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Abstract

Waste valorisation practises have attracted a significant amount of attention in recent years with the aim of
managing waste in the most sustainable way. Food waste constitutes a largely under-exploited residue from which
a variety of valuable chemicals can be derived. This contribution is aimed to set the scene for a further
development and promotion of sustainable food waste valorisation practises to different end products using green
chemical technologies.
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Society faces a daunting future in terms of water, food
and other resource scarcity. Recent studies have increas-
ingly shown diminishing fossil fuel resources together
with increasing waste generation which will get worse
with a continued increase in population in future years.
Addressing these challenges while not compromising the
future of coming generations is not an easy task.
Waste is one of the most alarming problems the planet

is currently experiencing and will surely have to address
more effectively in the near future. Waste generation
was reported to be over 2.25 billion tons in Western
European Countries between 1998 and 2001 as well as
550 million tons in Eastern Europe Candidate Countries
[1]. The main sources of this waste were construction
(31%), mining and quarrying (15%) and most import-
antly agricultural and forestry waste which accounted
for ca. 30% of the total generated waste. Food waste
figures are also staggering: almost 90 million tonnes of
food waste (FW) are generated in the EU-27 each year,
42% of which came from the household sector [2].
Worldwide we throw away over 1 billion tons of edible
food waste each year and the total for food supply chain
waste (“from farm to fork”) will be several billion. The
carbon value of such volumes of organic matter is com-
parable to that in all of the chemicals and plastics we
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use every year in society but with the obvious advantage
that it is renewable. Its exploitation will however, not be
trivial. Most of domestic waste constitutes a significant
logistical challenge and is under-utilised as a resource in
spite of its potential as a source of valuable chemical
compounds.
Waste valorisation is an attractive approach of in-

creasing popularity which can offer a range of poten-
tially useful alternatives for dealing with residues other
than disposal and/or landfilling. Valorising food waste
components could in fact lead to numerous possibilities
for the production of valuable chemicals, fuels and
products that society currently does not appreciate.
Basic valorisation strategies including composting, re-
cycling and burning (for energy recovery) are known
and largely accepted practises worldwide which how-
ever, are able to recover/convert less than 50 wt.% of
the waste into useful products [3,4]. Advanced valorisa-
tion strategies based on green chemical technologies are
more appealing from both the practical, economic and
sustainability viewpoints in that these can diversify the
generation of multiple products from a single feedstock
using environmentally sound technologies which com-
bine bio/chemo-technological protocols. These include
(but are not restricted to) microwave-assisted extraction
of useful components, biological (e.g. fermentation) and
combined chemo-enzymatic approaches for the produc-
tion of useful bio-derived products, flow technologies
able to provide cascade-type separation/isolation of
valuable chemicals, etc. [3,4].
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As key examples, citrus waste can be converted into
chemicals such as limonene (a useful fragrance, solvent
and chemical intermediate) and terpineols, materials and
sources for animal feed notably proteins, pectin (a valuable
material for food thickening) and sugars (which could be
converted into bioethanol of other valuable compounds)
using a simple and efficient microwave-assisted approach
[5]. Biocollagenic materials with wound healing properties
can be obtained from meat and leather waste via simple
diluted acid extraction [6,7]. Waste bakery is converted
into chemicals such as succinic acid or biodegradable
polymers (e.g. polyhydroxybutyrate, PHB) by simply
selecting adequate microbial strains in fermentation pro-
cesses [4,8] and higher alcohols including butanol,
isobutanol and derivatives are produced from glucose and
sugar-derived residues by using bioengineered Escherichia
Coli bacteria [9]. Thermochemical processes (e.g. pyrolysis
and in-situ upgrading) can also set the basis to a more
sustainable production of biofuels and biosyngas from a
range of food waste derived feedstocks [10,11] and bio-
diesel has been reported to be produced from coffee
waste grounds by simple methodologies [12,13]. Such
advanced food waste valorisation practices are of in-
creasing industrial interest as traditional feedstocks and
chemicals derived therefrom become more scarce, ex-
pensive and environmentally unacceptable. Consumer
pressure is also a powerful driver for change.
A range of case studies have recently become available

(some of them previously highlighted in this contribution)
for the conversion of FW-derived feedstocks into valuable
products including bio-derived chemicals, biomaterials
and biofuels [3-15] which illustrate the enormous future
potential of advanced waste valorization strategies. For
further information, authors are kindly referred to detailed
overviews recently compiled by Lin et al. [3,4].
The combination of some of these and related processes

(e.g. continuous flow biocatalysed production of esters
from oil-derived waste streams) [14,15] and their incorp-
oration into similar future processes in biorefineries for
local processing of feedstocks can pave the way to the bio-
based economy that the EU, US and other major trading
blocks are striving for. This will also represent an import-
ant contribution towards sustainable development targets.
Despite these early promising studies much work

needs to be done. A combined effort is needed from all
different partners from legislative and other government
agencies all the way to the leading food and user indus-
tries, with a particular emphasis on social awareness
campaigns to challenge the traditional perception of
waste as something that needs to be disposed of and
without value. FW sources comprise a remarkable com-
plexity as a consequence of their inherent diversity and
variability but can provide an infinite number of possibil-
ities and resources through designed and well thought out
green technological valorization strategies. Maximum
exploitation of the potential of FW will require contri-
butions from a range of disciplines from engineering to
(bio)chemistry, bio(techno)logy, environmental sciences,
legislation and socio-economics. Together we can come
up with the innovative technologies and approaches that
can lead the way towards a more sustainable society based
on a bio-economy.
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