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Editorial
Environmental concerns that are often discussed
under the heading of sustainability and climate
change have not reached their peak yet.
The UN climate summit took place during the week
of September 22 in New York. It served to collect
commitments in terms of emission reduction, a
number of financial promises, and above all, many
posts on showing a will to act urgently to address
global warming.
As stated by the UN General Secretary, Ban Ki-Moon,
"is not possible to negotiate with nature" and he
stressed that the time available to respond to global
warming is reducing and does not allow excuses
anymore. Scientists have called to limit pollution
related with greenhouse gases to limit the average
increase in global temperatures to two Celsius
degrees compared to pre-industrial times.
As a result, between today and the next few years,
there should be a continued focus on reducing
waste, conserving energy, water and non-renewable
resources, minimizing greenhouse gas emissions,
waste and increasing recycling levels.
Therefore, the interest in packaging materials and
packaging from renewable resources will without
doubt grow, especially in the area of bioplastics in
line with their improving functionalities and as more
and more commercial scale production facilities are
becoming ready.

In this issue
2

Treatment of olive mill wastewater for
PHA production.

3

Biogas production from the solid
fraction

4

Pilot scale production and recovery of
PHA

5

The market of PHA biopolymers

5

Maxi-Use Scheme

6

OliPHA for the cosmetics industry

6

More information, Upcoming events

6

Partners

Thus, as the challenge for the packaging industry
remains huge and although the packaging producers
should pay more attention to the environmental
impact of their operations and products, the
motivation behind these "green" efforts is not be
altruistic mission to "save the planet", but a serious
strategy to help improve their cost competitiveness,
but also following their operations and social
responsibility.
For this reason that projects like OliPHA, are clearly
focused to contribute in a real and tangible influence
on the environment and the industry in general.
Part of what we want to achieve with this project
is to benefit the packaging industry, allowing a
material made from renewable, biodegradable and
recyclable resources, ultimately more sustainable,
to be available for the wide public.
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Treatment of olive mill wastewater to make
it suitable for PHA production and recover
antioxidants

Figure @. Example of packaging prepared with PHB

Among PHAs, Poly (3-hydroxybutyrate) (PHB) is
a homopolymer of 3-hydroxybutyrate which offers
good resistance to moisture and aroma barrier
properties therefore of specific interest in the
OliPHA project focusing on functional packaging.
Plasticizers must be added during extrusion of
PHAs and in particular of PHB in order to modulate
both processability and mechanical properties [1].
The glass transition temperature (Tg) of PHB is
close to room temperature as well the secondary
crystallization of the amorphous phase takes place
during storage at room temperature [2]. PHB since
produced by bacteria are free of heterogeneities,
like catalyst residues or other impurities that can
act as heterogeneous nuclei, promoting the onset
of crystallization. This affects the crystallization
kinetics of the polymer, which often starts from
homogeneous nuclei, unless specific nucleating
agents are added. The crystallinity affects the
mechanical properties and consequently the
applications of PHB based materials.
In the framework of the OliPHA project, we
investigated the variation in mechanical properties
of PHB (LoT13 from Biomer), and one type of PHA
(M4100 Mirel copolymer with 84.2% 3HB, and 1.8%
4HB), comparing the efficiency of different grade
of polyethyleneglycol (PEG400, 1500, 4000) and of
trybutyl citrate (TBC), in terms of miscibility with PHB

and mechanical stability. Samples were prepared
by extrusion and injection moulding, and tested for
mechanical properties.
The properties were different as a function of
PEG molecular weight, as the latter influences
the miscibility in the PHB matrix in the extrusion
conditions For all the tested samples the strain at
break decreased as function of time, whereas both
Young’s modulus and tensile strength increased, in
agreement with the material’s cristalization.
Based on experimental results, the PEG 400 and
TBC seem the most suitable for plasticizing PHB,
since both show a good miscibility with PHB, the
mechanical properties are the least affected by
the ageing in comparison with other plasticizers,
and appear stable after about two weeks from
production. In particular, PEG400 and TBC are food
contact approved additive and are convenient for
the preparation of materials targeted for application
in food packaging.
1. L. Wang, W. Zhu, X. Wang, X. Chen, G.-Q. Chen, K. Xu, . J Appl
Polym Sci 107, 2008, .166–173.
2. ML. Di Lorenzo, M. Raimo, E. Cascone, E. Martuscelli Jour
Macromol Sci B Phys 40, 2001, 639–667

2

Biogas production from the solid fraction of
olive mill wastewater

During the pretreatment of raw olive mill wastewater
(OMWW) to remove inhibiting components for
polyhydroxyalkanoates (PHA) production by the
microalgae in the photobioreactor (PBR), the solid
fraction (olive pulp) is separated from the liquid
fraction. The solid fraction of OMWW seems like an
interesting substrate for biogas production given the
high dry matter (around 30%) and organic matter
(around 90 – 95% of dry matter) content.
During batch-wise (short-term) and semi-continuous
(long-term) fermentation tests, it was shown that
olive pulp is indeed an attractive substrate for biogas
production and comparable to energy crops with
respect to biogas production potential (around 220
NL biogas per kg olive pulp). It was also shown
that long-term storage of the olive pulp (about one
year) at 4°C resulted in no significant loss of biogas
potential. Also, no negative (long-term) toxic effects
on anaerobic digestion of the polyphenols (present
in the olive pulp) were observed. Calculations show
that from 1 tonne of fresh OMWW, over 20 Nm³ of
biomethane could be produced or, when converted
to electricity in a gas engine (efficiency 42%), 85 kWh
of electricity.
During olive oil production, apart from the OMWW,
also a solid waste fraction is formed. This fraction,
which is difficult to apply directly in agriculture, is
rich in fibres and similar to the retrieved fibres from
the OMWW. As such this could be an additional
source of input material for the biogas production
plant, resulting in a more cost-effective plant.

Further research will focus on anaerobic digestion
of microalgae biomass after extraction of PHA, most
likely in combination with the fermentation of the
solid fraction of OMWW.
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Pilot scale production and recovery of
biomass and PHA

Flat Panel PBR (Example not illustrating the technology being developed in the project)

The main issue when dealing with biotechnological
processes is typically that when a valuable product
is produced by a microorganism, great efforts have
to be put to develop a biotechnological process
with high productivity in terms of biomass and final
product.
In this context, the choice of the microorganism, as
well as nature of the culture medium and the type of
equipment used are important factors determining
the productivity but also the economic sustainability
of the process.
The development of a cost effective and
environmental friendly downstream process to
recover the final product. Generally speaking, the
recovery and purification of the product accumulated
into microorganisms are the most costly steps of
the whole process, because they consist of several
steps. The biomass is dispersed in a water medium
and it needs first to be concentrated to allow the
recovery of the product. Furthermore, according to
the nature of the product and of the microorganism,
a specific process has to be developed to extract
the product from the biomass. Finally, the product
has to be purified to a high level to reach a valuable
grade, depending on the industrial sector in which it
is intended to be used.
In OliPHA project, the two challenging issues are
considered, proposing innovative strategies and
solutions, as described below.
Great efforts are put to develop a cost effective
equipment, in particular the 5 m3 capacity
photobioreactor prototype, which patent pending
design allows high flexibility thanks to the modular
bags, where the culture is grown. The delivered

equipment is aimed at producing 2-3 kg per week
of PHA accumulating microalgal biomass.
The selected microorganism was genetically
modified, also following with a patent pending
innovative strategy, allowing to accumulate a much
greater amount of polymer PHB on the total dry
biomass vs. the wild strain.
In the course of the project, as explained in further
details in the first issue of project newsletter, it was
demonstrated that the chosen microorganisms
could grow in a medium prepared used
dephenolised olive mill wastewater, as a very cost
effective and nutrient-rich medium. In fact, the
analyses performed on this treated wastewater, after
phenol recovery, have shown to contain suitable
amount of organic nutrients, such as volatile fatty
acids used in the metabolic pathway to produce
PHA, and phosphorous ions, which are the main
anions responsible of the biomass growth.
Since PHA is a crystalline polymer, it is typically
dissolved with harmful chlorinated solvents, which
also degrade the microorganism cell. The OliPHA
project aims at developing a post harvesting
process using a non-chlorinated solvent in amount
as limited as possible. In fact, the polymer extraction
under investigation considers a first step of biomass
concentration by sedimentation followed by cell
degradation with a mechanical process. The
polymer released in the concentrated medium is
then recovered by sedimentation.
The non-chlorinated solvent selected as an
alternative to chloroform is used only in the latter
phase of purification, to reduce its consumption.
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The market of commercially available
PHA biopolymers
The term bioplastics encompasses a whole family
of materials which differ from conventional plastics
insofar as that they are biobased, biodegradable or
both.
Polyhydroxyalcanoates (PHA) are bacteria-synthesized, intracellularly accumulated polyesters from
saturated and unsaturated hydroxyalcanoic acids.
PHAs are thermoplastic, biodegradable, biocompatible, and nontoxic.
A growing demand for more sustainable solutions is
reflected in the growing production capacities of
bioplastics: in 2012 production capacities amounted to approximately 1,4 million tonnes. Market data
of European Bioplastics forecasts production
capacities will increase significantly from 1,4 million
tonnes in 2012 to more than 6 million tonnes by
2017.
Among the different kinds of bioplastics manufactured, nowadays dominated by drop-in solutions
such as bio-based PE and PET, PHAs still occupies
a very small portion around 2%.
Among others, PHAs have potential in the field of
packaging and coatings, hygienic articles (e.g.,
diaper components), fibers, adhesives, toner and
developer fluids, flavoring substances carriers in
foods, biodegradable fishing nets, but also in medical applications whereby PHAs’ safety is expected
to be a key asset.

Bioplastics production capacities by type in 2012
(Source: http://en.european-bioplastics.org/)

The price of PHA depends on its grade as well as
origin. Companies like Metabolix in USA report
market price around 4-5€/kg but other specific
grades can reach up to 30€/kg. The OliPHA
process is expected to lead to more sustainable
and cost effective PHAs thanks to:
•The utilization of industrial waste
•The use of cyanobacteria instead of cyanobacteria could lead to modulated molecular weight
and mechanical properties
•The extraction of the final product avoiding the
use of solvents.
In addition, among existing bioplastics, PHA has
good barrier properties so it is especially suitable
for food packaging.

scheme
The project is based on an
integrated environmental
approach
to
increase
the
valorisation
and
sustainability of materials
and processes throughout
their life cycle.
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OliPHA for the cosmetics
industry
There is a steadily growing demand for “green”
cosmetics. Experts estimate the present volume of
the global natural cosmetics sector at 9billion US
dollars and forecast annual growth of some 5% 1 .
The cosmetics industry is becoming increasingly
concerned about tackling the environmental
impact of packaging. This is due both to modern
consumer demands and to emerging legislative
pressure. Plant-based plastics such as PHA
(PolyHydroxyAlkanoate), much appreciated thanks
to their biodegradable nature, have yet to make
significant headway in cosmetic applications due to
various limitations. The initiative OliPHA project is
proposing to generate eco-efficient alternatives to
conventional plastics by producing such materials
from renewable biogenic resources such as olive oil
mill waste water. The OliPHA materials will be tested
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to ensure that they safeguard cosmetic quality and
safety, while efforts will be made to reduce to as low
as possible their cost of production.
On top of that, the OLIPHA project aims
to further valorise the olive mill effluents to
extract antioxidants and antimicrobials (mainly
polyphenols). Antioxidants are of potential interest
for the cosmetic industry as actives, as well as for
protecting the many light-sensitive raw materials
used in cosmetic formulations. These antioxidants
are planned to be incorporated in the OliPHA
bioplastics to generate active packaging. The
purified antimicrobials may be interesting as
potential natural preservatives.
1 http://oneco.biofach.de/en/news

Contact:

For more information including the events whereby
the OliPHA consortium will participate, as well as
other conferences and trade shows on biopolymers
in Europe and Latin America, please visit the project
website: www.OliPHA.eu

CONTACT: Dr.Ing.ElodieBugnicourt
PHONE: +34 93 557 01 10
E-MAIL: ebugnicourt@iris.cat
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Italy
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Mexico

Instituto en Ciencia y
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Argentina

Antico Frantoio Toscano
SRL, Italy

Sellopack S.A.S.,
Columbia
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Empacadora y Olivarera

Organic Waste Systems
nv, Belgium

Laboratori ARCHA s.r.l.,
Italy
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del Carbono S.L., Spain

RESEARCH&DEVELOPMENT

La Grana - Alimentació
ecològica, Spain

PEMÜ Plastic Processing
Company Ltd., Hungary

Innovacio i Recerca
Industrial i Sostenible,
Spain

Empacadora y Olivarera
San Javier, S.A., Mexico

Cosmetic SP, Greece
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