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Resources are limited and increasingly expensive. 
We need to use them in a sustainable and 
efficient way through rethinking the traditional 
model of production-consumption-disposal of 
products with a system-based approach, that 
means starting with renewable raw materials to 
produce manufactured goods which at the end of 
their lives will be converted into a new resource. 
The EMBRACED project pursues this objective 
by demonstrating a first-of-its kind integrated 
biorefinery transforming AHP waste into high 
value bio-based materials and products. Two 
different value chains are exploited within the 
project.
The value chains promote a replicable, circular, 
economically viable and environmentally 
sustainable model of biorefinery based on:
• valorisation of the cellulosic fraction of Post-
Consumer Absorbent Hygiene Products waste 
towards the production of bio-based and 
biodegradable products;
• cascading approach, where side-streams 
from the bio-based processes are valorised to 
increase cost competitiveness and environmental 
sustainability;
• circular economy approach, closing the cycle of 
raw materials and minimizing the use of primary 
resources, through the establishment of virtuous 
models of cooperation among all the involved 
stakeholders.

The Biorefinery Value Chains

The continuous interactions among all project 
partners and their synergic know-how, has 
revealed to be essential to find a solution to the 
identified technical challenges related to the 
innovativeness of the feedstock.

Value chain A: from cellulose to building 
blocks and polymers passing through 
fermentable sugars
Novamont within EMBRACED project, in 
collaboration with Fater and Contarina is 
demonstrating a first of its kind value chain, which 
will convert the cellulosic fraction of Absorbent 
Hygiene Products (AHP) waste into biobased 
building blocks for application into biodegradable 
and compostable bioplastics for different 
application sectors. 
One of the applications of the new Embraced 
bioplastics is the packaging of the Absorbent 
Hygiene Products closing the loop and promoting 
a circular bioeconomy model, opening up 
new business perspectives for all the involved 
stakeholders (waste management operators, 
industrial producer of Absorbent Hygiene 
Products and chemical industries expert into bio-
based processes) while providing environmental 
and societal benefits along the whole value chain.
Several progresses have been made in the project 
up to now, validating efficient and sustainable 
protocols for converting AHP waste into bioplastic 
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formulations through a virtuous integration of 
biotechnology and chemistry. 

Value Chain B: From cellulose to PHB and PH 
via gasification of the cellulose
Fater within EMBRACED project, is demonstrating  
a first of its kind value chain, which will turn  
recycled secondary raw materials from used 
Absorbent Hygiene Products into bio-polymer. 
Kiverdi’s technology will be used to convert 
gas from AHP waste cellulose into  
advanced materials.
With specific reference to the polymers, 
polyhydroxybutyrate (PHB), a bio-based 
and biodegradable polymer belonging 
to the polyhydroxyalkanoates (PHA) 
family, will be produced for the first 
time ever at demo scale, achieving 
a key milestone towards its first 
industrial production.  Both medical 
and non-medical applications 
have been considered in order 
to increase the future market 
applications of bio-based PHB 
materials.  Relevant results have 
been achieved so far: definition 
of a process protocol  which fulfil 
yield and productivity targets, LCA 
and LCC confirmed the environmental 
and economic   sustainability of the 
innovative process, all process variables 
and equipment’s have been tested and 
validated in long run on smaller scale and they 
are ready for the scale up to demo size, also the 
by-products obtained from the bio-process have 
been demonstrated   to have relevant bio-stimulant 
performance for the use in agriculture. 
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In the EMBRACED project, all the materials and by-products 
from the AHP waste pre-treatment plant (cellulose, SAP 
and plastic) and the biorefinery (PHB, PH and bio-based 
polyesters) are further processed towards the validation into 
end products with increased sustainability, competitive cost 
and relevant market impacts.
Within the first two years and a half of the project 
implementation, the validation into final products has been 
already finalized for the plastic fraction recovered by the 
pre-treatment plant, constituted by polypropylene (85%) and 
polyethylene (15%).
Thanks to the very high quality of the raw materials used 
to manufacture Absorbent Hygiene Products and to the 
effectiveness of the AHP waste pre-treatment technology, 
the recovered plastics are also of high quality and may be 
employed to manufacture objects for different contexts. They 
are particularly suitable for injection moulding processes, 
both as they are and blended with different plastics (virgin 
or recycled). They also meet the most stringent health and 
hygiene criteria, specifically:
• MICROBIOLOGICAL: the material has been sterilized 
following same international norms used for surgical 
instruments (UNI EN ISO 17665, 11138,14161 e UNI EN 285);
• CHEMICAL/DRUGS: the pre-treatment process is designed 
to eliminate any potential pharmaceutical residues;
• CYTOTOXIC: academic studies show no evidence of any 
types of cytotoxic activity induced by the material;
• CUTANEOUS: third party HRIPT (Human Repeat Insult 
Patch Testing) with Challenge Test exclude any phenomena 
of skin irritation and sensitization induced by the most critical 
material.

The possibility to employ the recovered plastics has been 
demonstrated in many different applications (e.g. chairs, 
school desks, cloth pins, bins for waste collection).  
A specific focus in EMBRACED has been dedicated to closed 
loop applications, i.e. applications were the recycled plastic 
is used in Fater’s & P&G’s branded products, and very good 
results have been achieved for the production of detergents’ 
caps, to be used in the home care detergent products 
produced by the two companies involved in the project.
As the plastic fraction is recovered from the pre-treatment 
plant in sheet form (Figure 1), the first step for the 
development of the detergent caps, as well as any other 
application, consists in its transformation into plastic pellets 
(Figure 2) through an extrusion process, in order to allow the 
feeding of the injection moulding machines.
After the transformation in pellets, the research activities have 
been focused on finding the plastics compound presenting the 
best physical and mechanical properties, by also evaluating 
the effects of the addition of virgin polymeric material. 
Several samples were composed with different percentages 
of virgin materials with post-consumer AHP recycled plastic 
and masterbatch in order to obtain several performance 
information for defining the best formula (Figure 3).
The activities carried out made it possible to validate the  
use of the plastic fraction obtained from the AHP waste  
pre-treatment plant for the production of plastic detergent 
caps with great industrial exploitation potential. Even if  
some improvements will be necessary the AHP recycled 
plastic blended with different compositions of virgin 
materials have demonstrated so far to be a good material  
for this kind of application.
The market opportunity for this application is significant  
for Fater and P&G in terms of marketing, costs saving  
(the first estimate is around 20% to 30% of cost reduction) 
and environmental performance increase (for each ton of 
virgin plastic substituted with post-consumer AHP recycled 
plastic it is possible to save up to 2 tons of CO2). 

Figure 3: 
Cap samples 
produced 
using different 
compositions of 
virgin and AHP 
recycled plastic

Figure 1:  
AHP recycled 
plastic in 
sheets form

Figure 2:   
AHP recycled 
plastic in pellets 
form

First Applications 
of the 
Pretreatment 
Secondary Raw 
Materials into 
Final Products
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EMBRACED considers social acceptance of bio-products 
and co-products derived from AHP waste as a key aspect 
for the successful performance of the project. With the 
objective of assessing the social perception on EMBRACED 
products, a 1600 participants survey, targeting consumers, 
has been carried out in France, Germany, Italy and Spain. 
Complementary insights about consumers’ behaviours and 
preferences towards bio-products has also been extracted 
from interviews of consumers associations and NGOs from 
several Member States.
To better understand the key moments when consumer 
behaviours could be influenced, both by reinforcing own 
preferences and by external market strategies, the five-stage 
model of consumer buying process is selected. The five 
stages and their main internal psychological process are 
depicted in the following scheme.

The decision of purchasing starts with a Need Recognition 
to be fulfilled, that could be also externally triggered by 
marketing. Consumers’ preferences and knowledge at this 
stage are crucial as they may lead to different levels of 
satisfaction between the alternatives available to satisfy this 
need. In this sense, around 66% of surveyed consumers 
state that they can identify a bio-based product and its 
characteristics but, in fact, slightly above the half of them 
(53%), identify correctly the term bio-based when given 
several definitions to choose from. Experts clarify that 
the “bio” expression generates confusion even leading to 

certain level of distrust towards a product, as the “bio” 
statements might be marketing campaigning without 
evidence base. Furthermore, in some languages, there is not 
a specific translation for the term “bio-based” and needs 
to be further explained as “raw materials from vegetable 
origin”.
About the Information Search, 76% of the surveyed 
consumers agree (22%, strongly) that there is too much 
information to be analysed to know which the best 
purchasing choice is. Experts agree on this and claim that 
consumers get tired of reading or searching for useful 
information. Despite this, 39% of surveyed consumers 
agree that they know how to learn if a product is bio-based.  
Advertising campaign in the media and information in 
packaging is identified by experts as useful instruments to 
increase bio-based products awareness.
For the Evaluation of Alternatives, quality and performance 
(90%), user friendliness/convenience (88%) and competitive 
price (87%) are the most prioritized factors by consumers. 
72% of consulted consumers say that they would only 
consider buying this kind of product, if the price is 
competitive. Information related to the origin of materials 
and end-of-life properties is nearly equally valued (66% and 
69%, respectively), but experts perspective diverges, since, 
some state that consumers connect more with their active 
role, for example, when recycling, rather than the origin of 
materials. Others point out that consumers can be equally 
moved towards sustainable practices in the whole life cycle.

Social Assessment 
About Bio-based 
Products

Viksne, K., Salkovska, J., Gaitniece, E., 
& Puke, I. (2016). Comparative analysis 
of customer behaviour models, 
ECONOMIC SCIENCE FOR RURAL 
DEVELOPMENT
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On the actual Purchase, 69% agree on the fact that checking 
price is an effective way of simplifying complicated 
purchasing choices, besides buying products to which 
consumers are already used (66%). However, experts agree 
that a broad population could be targeted to be informed 
about biobased products and could potentially be interested 
in purchasing them, if involved in effective and coherent 
communication actions.
Finally, bio-products should be satisfactory during the Post 
Purchase stage, given that peer to peer advice is one of 
the most trusted sources of learning. Experts perceive that 
consumers also rely on associations, civil society and other 
consumers, more than on the Administration and producers.
Social acceptance of EMBRACED Products: caps and 
bins, fertilizers, underpads and packaging for AHP.
• Similar expected acceptance rates (around 80% of positive 
responses), showing that although the origin can have 
an impact, the potential acceptance of these products is 
positive.
• on the price of these products, there is not a definitive 
position among consumers. Same price is just slightly 
higher than lower or higher prices.
• Regarding the feeling of using product with recycled  
AHP, the expected average comfort is set on 7.4 out of 10.
• For colour variations in underpads (from white to light 
ochre), there is high variability about their acceptability. 
This suggest that an extra effort should be made in aesthetic 
properties to influence those negative perceptions. 

According to stakeholders’ feedback, the initiative is 
considered useful and potentially promising, as it could 
be a sustainable alternative to washable personal hygiene 
products. All these insights will be assessed in order 
to explore strategies that could boost the demand of 
EMBRACED products. 

Minimum and maximum values per country

The same Less More Do not know
30%-32% 18%-21% 33%-34% 15%-18%
35%-37% 30%-31% 23%-24% 7%-11%
38%-44% 27%-31% 22%-25% 6%-7%
43%-47% 27%-28% 14%-16% 12%-16%

In comparison with non-recycled/non-bio-based alternatives, 
recycled/bio-based products should cost…

If available, would you prefer the EMBRACED products over 
conventional alternatives?
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Project website:
www.embraced.eu
Info:
embraced@fatergroup.com
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