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The LIFE-Repolyuse project – REcovery of POLYurethane for reUSE in eco-efficient materials
tries to solve the environmental challenge of scarcity of resources and waste management in
order to mitigate the effects of climate change.
Addressing the problem of management of polyurethane plastic waste, the goal is to increase
the reuse of polyurethane waste that is currently managed as inert waste or is recovered through
techniques that are not environmentally sustainable. By using a new technology, polyurethane
waste is integrated into new building materials, thus extending its lifecycle. Life-Repolyuse
technology aims to reduce the use of natural resources and ensure that more energy is
embedded in the material.
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Life-Repolysue Lifecycle

The project, with a high replicability impact, will design innovative materials, adapted to the needs
of citizens and the building industry, and other stakeholders’ groups who will benefit from it.
The best practices database is the cornerstone of the project. For this reason, one of the main
outputs to be delivered is a Guide of Good Practices, organized in two dimensions. On the one
hand, the Product Lifecycle Stages. And, on the other hand, the Research and Development
Project Phases. The Guide aims to be an example and an inspiration for the industry, to reduce
the environmental impact, and to make a more rational use of the resources. In order to
have a more active role in the sustainable future.

The guide compiles and makes available to the general public the best practices detected among
the consortium and identified and characterized by every consortium partner. These practices
are intended to be incorporated into the Policy Learning Platforms as “success stories”.
This guide will ensure the necessary and appropriate steps to guarantee the technology
installation and legal requirements. This includes the public entities that must be involved in any
installation or construction license. The guide will also include details of the technology being
used and the necessary components to put the system together.
Along the Life-Repolyuse project, the fruitful interchange of ideas has enlarged and improved this
Guide.
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2.1 Polyurethane re-use
Polyurethane waste is currently managed as inert waste or it is recovered using techniques that
are not environmentally sustainable. In fact, nowadays, about 3.5 Million tons of polyurethane are
used in Europe each year. This generates around 675 thousand tons of polyurethane waste,
and most of it (68%) become landfill waste.
Currently, the polymers have become a key material for society, with very high levels of
production and consumption compared to other materials. With presence in strategic sectors
such as packaging, building and construction, automotive, electrical and electronic, home, leisure
and sports, farming, medical applications, and so on.
The intensive use of polymers is due to its properties and performance, especially its plasticity,
electrical, thermal and acoustic conductivity, and chemical, atmospheric mechanical strength,
density, elasticity, hardness, melting temperature, variety, shape, color, texture and appearance,
and production cost.

page 6

Despite the large size of the polymer industry and the concern about the environmental impact it
generates, there is a strong lack of global information on the destination of the polymers at
the end of their useful life.

Polyurethane foam

The end of the useful life of the polymers reveal the "latent" environmental problem, as they
are not admissible by nature. Failure in the management of plastic waste leads to the
environmental pollution on land, water and air, as well as a risk to the survival of species.
Since 1980, the EU has opted for the recycling of PU waste after its useful life in products or in the
process of production, through policies that encourage recycling.
In 2018 there were collected 29.1 Mt of polymer waste for further treatment, with the following
management average values: Energy recovery (42.4%), recycling (32.5%) and landfilling
(24.9%).

Average waste management values1

1 Plastics – the Facts 2019. An analysis of European plastics production, demand and waste data. Plasticseurope.org

page 7

Using this new technology, it will integrate polyurethane waste into new building materials,
thus extending its lifecycle. Life-Repolyuse technology will allow a reduction in the use of
natural resources and ensure that more energy is embedded in the material.

2.2 New technology based on polyurethane re-use
The new manufacturing technology is based on a traditional manufacturing line, with a slight
additional process that has been added to include polyurethane waste in the process as a raw
material.
It is necessary to transform the polyurethane waste into a powder material to integrate it
into the production line.
Once crushed, the polyurethane waste is stored in drums or big bags waiting to enter in the
production line of the ceiling tiles.
The manufacturing process involves the dry mixing of the waste with gypsum. For this
purpose, an industrial scale mixer has been defined and built, as shown below.

Industrial mixer

To dry mix both raw materials, the mixer has a dosing that works continuously and that provides
the right mix.
The rest of the manufacturing process is the same as the normal production process of gypsum
ceiling tiles.
To mix both products homogeneously, it has been used a worm gear. After several designs and
some modifications, it has been able to give a suitable mix for the industrial propose.
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The in-line mix of the dry material (gypsum + polyurethane) blends in line with the water,
fibers and additive, and continues the normal manufacturing process.
The new tiles are stored for drying under the same conditions as standard tiles.
After the drying phase, the tiles are prepared for the transport in the following way:

8 units/box - 48 boxes/pallet
2.88 m2/box - 138.24 m2/pallet
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The new Life-Repolyuse product has been assessed in order to evaluate the environmental and
economic impact for the society.

3.1 Lifecycle analysis
The main purpose of this study was to compare, under contemporary production infrastructure
and logistics conditions, the environmental implications of choosing traditional gypsum tiles or
the new Life-Repolyuse tiles based on an equivalent gypsum ceiling tiles to cover a surface of 1
m2. The results are valid for tiles produced in Spain and help in the identification of key
parameters and hotspots in both systems.
The conclusions of the Lifecycle Analysis are summarized in the following chart. This includes the
assessment in each impact category, presenting the percentage of difference between both tiles,
using the standard gypsum tile as a reference.
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Impact category (unit)

Global warming (kg CO2 eq/m2)

Soil and water acidification (Kg SO2
eq/m2)

Eutrophication (Kg (PO4)3- eq/m2)

Photochemical ozone formation (Kg
C2H2 eq/m2)

Abiotic resource depletion (ADPelements) (Kg Sb eq/m2)

Abiotic resource depletion (ADPfossil fuels) (MJ/m2)
Use of renewable primary energy
excluding resources used as raw
material (MJ/m2)
Non-renewable primary energy use
excluding resources used as raw
material (MJ/m2)

Net use of fresh water (L/m2)

Disposed / discharged hazardous
waste (Kg/m2)

Non-hazardous waste disposed /
discharged (Kg/m2)

Materials for recycling (Kg/m2)

Exported energy (MJ/m2)

Model of tile

Total

Standard

6.488

PU-gypsum

5.581

Standard

1.68 x 10-3

PU-gypsum

1.53 x10-3

Standard

3.12x10-4

PU-gypsum

2.85x10-4

Standard

1.05x10-5

PU-gypsum

1.25x10-5

Standard

0.48737

PU-gypsum

0.42989

Standard

94.0797

PU-gypsum

81.0671

Standard

0

PU-gypsum

0

Standard

94.0797

% Difference

-13.98%

-9.52%

-8.65%

+19.05%

-11.79%

-13.83%

-

-13.83%
PU-gypsum

81.0671

Standard

8.328

PU-gypsum

6.228

Standard

0

PU-gypsum

0

Standard

10.1452

PU-gypsum

6.9816

Standard

0.220212

PU-gypsum

0.222600

Standard

30.458

PU-gypsum

23.832

-25.22%

-

-31.18%

+1.08%

-21.75%
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Based on the results of the present study, it can be affirmed that important differences have been
found in the behavior of the two gypsum ceiling tiles models studied in terms of quantification
of the impact categories.

Moreover, to these data, we must also add the results of the comparative tests for both tiles in
terms of use, which are shown below:

Test

Result

Thermal conductivity

Test based on the UNE-EN 12667 standard. The PUgypsum ceiling tile improves the results of the standard
gypsum tile by 26.7%

Reaction to fire and
resistance to fire

Result: A1. The classification of the PU-gypsum tile does
not differ compared to the standard gypsum tile

Acoustic absorption
coefficient

Similar results for both tiles:


αm (average absorption coefficient) = 0.08



NRC (noice reduction coeficient) = 0.12



αW (weighted sound absorption coefficient) = 0.10

After analyzing the results of all the impact categories studied, as a final conclusion of the
Lifecycle Analysis study, it can be established that the environmental behavior of the PUgypsum ceiling tile is more favorable than the standard gypsum tile, since the PU-gypsum
tile presents improvements in most of the impact categories, some of them substantial and
significant, such as global warming, depletion of abiotic resources, (ADP-elements and ADP-fossil
fuels), net use of fresh water and non-hazardous waste eliminated / dumped).
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3.2 Lifecycle cost
The Lifecycle costing (LCC) evaluates and compares the “traditional” standard gypsum model and
the “new” polyurethane-gypsum model, the total cost performance of the tiles over time,
including acquisition, operation, maintenance and disposal costs.
The LCC analysis concludes that the PU-gypsum tile performs better in the cost perspective.

Standard
model

PU model

Diff.

% Diff.

Product LCC

3.46€

3.13€

0.33€

-9.51%

Production unit
costs

3.36€

3.03€

0.33€

-9.79%

Variable direct costs

1.84€

1.78E

-0.06€

-3.26€

Raw materials

0.41€

0.40€

-0.02€

-4.00%

Manufacturing

1.43€

1.38€

-0.04€

-3.04%

Fixed direct costs

1.52€

1.25€

0.27€

-18%

N/A

N/A

N/A

N/A

0.10€

0.10€

0.00€

-0.23%

Use

Waste / Recycling
process

LCC Analysis

The main differences in the production costs are mainly due to the fact that PU-gypsum
production is more cost efficient as less drying time is required.
The bridge analysis of the following chart allows identifying the differences in unit cost.
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3,36 €

0,02 €

0,08 €

0,00 €

0,04 €

0,06 €

0,10 €

0,07 €

0,00 €

0,27 €

3,03 €

Bridge analysis between the production costs of the standard gypsum model and PU-gypsum model showing the
increases in green and the decreases in orange

The following chart shows the overall bridge analysis for both models with the different costs.

3.46 €

0.06 €

0.27 €
N/A

Standard model

Var. Direct Cost

Fix. Direct Cost

Use

0.00 €

3.13 €

Waste / Reycling

PU Model

Overall bridge analysis between standard model and PU model

The PU-gypsum model is 0.33 €/m2 (-9.51%) less costly than the standard gypsum model.
The LCC analysis concludes that PU-gypsum tile performs better in all perspectives. On the one
hand, the PU-gypsum model performs better in the cost perspective. On the other hand, the
PU-gypsum model performs better in the installation and use perspective, due to the lower
weight and better conductivity isolation and acoustic absorption.
The PU-gypsum tile model reduces the overall weight of the suspended ceiling, and thus, the cost
of the structure. Furthermore, the lighter tiles increase the speed of installation and reduce the
costs of transportation.
Moreover, the better PU-gypsum tile model conductibility isolation improves the energy efficiency
of the building, and thus, the energy costs.
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The project defines “Good Practices” as an initiative (e.g. activity project, process, technique)
undertaken in the program’s priority which has proved to be successful in the project, and which
is of potential interest to other related projects or other stakeholders in the industry. Proved
successful means that the good practice has already provided tangible and measurable results
in achieving a specific target. Although it is primarily referring to good practices, valuable
learning also derives from bad practices, in which learned lessons can be taken into account in
the process of exchanging experience.
The Good Practices Guide includes practices organized in two classification dimensions:


On the one hand, the Life-Repolyuse product lifecycle stage, in which the practice
focuses.



On the other hand, the stage of the project in which the practices take place better.
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Furthermore, each practice is structured according to the following information in order to have
an exhaustive analysis of each practice:


Description. Brief description of the practice, the reason why it is important, and the
main impacts.



Key success factors. Identification and description of the main activities, tasks, resources
and processes in order to deliver the practice successfully.



Risks. Identification and description of the main risks in order to deliver the practice
successfully.



Classification. Identification and description of the product lifecycle stage and project
stage in which the practice focuses and has impacts.



Impact / effort matrix framework. Position of the practice in terms of impact and effort
to deploy it.
o

Impact. Identification of the impact of the practice in a low / medium / high scale.

o

Effort. Identification of the the effort of the practice in a low / medium / high
scale.



Replicability. Description of the main drivers to replicate the action and measurement of
its replicability in a low / medium / high scale.



Stakeholders. Identification of the main stakeholders involved and impacted by the
practice.



KPIs. Identification of the main KPIs (environmental / economic / social) impacted by the
practice.
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1.

Initial “sanity check” to identify agents that may damage the product

2.

Analysis of the regulatory framework in order to find the strengths of the new product /
technology

3.

Design and installation of sensors in DEMOSITES

4.

Ensuring that the laboratory test done applies to the market reality

5.

Development of innovative awareness activities to communicate the project values

6.

Strategy of continuous communication and dissemination activities to engage the
community

7.

Definition of a technical outcomes presentation calendar for the project

8.

Involvement of an industry leader in the project

9.

DEMOSITE selection process and property approval

10. Transportation and storage of the product before placement in DEMOSITES
11. Ensuring enough raw material nearby the production site
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12. Carrying out the processes in the most efficient location, regardless of the owner
13. Definition of a detailed protocol for the waste management and traceability
14. Analysis of the whole product lifecycle impacts “from cradle to grave”
15. Development of a clear new process production diagram
16. New workplace safety assessment
17. Focusing on large markets with high and increasing demand
18. Innovation in materials that also have better manufacturing results
19. Obtaining the CE product mark
20. Elaboration of the technical data sheet of the finished product
21. Identification of additional opportunities for the new product / technology
22. Establishment of communication channels at product marketing level
23. Transportation with more efficient vehicles
24. Environmental certification of the product to compete with other products
25. Maximization of the use of renewable electricity
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This Good Practices Guide is a great opportunity to wrap up the main activities of the project. In
this case, it has been observed that these good practices take place during all the phases and
during all the product lifecycle.
The following matrix shows the allocation of the impact of the good practices in the different
project phases and product lifecycle stages.

The darkest areas mean the highest impact, whereas the lightest areas mean the least impact
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Due to the current project stage, and the nature of the new material, most of the good practices
are allocated in the market stage and with an additional focus on raw material and
manufacturing. This drives to define practices very close to the real market, therefore very close
to be a real option.
Furthermore, in order to be as efficient as possible, we must also analyze the good practices
based on the Impact and effort matrix, in order to focus on the “quick wins”: the good
practices with more impact that, at the same time, require less effort.

Due to the fact that we are obviously focused on good practices, it is worth to mention, that all
practices have high or medium impact.

High impact / Low effort
Based on the matrix, the “quick wins” are the following practices, positioned in high impact and
low effort:




Obtaining the product CE mark.
Elaborating the technical data sheet of finished product.
Properly transporting and stocking the product before its placement in DEMOSITES.
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These “quick wins” are mainly the basic product certification, tests and technical information
required in order to launch the new building product to the market. They are quite standard, but
also a must, in order to launch the product.

High impact / Medium effort
Positioned as high impact practices, but requiring some more effort, the following practices have
been identified:








Initial “sanity check” to identify agents that may damage the product.
Analysis of the regulatory framework in order to find strengths of the new product /
technology.
Design and installation of sensors in DEMOSITES.
Involvement of an industry leader in the project.
Definition of a detailed protocol for waste management and traceability.
Analysis of the the whole product lifecycle “from cradle to grave” impacts.
Environmental certification of the product to compete with other products.

This is a more sophisticated analysis and project/product interventions that allow the new
product to have and demonstrate an additional value proposition compared to other competing
products.

High impact / High effort
Positioned as high impact, but requiring high effort, the following practices have been identified:






DEMOSITE selection process and property approval.
Ensurement of enough raw material nearby the production site.
Focus on large markets with high and increasing demand.
Identification of additional opportunities for the new technology / product.
Maximization of the use of renewable electricity.

These are mainly the good practices that impact in the main profitability and sales drivers.
However, they are very restrained by the manufacturing/location requirements and the market
and industry dynamics. Therefore, it is very difficult to change or interfere with one producer or
with the project stakeholders.
These are the 25 main good practices drawn by the project.
We expect that they are useful for the industry and the research community.
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