centered economic model based mainly on
reducing the resources used in the manufacturing process. A circular economy is also based on
stressing the use of renewable energy sources, the full treatment of agricultural and livestock waste,
the reuse of products and waste, and the generation of energy from waste. A circular economy is
the answer to sustainable development, taking into account the growing concerns regarding natural
resource constraints and environmental degradation.
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4.1. Preserving a Sustainable Model Should Be a Top Policy Priority

Environmental initiatives of the United Nations (UN) embody those concerns and recommend
effective measures to maximize the benefits of preserving a green planet. The Ellen MacArthur
Foundation is a famous organization founded in 2010 that has made major contributions to form
European policies for a sustainable environment. The organization stresses [24] that a viable circular
economy will help Europe revitalize its competitiveness by three percentage points per year. This would
offer a significant gain of up to 0.6 trillion EURO by 2030, increasing the gross domestic product (GDP)
by seven percentage points at the EU level compared to current growth.

4.2. Circular Economy and Waste

Research by the Ellen MacArthur Foundation focuses on planning based on circular economic
principles and is trying to help businesses turn a linear production line into a circular economy model
as circular economists cite waste as a useful commodity. The Ellen MacArthur Foundation [24] defines
and classifies waste into four different categories:

e Exhausted resources: materials and energy that cannot be constantly regenerated (e.g., fuel).

e Products with recurring life cycles: products that have an artificially short lifespan
(e.g., smartphones).

e  Products that become useless when their lifespan is ended, (e.g., cars that remain unused for 90%
of their lifespan).

e  Waste with built-in value: these are materials and energy that are not recovered from discarded
products and can be reused (e.g., non-reusable fabrics).

4.3. Biomass and Bioeconomy

The key aim of a bioeconomy is to manage various agricultural, industrial, and forestry activities
in a sustainable manner. Therefore, the main effort to ensure a successful transition to bioeconomics is
to achieve a sustainable design that combines sustainability and profitability. This is the big challenge
for bioeconomics for the next few decades. Science and technology play a key role in the transition to
sustainable bioeconomics.

Defining bioeconomics is a critical step. The concept of bioeconomics is to deal with the global
population growth, the depletion of resources, climate change, and other environmental concerns.
The concept itself is very basic. In fact, it is about satisfying the needs of the present generation without
undermining the potential of the next generation to fulfill their own needs.

In terms of bioeconomics, many international institutions, governments, and scientific communities
have put forward their own interpretations in terms of bioeconomics. The problem here is that
bioeconomics is a multidimensional concept and its meaning depends largely on who defines the term.
Economists, industrialists, economists, governments, scientists, and so on can use various concepts
of bioeconomy.

We present here the well-known definition (which is still widely accepted) regarding bioeconomics.
The bio-economy, according to the European Union, “includes the production and conversion of
renewable biological resources into food, feed, organic products and bioenergy. It also includes food,
forestry, agriculture, fisheries, pulp and paper production” [25].

4.4. Bioeconomics, Sustainability, and Agriculture

Agriculture is the foundation of any economic model. Agriculture is the key-role to the concept of
bioeconomics and has a privileged position in bioeconomics. As an economic model, bioeconomics
focuses primarily on meeting the food needs due to the human population growth. Agricultural
sustainability means meeting people’s needs for feed, food, crops, fuel, and energy, while at the same
time protecting and enhancing the quality of the environment and preserving natural resources for the
needs of future generations. The goal of a bioeconomy is very simple when compared with previous
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and existing economic systems, which is to use all available resources (water, land and energy) to feed
the human population growth.

4.5. Bioeconomy in Greece

Agricultural sector in Greece contributed with 27 billion euros in 2017, almost 4.1 percent to
gross domestic product (GDP) of Greece. Seventy percent of this contribution comes from agricultural
products, and the remaining 30 percent from animal products. In addition, there is a lot of unexploited
waste in the agricultural and livestock sector in Greece. Through research [26], the annual waste
generation in Greece from the agricultural and livestock sector has been calculated to be around
57,983,751 tn/y. A total of 53 percent of these wastes comes from the agricultural sector and 47 percent
from the livestock sector.

5. Biogas Plant from Anaerobic Digestion of Agricultural and Livestock Wastes

Biogas production technology from waste biomass is an effective solution with many major
advantages. Biogas delivers environmentally sustainable energy and also contributes to a
comprehensive and integrated treatment of agricultural and livestock waste, reducing pollution
discharge to the atmosphere by more than 55 per cent [5,7]. The production of biogas consists mainly
of carbon dioxide and methane. Anaerobic digestion is the decomposition of organic matter without
oxygen and is an effective method for converting biomass into energy. It can also be used on a
wide variety of raw materials including industrial, urban waste, agricultural, municipal, food waste,
and biochemical waste.

5.1. Agricultural and Livestock Waste Biomass

Biomass is the necessary raw material for the anaerobic digestion process. Agricultural waste
(such as residues from wheat, sorghum, rice, etc.), livestock wastes (such as animal manures, animal
bedding straw) and waste from the food industries are an abundant and often unlimited source of
biomass. The amount of methane produced from these materials is usually very high, although
pretreatment methods are usually required for maximum methanogenic efficiency [20].

5.2. Operation of a Biogas Plant

The following flowchart (Figure 1) shows how a biogas plant operates:

The process flow below examines the various steps taken at a biogas facility. Originally, the first
stage in the unit input is the collection and storage of raw materials for anaerobic digestion. This is
followed by the improvement of the substrate material, consisting of the stages of chopping, filtering,
preparation mixing, pasteurization, etc. for the following anaerobic digestion cycle. In the stage of
anaerobic digestion, the already formed substrate is led to primary (primary digestion) and then
secondary digesters (secondary digestion) to conduct and complete the anaerobic digestion cycle.
Biogas is derived from the anaerobic digestion process and is subjected to a series of treatments
(desulfurization, drying, etc.) to make it suitable for use. Finally, the processed biogas is burnt in
an ICE (internal combustion engine) unit for electrical and thermal energy production. The residue
from the anaerobic digestion process (digestate) is processed and then available for the fields as liquid
fertilizer (agriculture production). The general structure and technique of the biogas plant process is
intended for the digestion and anaerobic treatment of a complete mix of farms and residues such as
cow manure, pig manure (livestock production), and agricultural residues.

Through the scientific literature, a flowchart can be created that shows the processes that take
place in a biogas plant and how the energy is produced [5,7,8].
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Figure 1. Process flowchart of a typical biogas plant from agricultural and livestock production.
5.3. Digestate as a Fertilizer

Digestate, which originates from the anaerobic digestion of agricultural and livestock organic
waste, contains nutrients such as phosphorus, nitrogen, and potassium that may be beneficial as
fertilizer for application to soil [27,28]. Therefore, the ammonia in the digested product may differ
according to the substrate.

Parameters such as salinity, pH, heavy metals, and nutrients in digested products are important
chemical properties to consider. The common residual pH is on a scale of 6.7 to 8.4 [29,30] and is
generally slightly alkaline due to the degradation in the production of volatile fatty acids (VFA) and
ammonia during the anaerobic digestion process.

5.4. Advantages of a Biogas Plant

A major advantage of biogas plants is that these systems can be easily extended with the installation
of modern internal combustion engines (ICE) and can be easily transported without much difficulty
or modification.

Additionally, a significant advantage of this technology is that the lifespan of these plants can
exceed 25 years with low maintenance and operating costs.

Furthermore, these systems are ideal for central and distributed energy production as they can
make a major contribution to the ‘distributed power generation’ of the area that they are being installed.

Biogas plants offer diversification of energy output provided by internal combustion engines and
can create conditions for economic growth in the area that they are being installed.

Finally, the anaerobic digestion of agricultural and livestock waste in biogas plants has significant
environmental and agricultural benefits such as [31]:

Low emissions of greenhouse gases (CO,, CHy).
Cost savings by the farmer.
Improved soil fertility.

a0 o

Economic and ecological recycling of waste and wastewater.
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e. Reduced discomfort related to odor removal and insects (e.g., bugs, mosquitoes).
f.  Reduction of pathogens in the digestate.

In addition, and in terms of fertility production, the environmental benefits of applying anaerobic
digestion technologies to both agricultural and livestock waste are shown below.

a. Advantages for Farmers [5,7]:

e Improving the quality of organic fertilizers/reducing inorganic fertilizers.
e  Reduction of phytotoxic substances and odors.

e  Reduction of weeds, etc.

e  Stabilization and improvement of soil fertility.

b.  Advantages for Local Community [5,7]:

e Reducing pollutants and odors.

e Positive effect on the protection of water resources.

e  Positive effect on climate protection.

e  Compared to other fuels, biogas shows positive behavior.

5.5. Biogas Potential in Greece

In Greece, in most cases, the local authorities and the regional and national bodies are responsible
for policy-making, but also for the collection, treatment, and final disposal of municipal waste. In these
cases, the availability of waste is stable (with the exception of small seasonal fluctuations due to
tourism). In contrast, the management of agricultural-livestock waste is a major problem that needs to
be solved due to the high potential, but also because of its spatial dispersion throughout the country.
In some cases, there is a lack of knowledge about the potential of waste and the method of treatment of
these wastes [32].

In areas such as Greece, the seasonal production of waste (e.g., waste from fruits, potato processing,
etc.) is an important factor for the successful implementation of a biogas project. Biogas can be
produced from almost all organic wastes. Today in Europe, there are relatively limited volumes of
biogas coming from wastewater plants, sanitary landfills, and industrial facilities. The large volume of
biogas in 2030 is projected to be produced from large central combustion plants, livestock facilities,
and food processing industries [32].

In Greece, biogas is produced mainly from wastewater plants, sanitary landfills, and industrial
facilities. According to estimates of the Center for Renewable Energy Sources and Saving of Greece
(CRES) based on conservative scenarios, it is estimated that anaerobic digestion from only livestock
waste could supply cogeneration biogas units with a total capacity of 350 MW of installed power [32].

6. Biorefinery
6.1. Definition of Biorefinery
There are many different definitions that explain the term “biorefinery”. Some examples are:

e A biorefinery is an installation that incorporates biomass conversion processes and equipment.

e A biorefinery produces fuels, energy, and high-added value chemicals. The concept is similar to
that of an oil refinery, which produces multiple fuels and petroleum products [33].

e  Abiorefinery is a complex of industries based on organic raw materials and produce chemicals,
fuels, energy, and other products and materials [34].

e  Abiorefinery is a promising plant, where biomass is converted to a range of valuable products [35].

e  Abiorefinery is the integrated bio-industry that uses various technologies to produce chemicals,
biofuels, food, biomaterials (including fiber), and electricity [36].
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e A biorefinery is a comprehensive bio-industry complex, using various technologies for the
production of chemicals, food ingredients, biofuels, and biomass energy [37].

6.2. Biocellulose Biorefinery Biomass Plants, the Future of the Chemical Industry

An essential component of society is the sustainable development of the energy and chemical
industries. Chemical and energy industries, however, are heavily dependent on non-renewable
resources like 0il, coal, and natural gas. The shortages of raw materials and the effects of climate
change pose a great threat to any type of sustainable development.

At this point, lignocellulosic biomass is one of the most abundant renewable raw material.
A lignocellulosic biorefinery (lignocellulosic feedstock biorefinery) is a promising model for the full
utilization of lignocellulosic biomass, with a major role in the development of the energy and chemical
industries [20].

Lignocellulosic biomass is a suitable raw material for the chemical and energy industries and is
extremely necessary for the sustainable development of the energy and chemical industries. This choice
is always influenced by many factors such as the availability of raw materials, the technical/technological
level required, various economic criteria, and environmental and ecological implications.

6.3. Flowchart of Biorefinery Plant

Through the scientific literature [38-42], a flowchart (Figure 2) was created that shows the processes
that take place in a biorefinery plant and also the energy, intermediate products, and high value
products that are produced.

Ethanol But

Biological
Processes

Praduction
ofthemal
energy

Producto Production | [ Productio
nof ofthermal nof

electricity Energy. Electricity

—{ M"”’i‘a | clectriciyy

Thermachemi
cal rocesses

A

Biogas

Anaerobic T
iesin
(AD)
icultural
stes
Digestate Taud] Soid
aproese
( Caption w
Processes (Biological, Biofuels (gas, Intermediate "
L - Chemical, Pm;\m:,() | liquicl) Products High-Value Products

Figure 2. Process flowchart of a biorefinery plant [39-43].
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6.4. Energy, Biofuels, and High Value Products

Figure 2 shows the processes that take place inside a biorefinery plant, with anaerobic digestion as
its central process. Table 4 shows the incoming agricultural and livestock waste and the intermediate
products, biofuels, and high value products that can be produced through the treatment of these
wastes [38—42].

Table 4. Waste, intermediate products, biofuels, and high value products in a biorefinery [38—42].

Type (Waste/Intermediate

Description Products/Biofuels/High Value Products)
Incoming livestock waste Waste
Incoming agricultural waste Waste
Biogas produced by anaerobic digestion Biofuel
Electr.1c1ty generation from combined production of High Value Product
electric power and heat
Thermal. energy production from combined production High Value Product
of electric power and heat
Electr.1c1ty generation from comblned production of High Value Product
electric power and heat from biogas upgrade
Thermall energy production from .combmed production High Value Product
of electric power and heat from biogas upgrade
Ethanol Biofuel
Butanol Biofuel
Acetate High Value Product
Liquid digestate Intermediate Product
Solid digestate Intermediate Product
Prodgctlon of electricity from Cqmblped production of High Value Product
electric power and heat from microbial fuel cells
(NHy4),SOy fertilizer High Value Product
Struvite-Fertilizer High Value Product
Proteins High Value Product
Lipids High Value Product
Animal feed-amino acids High Value Product
Glycerol High Value Product
Biodiesel Biofuel
Sugars Intermediate Product
Propionic acid High Value Product
Lactic acid High Value Product
Succinic acid High Value Product
Diols High Value Product
Ethanol from solid digestion Biofuel
Lignin Intermediate Product
Carbon fiber High Value Product
Biopolymers High Value Product
Electricity from thermochemical treatment of lignin High Value Product
Thermal Energy from thermochemical treatment of lignin High Value Product
Bio oil High Value Product
Bio-char High Value Product
Compost High Value Product

7. Conclusions

This research aims to study, investigate, and evaluate the feasibility of the full utilization of organic
waste, particularly waste from agricultural and livestock units. In this work, we showed that the
implementation of biorefinery has several great benefits as it provides environmental-friendly energy
and, at same time, exploits energy efficiency and contributes to the comprehensive and holistic waste
management of livestock and agricultural wastes.
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Additionally, this study is an introduction to an anaerobic biorefinery as promising technology
where anaerobic digestion serves as a hub for the conversion of waste to energy, intermediate products,
and many high value products.

The installation of a biorefinery plant in a region where agricultural and livestock wastes are
produced will have the following benefits:

a. A high biomass capacity that can be extracted from agricultural waste will lead to a triple benefit:
(a) energy production, (b) production of high-value products, and (c) environmental protection.

b.  The development of a central biorefinery plant from livestock and agricultural wastes will help to
centralize organic waste management and protect vulnerable habitats in a broader region [21].

c.  Theoperation of a biorefinery plant will contribute to Greece’s target goals for RES installations [10].
The anaerobic digestion process is extremely beneficial for organic farming, particularly for soils
that require nutrients. The organic matter in the digested soil can create humus in the soil and
this is a unique advantage for low-carbon content soils [5,7,29].

e. It will improve the energy autonomy and energy security of the wider installation area by
improving the flexibility of Greece’s energy network, and with the result of leading to the
self-sufficiency of electricity imports during peak times [10].

f. It will help to centralize the treatment of organic waste and to protect fragile habitats in the
installation region [8,9].

g. Large amounts of nitrogen, ammonia, hydrogen sulfide, oxides, and volatile compounds will not
be emitted into the air [43].

h. Large amounts of methane will not be released into the atmosphere, which is the main greenhouse
gas that induces climate change [43].

i.  Chemical fertilizers that cause ongoing regional soil, surface water, and underground water
pressures will be replaced with organic fertilizer from biorefineries at the behest of the circular
economy [44—46].

j. This will lead to an increase in the productivity of agricultural products as organic fertilizers will
improve annual production quantitatively and qualitatively [44—46].

k. It will help create new jobs [5].

l. It will effectively deal with and eliminate the waste produced [5,7,8].

m. It will be a central lever of research and innovation with an emphasis on environmental protection
technologies [5].

It will be a model of sustainable development, bioeconomy, and circular economy [24].

o. It will provide significant economic benefits to the local community [5,7,8].

In this work, a biorefinery plant has a special position as one of the largest facilities for the
processing of biomass into high value products in the circular economy. This design presents a dynamic
culture of innovation, where new materials that have significantly higher value or energy content than
biogas or the digestate material can be produced.
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