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This work is part of the project
“Fomento de Empresas Disruptivas de
Alto Valor Añadido” (“Promotion of
disruptive industries of high valueadded”) of the Centro Tecnológico de
la Energía y el Medio Ambiente,
CETENMA, thanks to grants from the
Directorate General for Innovation.
The main objective of this project is to
promote the creation of companies
through entrepreneurial discovery,
understood as the identification of
new technological and market

opportunities, through collaboration
with companies and entrepreneurs
operating preferably in the fields of
energy, water, waste and biotechnology.
This document is a summary of the
main
report
"Technological
opportunities
related
to
the
development of advanced biomaterials
from organic waste".
The report is available on the CETENMA
website (www.cetenma.es).

1. INTRODUCTION
Estimates indicate that the world
population will grow beyond 9.5
billion people in the next 3 decades,
resulting in the need for increased
food production and, consequently,
an increase in the generation of
biodegradable waste. This estimate
envisages an increase in waste
generation of about 60% by 2050.
This
brings
with
it
serious
environmental
threats,
the
management of which is essential to
maintain today's lifestyle. The type of
waste generated by the agroindustrial sector can be solid (e.g.,
lignocellulosic) or liquid effluents (e.g.,
whey). Figure 1 shows examples of
this type of raw material, which can
be valorised.

Figure 1. Example of various sources and raw materials that
can be valorised. can be valorised. Source: Senthil Kumar &
Yaashikaa (2020)
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A huge of the agro-industrial waste
consists
mainly
of
cellulose,
hemicellulose and lignin, which have
the potential to be used in the
production of biogas, bioethanol and
other
commercially
interesting
products, as will be explained below.
Another very interesting source,
especially for the Region of Murcia, is
citrus
peel:
rich
in
bioactive
compounds, carotenoids and pectin.
This material can also be used as
biosorbents, mosquito fumigants and
essential oils. Also of interest is whey,
which has an important potential. On
average, about 9 litres of whey can be
obtained per kilogram of cheese
produced during cheese production.
Its composition is: 4.5-5% lactose, 0.60.8% protein, 0.4-0.5% lipids and
various minerals (% m/v),

the rest being water. All this makes it a
very good candidate as a fermentation
medium for micro-organisms that can
produce
various
compounds
of
industrial interest.

Therefore, in general terms, all waste
from agro-industry can be transformed
into high value-added components.
This is the concept of biomass
valorisation, as these are processes that
use organic waste to obtain compounds
such as chemicals and fuels. This is
directly related to waste management
and is of great importance due to the
rapid depletion of natural resources.
Figure 2 presents examples of various
processes for obtaining bioproducts.

Figure 2. Processes for obtaining high value-added products from agricultural residues. Source: Hiloidhari et al. (2020).

6

It is precisely in this context, where
organic waste can be valorised into
high value-added products, that the
concept of biorefinery arises. A
biorefinery therefore shares the same
definition
as
its
traditional
counterpart, but in which the raw
material is not oil but the organic
waste previously mentioned. At this
point it is important to introduce
another very interesting concept that
could be considered a sub-categories
of the biorefinery: the electrorefinery.
Here, gaseous materials such as
carbon

To address the enormous potential of
the biorefinery, a paper entitled
"Technological opportunities related to
the
development
of
advanced
biomaterials from organic waste" has
been developed. The paper presents
various
types
of
biomaterials/bioproducts
to
be
obtained together with examples of
waste and their management to
produce them, which depends on the
composition of the feedstock.

2. WHAT IS THE IMPORTANCE OF THE
BIOREFINERY?
Some of the opportunities that
biorefining presents have already
been shown at this point. But, in
addition to those already mentioned,
biotechnology has a strong potential
to generate new growth, stimulate
innovation, increase productivity and
address the environmental and
climate challenges that society will
face in the medium term.

This, in turn, will have a very positive
impact on society. Therefore, the whole
field of industrial biotechnology is an
opportunity as research, development
and
innovation
can
generate
biochemicals,
biofuels,
bioenergy,
bioplastics and other biomaterials,
biolubricants, biosurfactants... of great
value in the short term.
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3. WHAT SUPPORT DOES IT GET
FROM THE AUTHORITIES?
The European Union aims for a more
responsible and sustainable use of
resources and the recovery of waste;
Objective? Low carbon and
environmentally friendly growth.
Thus, the European Community
identified biotechnology as one of the
Key Enabling Technologies (KETs).
Therefore, it set up programmes (e.g.,
Horizon 2020), established publicprivate partnerships or promoted
specialisation strategies in the
context of the European Structural
Investment Funds (ESIF).

It also launched European Innovation
Partnerships
(EIPs)
within
the
framework of the innovation agenda to
accelerate market uptake.
Examples of bio-products developed
under these mechanisms (developed in
funded projects) are: (i) 1,4-butadiol
(building block), (ii) disposable utensils
produced from compressed wheat
bran, and (iii) a bag made from wood
fibre and wrapping material that can
replace plastic bags and wrapping.

4. WHAT IS THE CURRENT SITUATION
OF THE BIOREFINERY?
In 2012, the European Community
launched its bioeconomy strategy,
defined as the production of
renewable biological resources and
the conversion of these resources and
waste into value-added products. This
strategy allowed the turnover of the
bioeconomy in the European Union to
increase by almost 10% between
2008 and 2016; from 2.09B€ to
2.29B€ and employed 18.6 million
people (Piotrowski et al., 2019).
In this sense, the biorefinery becomes
a key element in this strategy.

Its
definition,
according
to
the
International Energy Agency is: “an
integrated production plant that uses
biomass as feedstock to produce valueadded compounds”.
In 2017, there were a total of 224
commercial biorefineries in Europe
(Figure 3), of which almost 81% were
first generation and the rest second
generation
(Bio-Based
Industries
Consortium, 2017; Hassan et al., 2019).
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A fundamental question to be
answered here is, what is the
difference between the two types of
biorefinery?
First-generation
biorefineries use food crops as
feedstocks to obtain sugars, starch,
oils and fats, transforming them
mainly
into
biofuels
and
oleochemicals. On the other hand,
second-generation plants, unlike firstgeneration plants, use bio-waste and
non-food and non-energy crops as
feedstocks to produce biofuels,
electricity, heat, biochemicals and
biomaterials.
By type of biorefinery, oil/fat-based
ones producing mainly biodiesel were
28.6% (64); for oleochemicals 24.1%
(54); another 28.1% (63) for those
obtaining sugar/starch-based biobased products; 11.1% (25) were woodbased biorefineries producing pulp,
resin oil, specialty cellulose or
bioethanol; only 2’3% (5) of the
biorefineries produce cellulosic fibre
or
bioethanol
from
other
lignocellulosic feedstock such as
wheat straw or Miscanthus; and
finally 5’8% (13) produced bioethanol
or biodiesel from biowaste (including
food waste).
Due to this fundamental difference,
the European Union developed a
directive (Directive 2015/1513) that set
a target of a maximum of 7% biofuels
from cereals, starch,

sugars and oilseed crops by 2020. In
addition to this measure, in 2018 the
European Parliament limited support
for the production of biofuels from food
crops; Its aim? To gradually reduce their
production to below 4% by 2030.
Lignocellulosic
waste,
the
most
abundant biodegradable feedstock on
Earth, is also being encouraged. More
information on this type of biorefinery
can be found in the main document:
"Technological opportunities related to
the
development
of
advanced
biomaterials from organic waste".

Figure 3 - Biorefineries in Europe. Waste: biowaste (green),
lignocellulosic other than wood (grey), wood waste (black),
sugar and starches (blue), oil and fats for chemicals (orange),
and oil and fats for biodiesel (yellow). Source: Bio-Based
Industries Consortium (2017).
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5. WHAT IS THE STATE OF THE
MARKET AND PRODUCTS?
As mentioned at the beginning of the
report, biomaterials are those natural
or synthetic materials that can be
implanted into living organisms such
as heart valves and prostheses.
The market for biomaterials in 2019
was worth 105.2B$ and is expected to
increase by 96% by 2024, reaching
206.6 B$ at a compound annual
growth rate (CARG) of 14.5% over this
period (M&M, 2020). This growth is due
to the increasing demand for medical
implants
and
incidence
of
cardiovascular diseases, with emerging
markets such as China and India,
which are also the most populous on
the planet, being an important niche
for these products.
By material type, polymers will show
the strongest growth. Antimicrobial
polymers are replacing other materials
such as metals, ceramics and alloys
due to their superior physico-chemical
properties,
non-toxic,
noncarcinogenic, non-immunogenic and
excellent biocompatibility. They are
used for a wide range of applications,
including drug delivery systems,
diagnostic supports and as a useful
material for tissue engineering.
In addition, polymeric materials are
used to manufacture heart valves,
vascular grafts, artificial hearts, breast
prostheses, contact lenses, intraocular
lenses,
extracorporeal
respirator
accessories,
dialysis
and
plasmapheresis systems,

coating
materials
for
medical
products, surgical materials and
tissue adhesives.
By application, plastic surgery will
lead the biomaterials market during
the aforementioned period. This is
due to an increasing geriatric
population,
improved
(positive)
public perception towards cosmetic
surgeries and technological advances.
According to the American Society of
Plastic Surgeons (ASPS), 17.7 million
minimally invasive cosmetic and
surgical procedures were performed
in 2018 in this country alone (M&M,
2020). But this is not just for body
'touch-ups' but also for implanting,
reconstructing,
repairing
and
covering soft tissue wounds and
burns, among other uses, in a natural
and safe way.
On the other hand, there is the socalled white biotechnology, which
uses living cells to synthesise
products that are easily degradable,
require less energy and generate less
waste
during
production.
The
advantages of biotechnology are
therefore
clear:
environmental
friendliness,
efficient
production
methods, new raw material chains,
reduced manufacturing costs and less
consumption
of
raw
materials.
Biochemicals (such as butanediols
and organic acids), biofuels (obtained
from saccharides and starches) and
biomaterials (such as
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butanediols
and
organic
acids),
biofuels (obtained from saccharides
and starches) and biomaterials (such
as biopolymers and bioplastics) had a
global market of just under 208B$ in
2019 and is estimated to be close to
300 B$ by 2027 (an increase of 44%)
with a CARG of 4.7%. Among all the
segments encompassed by white
biotechnology, biofuels were the

dominant one with almost 35% of the
total in terms of value in 2019
(Pharmiweb, 2020). However, other
estimates indicate that the market
will be almost 577 B$ in 2026 at a
CARG of 9% (Reports and Data, 2019).
In the following, some specific cases
of the trend and market for some
bioproduct families will be presented.

A. BIOPLASTICS
In 2019, there was a global production
of 2.11 million tonnes of bioplastics,
estimating that their global market
could reach a value of $35.5 billion by
2022. In addition, technology centres
are directing their activities towards
industrial scalability for their production

and contributing to the circular
economy in a decisive way. Therefore,
bioplastics production has a very
promising future. Figure 4 presents
the different types of bioplastics and
the shares of each type in 2019.

Figure 4 - Share of different bioplastics in global production in 2019. PBAT (Polybutylene adipate terephthalate), PBS
(Polybutylene succinate), PLA (Polylactic acid), PHA (Polyhydroxyalkanoate), PE (Polyethylene), PET (Polyethylene
terephthalate),
PA (Polyamide), PP (Polypropylene), PTT (Polytrimethylene terephthalate).
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B. BIOFERTILISERS
According to the EUBIA (European
Biomass Industry Association), there are
11 million tonnes of nitrogen from
organic matter in the European
Community. This, together with the fact
that GHG emissions can be reduced by
up to 6 kg CO2-eq per kilo of mineral
nitrogen replaced by nitrogen from
organic matter, shows the great
potential of this product in the fight
against climate change and the move
towards a circular economy. Its market
size and the growth prospects of
biofertilisers.

According to EUBIA, the biofertiliser
market is expected to grow by 14’1% to
more than $2.3 billion by 2022. This, on
the one hand, is mainly due to the
increase in demand for fertiliser caused
by the need to produce more food due
to the growing world population. On
the other hand, it is due to the
development
of
new
biofertiliser
technologies and the rising price of
chemical fertilisers.

C. BIOCHEMICALS
Major
applications
of
bio-based
chemicals include pharmaceuticals,
paint dispersion, adhesives and sealants,
paints and coatings, personal care,
detergents and cleaners, packaging,
agriculture, and food and beverages.
According to Globe Newswire (2019),
the market for these biopro- ducts will
reach 97.200M$ by 2023, at a CAGR of
10.5% between 2018 and 2023. Among
the
different
bioproducts,
their
application in food and beverages
accounted for around 26% of the total
bioproducts in 2018 with a value of
almost 15.500 M$. By type, the
bioproducts market is segmented into
bioalcohols, biolubricants, biodisolvents,
bio-based acids, bio-surfactants, and
others. According to the same source
(Globe Newswire, 2019), the bioalcohols
segment held a

share of close to 41.7% of the market
revenue in 2018 owing to its extensive
use in water treatment and industrial
applications. It may register a CAGR of
9.89% from 2018 to 2023 owing to high
demand for these chemicals in
cosmetics,
personal
care,
pharmaceuticals, and food & beverages
industries.
Within this group of bioproducts,
biosurfactants could be mentioned due
to environmental regulations affecting
their market.
Surfactants
(tensioactives)
are
substances that influence the contact
surface between water and other nonsoluble substances.
They are used as basic ingredients in
cleaning products (detergents, soaps,
etc.) and as additives in different
industrial processes.
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The market for biosurfactants, it is
expected to increase to 5% and to reach
18 billion € by 2025.
Thus, its potential market growth is also
due
to
increasing
environmental
regulations imposed by governments
around the world against the use of
chemicals in detergents due to their
adverse impact on the environment
when disposed of in water. On the other
hand, it is also interesting to comment
on the market by region.

Therefore, Europe accounted for 33.75%
of the biochemicals market in 2018 and
whose value was 19.9 billion $,
expecting it to register a CAGR of
10.85% through 2023.
Within Europe, Germany was the largest
market in 2018 (CAGR of 12.34% for the
same period). The next region was AsiaPacific with an expected CAGR of
11.32%, with China and India being the
most important markets (CAGR of 12.6%
and 11.4%, respectively).
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6. WHAT OPPORTUNITIES HAVE BEEN
IDENTIFIED?
This section shows several examples of
different categories relating to bioproducts that can be

obtained in biorefineries.

A. BIOPLASTICS
The
European
Community
has
committed to 100% recycling of plastics
by 2025. However, a great deal of effort
is being invested in R&D&I to replace
traditional plastics with bioplastics,
which can be grouped into three
families: (i) from biomass without being
biodegradable (bio-PE and bio-PET), (ii)
from biomass and biodegradable (PLA,
polylactic acid; and PHA polyhydroxy
alkanoate), and (iii) from fossil sources
and biodegradable, such as PBAT
(Poly(Butylene
Adipate-coTerephthalate)) (European Bioplastics,
2018).
Figure 5 shows the relationship
biodegradability-source of origin for
different types of plastics.
There
are
different
sources
of
biodegradable waste for the production
of bioplastics. For example, bioplastics
can be obtained from the recovery of (i)
cereal residues; (ii) fruit residues, such as
peel; (iii) pulses; (iv) meat; (v) organic
fraction of municipal waste; (vi) paper;
(vii) dairy…

Of all of them, the recovery of citrus
peel, meat waste and the organic
fraction of municipal waste could be
highlighted as being of particular
interest for the Region of Murcia.
On the other hand, it is also interesting
to mention that they can be obtained
from mixtures of waste such as
wastewater, sewage sludge and organic
fraction of municipal solid waste. This
option is also very interesting for the
Region of Murcia.

Figure 5 - List of plastics according to their
biodegradability and source of origin
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B. BIOFERTILISERS
One opportunity for the future is the
production of biofertilisers, as they have
a series of significant advantages over
their traditional counterparts, such as
enriching the soil with nutrients and the
necessary micro-organisms, or without
the use of chemicals that are harmful to
the environment. However, there are
disadvantages such as lower nutrient
density or the need for different
machinery.
As in the previous case, biofertilisers can
be obtained from solid urban waste; a
very important source considering that
on average 200 kg are generated per
European inhabitant per year. As it
could not be otherwise, this option is
very interesting for the Region of
Murcia.
Another source from which biofertilisers
can be obtained is pig slurry. The pig
industry is deeply rooted in the Murcian
community and, therefore, it is also a
waste product to be taken into account
for valorisation in the Region.

Finally, it is interesting to mention
another source in which the Region of
Murcia could take the lead in obtaining
this type of bioproduct: wastewater,
which is also rich in nitrogen and
phosphorous. One treatment that can
be applied for their recovery is the use
of microalgae such as Chlorella vulgaris
or Scenedesmus obliquus, which can
assimilate close to 100% of both
nutrients (Santos & Pires, 2020).
Therefore, microalgae have enormous
potential
both
for
wastewater
restitution and for use as biofertilisers.
Although it is interesting to note that
the term wastewater refers to both
domestic
wastewater
and
liquid
effluents from, for example, the paper
industry,
sugar
refining,
dairy
manufacturing, etc. (Moreno García et
al., 2020), microalgae have enormous
potential
both
for
wastewater
restitution and for use as biofertilisers.
(Moreno García et al., 2020).

C. BIODETERGENTS
Biodetergents are those containing
enzymes that help degrade organic
matter such as fats and starchy
compounds. These compounds are
mainly the ones that make up laundry
stains. These compounds are expected
to grow in the coming years due to
advantages such as biodegradability,
reduced emissions and lower energy
consumption. And what could be the
residues from which to extract these
enzymes?

One of the compounds that is very
present in our lives is keratin, which is a
protein. Keratin is part of nails, hair,
hooves and feathers. It is precisely this
last source that is of interest when it
comes to obtaining the proteolytic
enzymes (protease or pectinases),
which are used in biodetergents, after
being hydrolysed.
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D. BIOSURFACTANTS
Biosurfactants are produced from oil
plants (especially soaps) or from starchrich plants. In other words, they are
produced from oils and fats through the
production of oil products or from
sugars such as molasses through
fermentation. Specific examples of
waste to be recovered are pomace and
used cooking oils.
Biosurfactants are generally produced
in low volume and high value low
volume and high value,

particularly for high-end products.
Currently, most of these products are
manufactured
from
petroleum
derivatives or of mineral origin.
The sectors of application are diverse:
household and industrial detergents,
cosmetics, textiles, fibres, agricultural
chemicals and, to a lesser extent, in the
manufacture of plastics and paper. Of
particular interest is its role in the field
of cosmetics.

E. BIOPAINTS
Traditional paints include petroleumbased compounds, chemical additives
and synthetic products which, in
addition to being toxic, are highly
polluting in their disposal. These
components are therefore banished
when it comes to obtaining biopaints.
Many technologies are being used, but
one of them seems particularly
promising: the Pickering emulsion.This
technique consists in making a mixture
of poorly miscible compounds more
stable by avoiding coalescence of the

compounds.
of
the
compounds.
Biopaints can be obtained from various
biodegradable
sources
such
as
vegetable (flour or oil) or animal (casein
or cheese).
Among
others,
apart
from
the
bioplastics sector, which uses them to
print messages on bags and packaging,
they are used by the newspaper
printing sector, and can play an
important role in the building materials
sector.
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F. BIOINSECTICIDES / BIOPESTICIDES
Nowadays, society has realised how
harmful insecticides/pesticides are for
health and the environment. It is also
interesting to mention that they are one
of the main causes of the death of
millions of bees, which are essential for
ecosystems. However, these compounds
are necessary for the protection of
plants and crops. Therefore, in order to
maintain our current system of life, it is
necessary to find bio-products that are
non-toxic and protect crops and plants.

Examples include the production of
pheromones from oleaginous yeasts
that prevent larvae from mating and
laying. Also, organic waste from
households. Also, if we include
antimicrobials
in
this
section,
lignocellulosic waste can be used to
obtain sugars which, in turn, are
transformed into a bio-preservative:
nisin.

G. BIOMATERIALS FOR CONSTRUCTION
The construction sector is a very
important target sector for R&D&I due
to the fact that many of the materials
they use are hardly or not at all
recyclable/biodegradable, increase the
consumption of virgin raw materials
and the amount of emissions derived
from their processing. Thus, obtaining
biomaterials that can be used in
construction has become a growing
concern.
An example of a feedstock for such
materials is lignocellulosic biomass such
as forest residues, bark, straw and nut
shells. This biomass is separated into its
main components: lignin, hemicellulose
and cellulose.

On the one hand, the hemicellulose and
cellulose components will be used to
obtain so-called building blocks, while
on the other hand, the lignin will be
used to obtain PIR (polyisocyanurate)
and PUR (polyurethane) foams, which
are used in insulation.
Another example is the use of
municipal solid waste and rejected
waste from recycling with a high
content of cardboard and paper. On the
one hand, a thermosetting bioresin can
be obtained, used in the bonding of
mineral wool (insulation) and, on the
other hand, lactic acid and polylactic
acid (PLA) and fibre composite
materials which, among other uses, can
be used.
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H. BIOLUBRICANTS
Biolubricants are produced from oils
from plants such as soybean, sunflower,
rapeseed, etc. Their use has advantages
for the environment, as they are
biodegradable. Their use reduces the
hazards associated with handling, leaks
and losses into aquifers. They are also
easier to recycle at the end of the life
cycle.

They have particular potential for use in
machinery used in environmentally
sensitive environments, e.g., machinery
used in areas of high environmental
value (mountains, maritime areas).
However, there are still technological
challenges to develop in order to
achieve all the properties of fossil
lubricants.

I. BIODISOLVENTS
Currently, most of these products are of
petrochemical
origin
and
are
atmospheric pollutants due to their
high volatility. They are classified as one
of the most ozone depleting products.
Biodisolvents are products of vegetable
origin (oils such as rapeseed and soya),
agricultural crops (such as maize or
wheat) or other organic matter, are fully
biodegradable and are set to play an
important role as an alternative to
petrochemical solvents.

Among their advantages are that they
have the same cleaning properties as
fossil-based solvents, are biodegradable,
low in toxicity, odourless and do not
contain VOCs (volatile ozone depleting
particles). In principle, these products
are more expensive than fossil fuels, but
in reality, they are not. This is because in
practical terms they consume less, as
they do not evaporate, which also
makes them less hazardous. They also
require less investment in safety
(storage, fire prevention, etc.).
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J. OTHER OPTIONS OF INTEREST
1. ELECTROREFINERY
The new concept of the electrorefinery
has already been mentioned and,
therefore, it could not be left out as an
alternative in the production of
bioproducts.
Thus,
the
starting
compound is CO2,

which can be starting compound is
CO2, which can be transformed into
formic acid (CH2O2), isobutylene
(C2H8), lactic acid (CзH6Oз), etc. Some
examples are:

CO2 serves as a raw material for
obtaining formic acid by using electrical
energy in an electrocatalytic reactor. In
turn, this acid can serve together with
CO2 as carbon sources for the
Rhizobium radiobacter bacteria and
transform it into polyglucose, used in
cosmetics; and agrocin, used in pest
control. This organic acid can also be
used as a starting compound in the
production of pharmaceuticals, textiles
and food, among others.
Another
option
is
synthetic
photosynthesis to transform CO2 into
valuable products for industry. In this
case, the aim is to imitate the biological
process of photosynthesis using surplus
renewable energy. The CO2 will be used
to obtain molecules such as ethylene
(use in plastics), CH4 (energy) and CO
(ethanol production). The process is
extremely complex and is currently
under development.
Other products that can be obtained
from CO2 are isobutylene and lactic
acid. This process will also be achieved
by using microorganisms as catalysts.
The development and optimisation of
the bioprocess will take place with both
fermentative and bioelectrochemical
systems.
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2. BIOELECTROREFINERY
Energy consumed in such treatments
and
thus
increase
sustainability,
although so far, they have not been able
to demonstrate their feasibility. This
opens up an interesting field of study.

On the other hand, it should be noted
that BES have other potential uses that
are currently being developed. For
example:

Development of a BES system (microbial
desalination cells, MDC) as a pretreatment for reverse
osmosis desalination. The MDC obtains electrical
energy from the degradation of organic matter and
thus does not use external electrical energy.
Fertiliser production for agriculture through nutrient
recovery with a BES system.
Development and application of a BES system on
contaminated land and water to degrade products
such as metals, hydrocarbons, pesticides and
antibiotics.

Figure 6 - Bioelectrorefinery concept.
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In conclusion, BES give rise to a new
group of innovative technologies that
are potentially more efficient and
sustainable than current wastewater
treatment technologies. Fields of
application include energy and nutrient
recovery, pollutant removal, among
others.

However, BES technologies currently
face
a
major
challenge:
their
implementation in the market as
another
alternative
to
promote
sustainability in treatment and recovery
processes.
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7. WHAT CAN BE CONCLUDED?
As
summarised
very
briefly,
biomanufacturing has a very clear
potential
for
the
continuous
development of today's lifestyle, giving
value
to
the
three
pillars
of
sustainability: economy, environment
and society. Biomanufacturing is the
shortest way to a much better future in
all terms. However, it is true that this
path is full of very interesting challenges
that need to be addressed and
overcome.

For
this
purpose,
the
scientific
community, politics and society in
general must be in perfect harmony.
From a more local point of view, the
Region of Murcia has a very interesting
potential to face this type of challenge,
as it has a wide production of raw
material suitable for its valorisation and
has the scientific and technical capacity
needed for its development.
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