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Project Scope & Objectives

The main objective of this LIFE Project is to demonstrate, in a pre-productive pilot plant process,
the viability of poly (lactic acid) (PLA) synthesis from waste products of bakery industry, by
means of a ‘clean’ enzymatic technology, and their use in the fabrication of a 100% biodegradable
film to be used in the packaging of bakery products (closing the life cycle).

BREAD4PLA offers an innovative, effective, environmentally-friendly alternative to the usual
biopolymers from renewable sources which are mostly synthesized from different vegetable products
which are used in the human feeding. Thus, as the new biodegradable biopolymer comes from
food waste (bakery sector) instead of plant sources used in human food to produce PLA,
BREAD4PLA avoids the problems related to fluctuations in food prices, monocultures and
biodiversity loss associated with the latter.

The main objective is divided into the following specific objectives:

a) To recover industrial bakery waste and preserve it during collecting and transporting to the
lactic acid plant.

b) To determine the best process conditions to produce lactic acid (LA) from crust bread or
other bakery by-product using pilot plant fermenters.

¢) To produce LA at high yield using enzymatic routes as alternative to chemical ones.

d) To optimize the polymerization process of PLA at pilot plant scale using lactic acid
obtained from bread waste fermentation.

e) To use the produced PLA combined with suitable additives (stabilisers, plasticisers,..) to
produce flexible films and semi-rigid trays to be employed in the packaging of bakery products.

f) To produce environmentally friendly packaging from bakery waste.

g) To develop a "Cradl e to Cradle” Management of current
(packaging and organic waste) giving a high-added value to the current bread waste.
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The Problem and Background Information

The biodegradable polymer materials or biodegradable plastics are an
interesting alternative to the materials based on petrol for some
applications because it has environmental benefits such as reduced
greenhouse gas emissions and lower energy consumption.

Furthermore, an added economic impact related to the petroleum shortage exists, the dependence on
third countries (petroleum-producing countries) and the fluctuation of raw materials cost.

In spite of those advantages, these biopolymers are mostly synthesized from different vegetable
products which are used in the human feeding (sugar cane, soya proteins, castor oil, starches, etc.).
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From bakery waste to recyclable and compostable package
for bakery products: Cradle to Cradle Management.

Figure 1. BREAD4PLA Cradle to Cradle management cycle and Beneficiaries

This is why their production can however entail a series of environmental and social problems:

-Single-crop farming tendency, -Biodiversity loss,
-High consumption of water, -Use of fertilizers,
-Employment of genetically modified species,  -Increase in the costs of food,

-Food shortage.

Due to the later, it is very important to analyse and demonstrate the potential of other natural sources
for plastic production as alternatives to the food itself.
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The policy of the EU countries and other countries regarding the use of natural resources focuses on
the protection, the sustainable use and the reduction of the environmental pollution. The waste
generation is penalized and the food alerts have closed routes in the use of products by increasing the
cost of its management.

The waste of the food industry constitutes a serious waste problem around the world due to the
environmental pollution they generate. This waste may represent in some cases up to 85% by weight
of the raw material received. So, the food industry, pursuing its sustainable development, is
increasingly applying measures to improve its environmental impact, among which is the recovery and
reuse of by-products. Also, this use creates new sources of wealth that provide greater economic
returns to the industrial process of output.

The innovative nature of BREAD4PLA project lies on the type of waste to be valorised: by-
products from bakery industry. This represents an interesting approach due to the use of non-
conventional carbon sources to produce biopolymers and, the environmental contribution is
higher because in addition to using biodegradable sources rather than fossil sources.
Additionally, low added value waste is transformed in high added value products.

The approach of BREAD4PLA is to contribute to the recovery of waste, which also serves as alternative
to fossil-based products, in line with European Environmental Policy and legislation, mainly with Waste
and natural resources:

Enzymatic
fermentation of bread
waste

Industrial waste

Lactic Acid (LA) Polylactic Acid (PLA)

PLA blow-film or cast-
sheet extrusion

Promoting sustainable use of biopolymers from natural resources. (Replacing
food by waste, as the natural resource).

Promoting waste recycling.

Offer a new business with high added value to recycle a current waste.

LIFE+ Environment Policy & Governance-2010 www.bread4pla-life.eu
LIFELO/ENV/ES/479 infobread4pla@aimplas.es



“rrr BREAD4PLA PROJECT

BREAD4PLA

How BREAD4PLA Consortium tackled the problem?

BREADA4PLA promotes the solution to above mentioned problems by carrying out a demonstrative
project which, by means of a clean enzymatic biotechnology, aims to obtain lactic acid (LA) to be
employed in the manufacture of a 100% PLA biodegradable film packaging from industrial bread
waste, to be used in this same sector as bakery packaging, and thus perfectly closing the life cycle of

the raw material.

Analysis of the organic waste of
the bakery industry

Package characterization and

validation Pilot plant production of lactic acid using

enzymatic/fermentation process

PLA properties modifications by

compounding & film processing
Production of PLA

N~

The biodegradable new material properties have been tested and proved technically suitable to
obtain packaging at pilot plant level by conventional extrusion processes.

The new PLA obtained in BREAD4PLA (from bread waste source)

is completely comparable to the commercial available PLA in terms of mechanical,
barrier, optical properties, which are obtained from NO WASTE renewable sources.
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Obtained Results & New Biodegradable Packaging

The overall results from the demonstration project after the 3-year period prove that the bakery waste
is a suitable raw material that can be an actual environmentally friendly alternative to obtain 100%
biodegradable and compostable plastic, with satisfactory performance for bakery products.

From bakery waste to compostable packages

SLICED BREAD CRUSTS “FERMENTATION PROCESS  LACTID ACID (LA)

DEVELOPMENT OF PLA FORMULATI[]NS

PLA FILMS AND PACKAGES PRODUCTION NEW PLA PACKAGES VALIDATION

Successful validation of new PLA packaging

Tests were conducted to study the behaviour of plastics PLA for food packaging and it has been shown
to have sufficient rigidity and thermo-sealing allowing its use in packaging machines.

The new packaging was tested in products such as bread, biscuits and shortbreads observing that it
can be used in bakery products. It is important to emphasize the good behaviour in products such as
shortbreads because of their composition and moisture content, being well suited because of the
characteristics provided by the new material.

Shortcakes and shortbreads are products which have a good behaviour in PLA packaging, similar to PP
(polypropylene) commercial film.

Fig 3.Shortcake in PLA bag Fig.4 Shortcake in PLA tray
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Sensory tests were made by a panel
of expert tasters and factors such as
odour intensity, texture (if soft or
hard), the intensity of the flavors of ® Shortcake (S)-0 ™ Shortcake [S}-6 M
the product, strange odors such as m Shortcake (S)-10 M = Sho rtcake ($)-12 M
rancid or musty and global sensory
evaluation (global sensory value
obtained product considering all
characteristics) were evaluated.

STANDARD PACKAGING

These diagrams show the sensory
assessment of the shortbreads in
standard packaging (polypropylene Sugar  Odour Rancd Texture Flvour  Bad  Harmony
PP), in a bag of PLA from bakery aspect Intensity Odour  Suitable odour

waste and in PLA trays from bakery
waste. Fig. 5. Sensory results in standard packaging at 0, 6, 10 and 12 months.

The rancidity of the products (aged BAG PACKAGING
flavored fat) in PLA packaging is

reduced compared to a commercial
PP package. This is very interesting W Shortcake (B)-0  m Shortcake (B)-6 M

because it allows producers of « Shortcake (B)-10M  Shortcake (B)-12M
bakery products reduce the use of

antioxidants (food additive).

It was found that trays made of PLA

from bakery waste have good
strength and are suitable for
containing different types of bakery
products and, in addition, they can
be sealed on the top with different
plastic materials.

Fig. 6. Sensory results in PLA film packaging at 0, 6, 10 and 12 months.

TRAY PACKAGING

M Shortcake (T)-0  m Shortcake (T)-6 M
1 Shortcake (T)-10 M Shortcake (T)-12M

Fig. 8. Some bakery products packaged
in a blister packaging made of PLA from
bakery waste

Fig.7. Sensory results in PLA tray packaging at 0, 6, 10 and 12 months.
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BREADA4PLA pilot plant demonstration has proved that there is a gap with the industrial scale-up in
terms of logistic and economic requirements that should be met at industrial level by the receptor of
bread waste, who is the LA and LA derivates producer. As a result of several industrial contacts with
companies leaders in lactic acid, lactic acid derivatives and lactides (intermediate substance between
lactic acid and PLA), the following requirements were defined in general terms:

- Substrate must be available in significant quantities.

- No seasonality of supply, to have a constant supply of the substrate during the whole year. In the
case of bakery waste, it can be assured a constant supply.

- Origin of the bread waste, being very important to collect the total amount required from the same
bakery plant. This would help to simplify logistic and diminish transport costs, as well as guarantee
a constant composition and quality of the bread waste.

It is very difficult to estimate the costs of fermentation processes for LA production and the costs
reductions by optimizing the process due to the fact that the study has been performed at pilot scale.
The same happens with the polimerization process to produce PLA from LA. Data, figures, etc. about
larger scale processes are not available as they are considered confidential.

Despite these difficulties, in the framework of BREAD4PLA, it was possible to quantify the yields of the
different processes involved. The fermentation of waste bread allows the production of 0.35 kg lactic
acid per kilogram of bread, which is same range as for other feedstocks. Regarding the production of
PLA, yields at this small pilot plant have been around 50%. From the same lactic acid, the yield in
industrial process will be at least 77% based on data from pilot trials. So, depending on the scale, one
kilogram of bread can be converted to 0.175 and up to 0.25 kg of PLA. In addition, in both
processes, LA and PLA production, some points have been detected to be improved and the yield
would increase, being more feasible to make improvements on a large scale, mainly based on
purification processes.

As fermentation and down-stream processes are the same whatever the type of feedstock is used as
raw material, the main difference in the cost of the production of LA is the cost of raw material
(feedstocks origin). Prices for standard feedstocks for LA fermentation (like corn in the US or tapioca in
Thailand or to act more generally the world market sugar price) are between 4 and 8 times higher than
prices of bakery wastes (300-400 € per ton versus prices between 60 and 150 € per ton of bread
waste). Comparing feedstocks prices, it is possible to have the expected reduction of broth cost about
50%.

It has been demonstrated that in the enzymatic fermentations developed it is possible to save costs for
enzymes and for energy in view of higher process temperature, saving efforts for the sterilization. In
consequence, the environmental costs of the use of enzymatic fermentations for obtaining lactic
acid cultures can be potentially reduced at large scale.

From the data provided by different big bakery companies in Spain and UK, around 25% of the bakery
waste produced by them could be intended to the production of PLA packages. The rest is derived to
animal feeding. Considering the yield figures estimated, the recovery of the bread waste generated for
a single bakery big company could lead to the production of 680 ton/year of PLA, replacing the
equivalent amount of conventional plastics in the bakery sector at a competitive cost.
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In BREAD4PLA project, the compostable character of the final packages has been demonstrated,
confirming the environmental benefits that the new PLA packages could show respect to the use
of traditional plastics like PE or PP in the bakery sector. Considering the great diversity of bakery
and pastry products on the market, the new PLA packages could replace PP or PE in different
applications, as it has been proved through the validation tests.

BREADPLA offers a high-added value alternative to divert an estimated 25% of the industrial
bakery waste of a single bakery company, taken as a reference, in Spain or UK, and therefore to
produce 680 Ton/year of the new PLA that would replace non-renewable sources plastic
packaging (PP and/or PE) of bakery products, avoiding landfill after the life of the package
and been derived to a compostable plant. This shows the potential that BREAD4PLA results
would have if more than one bakery company was involved in this proposed innovative logistic.

The reciclability of industrial scrap in the PLA films and packages production plants has also been
proved, being possible to reintroduce small amounts of scrap in the industrial process, as usual in the
plastics industry.

The environmental impacts for the production process of PLA packages from bakery waste were
calculated for four different impact categories: fossil energy depletion, climate change, eutrophication
and acidification.

As the environmental impacts calculated at pilot plant scale are not comparable to industrial optimized
processes for PLA production from corn or conventional polymers production, to allow fairer
comparisons two different PLA were taken as a reference: (1) PLA from bakery waste a laboratory-scale
PLA (PLA-BREADA4PLA lab-sc), whose environmental impacts were directly taken from LCA results of
the project actions; and (2) a projected industrial-scale PLA from bakery waste (PLA-BREAD4PLA ind-
sc), whose environmental impacts were calculated by applying a scaling factor on the LCA results
based on environmental impact reductions showed in bibliographic references' for the industrial
scaling-up of other products. By appliyng the corresponding scaling factors, important impact
reductions can be achieved, finding impacts in the same range than PLA from corn (Natureworks PLA
grades). These reductions can be seen graphically for two of the impact categories studied, fossil
energy depletion and climate change.

Cumulative Energy Demand, fossil (MJ eq/kg polymer)

LDPE

HDPE

PET

PP

PS

NatureWorks® PLA

BREAD4PLA ind-sc

BREAD4PLA lab-sc

Figure 9. Environmental benchmarking of packaging plastics: impact of fossil CED
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Global warming (kg CO2 eq/kg polymer)

LDPE 21
HDPE 1.9
PET
PP
PS

NatureWorks® PLA

BREAD4PLA ind-sc

BREAD4PLA lab-sc

Considering only the different processing steps, the LA monomerization became the process with
the greatest impacts, with a contribution to the total impact ranging between 67% and 77%,
depending on the impact category studied, followed by PLA production, with a contribution to the
total impact between 16% and 24%. This is mainly due to the high energy requirements of these
processes. The other processing steps are of less concern in environmental terms; the contributions of
the conditioning waste and PLA transformation steps to the total impact are, respectively, below 1%
and 8% for any impact category studied.

Possible points where impact reductions may be achieved were defined for each process. In the
case of LA production, impact reductions can be focused on improving the process yield and
increasing the efficiency of water removal, which consumes great amounts of energy. In the case of
PLA production, purification processes can be improved to increase the yield of polymerization. It
should be noted that the levels of process yield are expected to be highly improved during the
industrial scaling-up.

From the commercial point of view , there are sources’ which assure that the turnover of biopolymers
is currently 10% of the plastic market and that in 2020 will reach 25%. Figure 11, shows the trends for
the coming years in the specific biodegradable material PLA-Polylactic acid, according to the European
Bioplastics source. Moreover, it is estimated that the 50% of the biopolymer market growth will be
driven by PLA & PLA blends production. The worldwide lactic acid production is in the range of
350.000 tons, globally will continue to increase significantly, at about 12-15% per year and, to a lesser
degree, lactate solvents®. Another favourable factor is that packaging & bags market are the most
relevant sectors. Both trends show the suitability of the BREAD4PLA project results in the current
market and the future investments.

! Hetherington A. C,, Borrion A. L., Griffiths O. G, McManus M. C. (2014). Use of LCA as a development tool within early research:
challenges and issues across different sectors. The International Journal of Life Cycle Assessment, 19(1), 130-143.

2 http://www.foodproductiondaily.com/Packaging/Major-growth-trends-in-bioplastic-packaging-to-2020
3 Malveda et al., 2006; Abdel-Rahman et al., 2013
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Figure 11. Global Production capacity of Bioplastics (2012)

Therefore, the demonstrative industrialization of a biodegradable alternative
(polylactic acid-PLA biopolymer) to the current used conventional bakery
packaging (PP-polypropylene, PE-polyethylene), will bring a solution to a growing
problem in Europe; i.e. agricultural/food waste management, particularly in the
case of industry bread waste, as addressed by BREAD4PLA.

Moreover, 1. the easiness of adapting the conventional extrusion equipment to the PLA
biopolymer (as for the commercial grades already available), 2. the environmental advantages of the
new packaging promoted by the compostable character of PLA packages and 3. the rapid rise in oil
prices along with continuing supply demand, has driven conventional plastic raw materials higher
disadvantages. The use of biodegradable polymers as a raw material will reduce the dependence of
the oil-based plastics, so it will improve the competitiveness of the companies who bet for these new
materials generation, as BREAD4PLA defends.

In addition, addressing the subject at EU level have ensured that BEAD4PLA can achieve European
visibility, enabling European SMEs be aware of the BREAD4PLA results and having the
opportunity to adapt the BREAD4PLA technology and products to their own business, not only for
packing the current products within the bakery sector, but also it should be considered other
potential sectors, such as fresh vegetables and fruits.
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BREAD4PLA “Demonstration plant project to produce poly-lactic acid (PLA) biopolymer from
waste products of bakery industry”

is a LIFE+ project, under the Environment Policy & Governance strand.

LIFE10/ENV/ES/479

The project has a total duration of 36 months (from October 2011 to September 2014) and a
budget of M€ 1,1 (EU contribution: 50%)

This European Project is funded by LIFE+ Programme, under grant agreement LIFE 10 ENV ES
479. This LAYMAN's report reflects the consortium’s opinion and the European Community is
not liable for the use of the information contained herein.
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