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1 Executive Summary
The BuildHEAT project aims to develop innovative solutions for the energy retrofit of residential
buildings. A systemic package for façades that is flexible and multifunctional has been
developed, integrating insulation and active elements according to key criteria: high
performance and comfort, non-intrusive installation (from outside), scalability to district level.
Its effectiveness has been demonstrated with the application on the Demo Cases (DC) in
Rome (Italy), Zaragoza (Spain) and Salford (UK), involving more than 130 individual dwellings.
The technical solutions developed and demonstrated in the DCs allow for a significant
reduction of the heating needs, an improved control of the overheating risk, the integration of
new generation and distribution systems and a faster construction process with high quality
standards and minimum disruption for owners and tenants. Despite the above steps may seem
obvious, their application in the residential buildings renovation is an enormous challenge,
unless a systemic approach is developed, as demonstrated in the DCs of the BuildHEAT
project.
However, the approach to the system, materials, components was traditional, and the project
scope of work did not include the exploration of innovative approaches.
The proposed research aims at further developing the façade system technology according to
the principles of Circular Economy and analyze alternative business models that could make
the system more affordable from the sustainable point of view compared to the current linear
scheme take-make-use-dispose.
The Circular Business Models will be analyzed in relation to the façade sector, highlighting
drivers and barriers that could foster or hinder their development.
A high-level evaluation of all the Circular Business Models as applied to the BuildHEAT system
will be carried out and the most promising models will be further explored.
The development of a building envelope typology that from the design stage follows the
fundamentals of the Circular Economy related to Product and Process Design will be analyzed,
including the evaluation of durability of materials/components for recapture and reuse at the
most valuable time. The Product as a Service model will be applied to the BuildHEAT system,
with the possibility of renting/leasing materials. Alternative scenarios will be proposed for the
end-of-life, by evaluating the feasibility of the Recapture Materials Suppliers business model.
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2 Introduction to Circular Business Models for façades
Often designed for only 20 to 30 years, façades typically reach obsolescence well before the
building is demolished and replaced. Unfortunately, at the current time they are not designed
with end-of-life in mind.
Moreover, the construction and renovation of the building envelope involves a sensitive
collaboration between a number of parties with, in many cases, conflicting financial incentives
and commercial interests (J. F. Azcarate-Aguerre, T. Klein et al., 2015).
Suppliers keep no direct interest in the long-term performance of the façades, which regularly
end up being disposed of by the client at the end of their service life, resulting in an
unnecessary production of waste and the loss of valuable materials (J. F. Azcarate-Aguerre,
T. Klein et al., 2015).
Linear business model characterizes most of markets and industries, especially the
construction industry, but they do not represent the more sustainable option for our society to
continue growing and prosper in the future (J.L.K Nußholz et al., 2019).
The built environment has an important role to play and façades represent an interesting
opportunity within this.
Contrary to the linear model of make-take-dispose, in which goods are manufactured from raw
materials, then sold on the market, used and finally disposed as waste, the circular model is
regenerative, which means using waste as a resource for the manufacturing of new
construction systems and components (Ellen MacArthur Foundation, 2015).
Circular Economy aims to create a system that is restorative and regenerative by design and
that keeps products, components and materials at their highest utility and value, distinguishing
between technical and biological cycles.
Through the definition of Circular Business Models for façades shown below and analysed in
the next chapter, new opportunities are disclosed, and new barriers need to be overcome.

Figure 5 – Circular Business Models for Built Environment
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2.1 Circular design models
Circular design models impact how the product, components and façade systems are
conceived since the beginning, being easier to maintain, repair, upgrade, refurbish,
remanufacture or recycle. These models promote the use of new materials, especially biobased, that are less resource intensive or fully recyclable. Designer efforts shall be focused
into reducing the need for raw materials, improving product performance and increasing the
façade residual value at the end-of-life since the design stage.

2.1.1 Product and Process Design
Objective: to provide planning and design for components, systems and the entire façade to
improve its service life, to improve how it is maintained, repaired, upgraded and refurbished or
remanufactured and to increase the reuse potential and recyclability of products, by-products
and waste streams at the façade end-of-life.
Drivers

Barriers

•

Automation and robotics

•

Façade obsolescence

•

Smart materials

•

Materials degradation

•

Equal or lower costs

•

•

Design for disassembly

Compatibility with new systems and
regulations

•

Few buildings already designed

Performance

Performance slightly decreases over time

Environment

Environmental benefits include maintenance, repair, reuse, upgrade,
refurbishment, remanufacturing and recycling and disassembly at
the façade end-of-life.

User acceptance

The façade design may alter the user acceptance.

Supply
readiness

chain Designers shall coordinate with façade suppliers for a better design
for disassembly from the technological standpoint.

Material savings
User
savings

High material savings will be present since the design stage.

economic User economic savings in the short-medium term.

BuildHEAT
implementation

www.BuildHeat.eu

The system is customizable with alternative demountable elements
such as commercial active solar systems, as PV and ST, and
passive cladding components.
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2.1.2 Circular supplies
Objective: to develop new materials for façades and to enhance the use of renewable energy,
bio-based, less resource intensive or fully recyclable input materials.
Drivers

Barriers

•

People health and well-being

•

User acceptance

•

Renewable sources

•

Materials durability

•

Growing market

•

•

Environmental building rating
schemes

Greater cost compared to traditional
materials

•

Regulations

Performance

Performance decreases over time due to the use of bio-based
materials.

Environment

Environmental benefits include the use of renewable energy, biobased, less-resource intensive and fully recyclable input materials
rather than extracting virgin raw materials.

User acceptance

The circular supplies may alter the user acceptance, especially
concerning bio-based and recycled materials selection.

Supply chain
readiness

Manufacturers are starting to include recycled and natural materials
into their catalogues.

Material savings

Material savings are present since the design stage.

User economic
savings

Less user economic savings in the short-medium term.

BuildHEAT
implementation

The cladding panels contain expanded recycled glass spheres.
Also, insulation flakes from sustainable material and a recycled rigid
panel have been considered for the insulation layer but then they
have been declared not suitable for the retrofitting project.
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2.2 Circular use models
The circular use models include the service life of products, components and envelopes and
aim at extending their use over time, by providing services that facilitate the tracking, marketing
and trade of secondary raw materials. This generates new opportunities for façade companies,
also if they will operate with lower cash flows due to a longer time for returning from the initial
investment. The result is the need for the financial institutions to expose themselves to higher
loans.

2.2.1 Lifetime extension
Objective: to extend the service life of materials, components and façades through solutions
including easy disassembly and reassembly, repair, remanufacture, maintenance and/or
upgrade.
Drivers

Barriers

•

Extended Producer Responsibility

•

•

Design for Disassembly

Cost of testing to verify and
guarantee properties

•

Materials recovery

•

Lack of commercial drivers for
extending life

•

Regulations

•

Materials durability

Performance

Lifecyle is extended and performance is maintained almost
constant over time.

Environment

Environmental benefits include maintenance, repair, upgrade,
reassembly and disassembly, remanufacturing at the end-of-life.

User acceptance

The lifetime extension doesn’t alter the user acceptance.

Supply chain
readiness

Suppliers are not ready to extend service life, there is lack of
commercial drivers.

Material savings

Materials lifecycle is extended, thus material savings are present in
a second phase.

User economic
savings

User economic savings in the short-medium term.

BuildHEAT
implementation

All components of the BuildHEAT system shall retain their
properties during the overall service life of the kit under normal
conditions of use and maintenance such that the kit conformity is
maintained.
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2.2.2 Product as a service
Objective: to deliver performance rather than products and to move away from traditional
ownership models. Users pay for the service that the façade provides rather than the product
itself. This is operated through leasing contracts that transfer ownership of the product back to
the supplier who is then responsible for the provision, efficiency and maintenance of the
product.
Drivers

Barriers

•

Faster building envelope
renovations/upgrades

•

Higher initial costs for suppliers

•

•

Regulations

Longer-term performance

•

•

Fragmented supply chain

New business opportunities for
suppliers and long-term
interdisciplinary collaboration

•

Contract uncertainty

•

Clients involvement

Performance

Performance is constant over time and fixed by the leasing
contract.

Environment

Environmental benefits include continuous maintenance, efficiency
and provision of the product.

User acceptance

The façade-as-a-service model may influence the user acceptance.

Supply chain
readiness

Suppliers are not ready to deliver façade-as-a-service, since
significantly higher initial investment costs are required.

Material savings

Materials are reused, thus high material savings are present.

User economic
savings

Greater user economic savings in the short term.

BuildHEAT
implementation

The model has not been conceived for the current BuildHEAT
system.

2.2.3 Tracking facility
Objective: to provide services to facilitate the tracking of materials, components and parts of a
façade so that they can be marketed and traded in secondary raw materials markets.
Drivers

Barriers

•

Components tracking over time

•

•

New technologies (BIM, RFID, etc.)

Façade is rarely actively monitored
since the beginning

•

Longer-term performance

•

Higher costs

•

New business opportunities

•

Fragmented supply chain

•

Materials passports

•

Lack of detailed knowledge of façade
history
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Page 6 of 36

Performance

Performance is monitored continuously over time, new
technologies are on the market.

Environment

Environmental benefits include the continuous tracking of materials
and components performance.

User acceptance

The tracking of the façade doesn’t alter the user acceptance.

Supply chain
readiness

Suppliers shall be more coordinated with designers to insert
tracking systems in the façades since the beginning.

Material savings

Materials life is tracked, thus material savings are present in a
second phase.

User economic
savings

Less user economic savings in the short-medium term.

BuildHEAT
implementation

A continuous monitoring system is present in the kit, to allow the
evaluation of the energy efficiency performances.

2.2.4 Sell and buy back
Objective: to sell a façade on the basis that it will be purchased back after a certain amount of
time.
Drivers

Barriers

•

Different type of contracts available

•

Lack of reverse logistics

•

Supplier obtains the product back

•

Contract uncertainty

•

Ownership is defined

•

Fragmented supply chain

•

Product reuse by supplier

•

Risks and uncertainties for the user

•

Residual value preservation

Performance

Performance is constant over time if the façade is sold when
performance starts decreasing and different contract options are
available.

Environment

Environmental benefits include product reuse by the supplier after
selling at the end of the contract period.

User acceptance

The user may not accept to sell back the façade at the end of the
contract, also if different contract options are available.

Supply chain
readiness

Supply chain is not ready for this model today and reverse logistics
is missing.

Material savings

Materials are reused, thus material savings are present in a second
phase.

User economic
savings

User economic savings in the short-medium term.

www.BuildHeat.eu

Page 7 of 36

BuildHEAT
implementation

Passive cladding as well as photovoltaic panels can be mounted
and unmounted to the macro panel frame thanks to a flexible fixing
system.

2.2.5 Sharing platforms
Objective: to generate an increased utilization rate of products or façades by enabling or
offering shared use, access or ownership and to enhance off-site design and the use of
collaborative production facilities, also by encouraging the formation of partnerships across
the supply chain and between users, individuals and organizations.
Drivers

Barriers

•

Urban development

•

Trust among users

•

Growing culture of collaboration and
sharing

•

Regulations

•

•

Risks and uncertainties for the user

Lower costs for the user

•

•

Ownership is not defined

New business opportunities

Performance

Performance is constant over time, fixed by contract and shared
with the other users.

Environment

Environmental benefits include an increased utilization rate of
façades.

User acceptance

The user may not accept to share its façade with other users.

Supply chain
readiness

Supply chain is not yet ready for promoting the asset shared use or
access.

Material savings

Materials savings are present in the shared façades.

User economic
savings

Greater user economic savings in the short-medium term.

BuildHEAT
implementation

The model has not been conceived for the current BuildHEAT
system.
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2.3 Circular recovery models
Circular recovery models aim to transform existing façades into new ones by adding value,
through reducing costs or reducing waste. These models prefer to reuse, refurbish, recycle
materials rather than to extract virgin raw materials. Reverse logistics and regulations may
represent barriers for the models to be fully implemented in the construction industry.

2.3.1 Recapture Material Suppliers
Objective: to sell to be used recaptured materials, components and parts of a façade instead
of virgin or recycled materials.
Drivers

Barriers

•

Materials passports

•

Fragmented supply chain

•

Demolition waste minimised

•

Lack of reverse logistics

•

Reduced extraction of virgin
materials

•

Quality assurance of recaptured
products

•

Larger potential size of secondary
markets

•

Lack of detailed knowledge of
façade history

•

Less environmental burden

Performance

Performance slightly decreases over time.

Environment

Environmental benefits include reuse, refurbish, recycle rather than
extract virgin raw materials .

User acceptance

The materials recapture at the end-of-life doesn’t alter the user
perspective.

Supply chain
readiness

Very few suppliers are ready today to recapture back their
materials.

Material savings

High materials savings are present since materials are recaptured
to sell to be used instead of extracting virgin raw materials.

User economic
savings

User economic savings in the short-medium term.

BuildHEAT
implementation

The model has not been conceived for the current BuildHEAT
system.

2.3.2 Support lifecycle
Objective: to support the lifecycle of long-lasting façades with consumables, spare parts and
add-ons.

www.BuildHeat.eu
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Drivers

Barriers

•

Reduced extraction of virgin
materials

•

Invest in innovation, research and
development

•

Climate, electric and IT-installations
subjected to constant development

•

Lack of standardization of
components

•

Recent partnerships between
various façade system producers
and architects to deliver integrated
façade systems

•

Fragmented supply chain

•

Regulations

•

Lack of detailed knowledge of
façade history

Performance

Performance is maintained constant over time.

Environment

Environmental benefits include the increase of service life by using
consumables, spare parts and add-ons.

User acceptance

The use of consumables, spare parts and add-ons may alter user
acceptance.

Supply chain
readiness

Very few suppliers are ready today support the façades lifecycle.

Material savings

Materials life is supported through consumables, spare parts and
add-ons, thus material savings are present in a second phase.

User economic
savings

Less user economic savings in the short-medium term.

BuildHEAT
implementation

All components shall retain their properties during the overall
service life under normal conditions of use and maintenance such
that the kit conformity is maintained.

2.3.3 Recycling facility
Objective: to transform end-of-life façade into raw materials and to create revenue through
pioneering work in recycling technologies.
Drivers

Barriers

•

Latest technological advancements

•

•

Demolition waste minimised

Invest in innovation, research and
development

•

Reduced extraction of virgin
materials

•

Regulations

•

Quality assurance of recycled
products

•

Client expectation that recycled
products should be cheaper than
new ones

•

Larger potential size of secondary
markets

•

Less environmental burden

•

Materials recovery

www.BuildHeat.eu
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Performance

Performance decreases over time due to the application of this
model at the façade end-of-life.

Environment

Environmental benefits include recycling façade raw materials
rather than extract virgin raw materials.

User acceptance

Façade recycling at the end-of-life doesn’t alter the user
acceptance.

Supply chain
readiness

Few suppliers are ready today to recycle the end-of-life façade raw
materials.

Material savings

High materials savings are present since materials are recycled
instead of extracting new virgin raw materials.

User economic
savings

Less user economic savings in the short-medium term.

BuildHEAT
implementation

Recycled materials have been considered in the system. The
cladding panels contain expanded recycled glass spheres and
another recycled material is considered into the materials selection
for the insulation layer, but then it has been declared not suitable.

2.3.4 Recovery provider
Objective: to provide take-back systems and collection services to recover the embedded
value or energy from disposed products or by-products.
Drivers

Barriers

•

Materials recovery

•

•

Reduced extraction of virgin
materials

Lack of detailed knowledge of
façade history

•

Regulations

•

Demolition waste minimised

•

Demolition faster than disassembly

•

Larger potential size of secondary
markets

•

Fragmented supply chain

Performance

Performance decreases over time due to the application of this
model at the façade end-of-life.

Environment

Environmental benefits include the façade materials recovery value
rather than extract virgin raw materials.

User acceptance

Façade recovery at the end-of-life doesn’t alter the user
acceptance.

Supply chain
readiness

Supply chain is not ready to provide take-back systems and
collection services today.

Material savings

High materials savings are present since materials are recovered
instead of extracting virgin raw materials.

www.BuildHeat.eu
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User economic
savings

User economic savings in the short-medium term.

BuildHEAT
implementation

The fixing system ensures an easy installation and removal
possible for each panel individually. Also, the fixing system assures
an easy installation and removal possible for each panel
individually.

2.3.5 Refurbish and maintain
Objective: to refurbish and maintain façade used parts and components.
Drivers

Barriers

•

•

Higher initial costs for the users

•

International trade barriers that
make it difficult to trade refurbished
products

•

Fragmented supply chain

•

Lack of detailed knowledge of
façade history

Refurbishment addressed by various
national strategies for the energyefficiency renovation of buildings

•

Climate, electric and IT-installations
subjected to constant development

•

Lower energy costs for the user

•

Façade obsolescence

•

Larger potential size of secondary
markets

Performance

Performance slightly decreases over time, until the façade is
subjected to maintenance and refurbishment operations.

Environment

Environmental benefits include maintenance and refurbishment of
the existing façade rather than installing a new one.

User acceptance

Façade maintenance and refurbishment don’t alter the user
acceptance.

Supply chain
readiness

Supply chain is ready today for façade maintenance and
refurbishment also if international trade barriers make it difficult to
trade refurbished products.

Material savings

Materials savings are present since materials are refurbished
instead of extracting virgin raw materials.

User economic
savings

User economic savings in the short-medium term.

BuildHEAT
implementation

BuildHEAT is a refurbishment project of existing dwellings and its
aim is to deliver efficient, reliable, non-intrusive and cost-effective
technologies readily made available on the Demo Cases and
probably available in the future also on the market.

www.BuildHeat.eu
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3 Evaluation of Circular Business Models for BuildHEAT
The evaluation of Circular Business Models for the BuildHEAT system has the objective to
evaluate quantitively, based on the qualitative comments made at the end of each business
model, the following parameters:
•

Performance: +++ performance is constant over time, ++ performance slightly decreases
over time, + performance decreases over time

•

Environmental benefits: +++ high environmental benefits, ++ medium environmental
benefits, + minimal environmental benefits

•

User acceptance: +++ greater user acceptance (the model doesn’t change user
perception), ++ medium user acceptance (the model slightly changes user perception), +
less user acceptance (the model changes completely user perception)

•

Supply chain readiness: +++ supply chain could be ready today, ++ small efforts are
needed for the supply chain to be ready today, + big efforts are needed for the supply chain
to be ready today

•

Material savings: +++ high material savings, ++ medium material savings, + small material
savings

•

User economic savings: +++ greater user economic savings, ++ medium user economic
savings, + small user economic savings

•

BuildHEAT implementation: +++ model has been implemented, ++ model has been slightly
implemented, + model has not been implemented

Circular
Business
Models

Performan
ce

Environme
ntal
benefits

User
acceptanc
e

Supply
chain
readiness

Material
savings

User
economic
savings

BuildHEAT
implement
ation

Total

3.1.1.
Product
and
Process
Design

++

+++

++

++

+++

++

++

16

3.1.2.
Circular
supplies

+

+++

+

++

++

+

++

12

3.2.1.
Lifetime
extension

++

+++

+++

+

++

++

+

14

3.2.2.
Product as
a service

+++

+++

++

+

+++

+++

+

16

3.2.3.
Tracking
facility

+++

++

+++

++

++

+

+++

16
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3.2.4. Sell
and buy
back

+++

+++

++

+

++

++

++

15

3.2.5.
Sharing
platforms

+++

++

+

+

++

+++

+

13

3.3.1.
Recapture
Material
Suppliers

++

+++

+++

++

+++

++

+

16

3.3.2.
Support
lifecycle

+++

++

++

++

++

+

++

14

3.3.3.
Recycling
facility

+

+++

+++

++

+++

+

++

15

3.3.4.
Recovery
provider

+

+++

+++

+

+++

++

++

15

3.3.5.
Refurbish
and
maintain

++

++

+++

+++

++

++

+++

17

3.1 Selection of the most promising models for BuildHEAT
The following models resulted to be the most promising for the BuildHEAT system, by obtaining
a greater quantitative result compared to the others:
1. For the design phase, the most promising model has been 3.1.1. Product and Process
Design, that will be further explored.
2. For the use phase, the most promising models have been 3.2.2. Product as a Service and
3.2.3 Tracking Facility. Since the BuildHEAT system already incorporates a continuous
monitoring technology, it would be interesting to further analyze the 3.2.2. Product as a
Service model.
3. For the end-of-life phase, the most promising models have been 3.3.1. Recapture Materials
Suppliers and 3.3.5. Refurbish and Maintain. Since the BuildHEAT project already presents
as primary objective to be a refurbishment project of existing dwellings, it would be
interesting to further analyze the 3.3.1. Recapture Materials Suppliers model in the next
chapter.
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4 Technical analysis of the most promising models for
BuildHEAT
4.1 Product and Process Design
4.1.1 Introduction
Design for disassembly (DfD) is a growing topic within manufacturing industries as greater
attention is devoted to the management of the end-of-life of products. This need is driven by
the increasing disposal problems of large amounts of consumer goods, and the resultant
pollutant impacts and loss of materials resources and energy that is embodied in these
products. DfD is an intelligent strategy to prevent obsolescence and mitigate economic factors
that encourage destructive demolition and disposal of buildings. (Scottish Ecological Design
Association (SEDA), 2005).
The application of DfD principles allow building products to reclaim their embodied value, by
enabling them to enter the re-life options at high quality. Disassembly of existing buildings
would be much easier if disassembly had been considered at the design stage (Tingley, 2012),
with the effect that building components would get a chance to have multiple lives, and would
drastically extend the life cycle of building components (Durmisevic & Brouwer, 2002).
In general, disassembly needs to be non-destructive to reuse the (sub-) systems, components
or elements without destroying the embodied value (embodied energy and labour) in the
materials. In case of recycling, disassembly may take place in a destructive way in order to
reuse materials. It is not yet standardized in building practice. For that reason, more guidance
is required on how to implement ‘design for disassembly’ within building designs (Beurskens,
P.R.; Bakx, M.J.M., TU/e, 2015).

4.1.2 Barriers
Façade obsolescence
Often designed for only 20 to 30 years, they typically reach obsolescence well before the
building is demolished and replaced. In a circular design model, the façades need to be
extremely durable, so they shall last, not only for their first lifetime, but also when deconstructed
and moved to a different building for their second and third use (KTN, Arup, Frener Reifer).
Materials degradation
The building façades are the most accessible and exposed building element, exhibiting
degradation marks caused by the ensemble of the degradation agents. Moreover, they are the
first parts of the building exposed to air/traffic pollution and to changing weather conditions.
Compatibility with new systems and regulations
Reuse of façade components may be limited by modifications in building regulations and
advances in new façade techniques and materials (KTN, Arup, Frener Reifer). Throughout
their life cycle, all the façades experience changes, e.g. changes in its occupants or their needs
and expectations, renovations and/or extensions, ageing and replacement of components and
systems (Cowan 1963; Brand 1997; Augenbroe and Park 2002).
Few buildings already designed
Façades are designed according to different requirements with disassembly, reusability at the
end-of-life and compatibility with new systems is rarely taken into account; façades should be
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designed in such a way that they can become part of a continuous recovery and reutilisation
process (O. S. Deniz, E. Dogan, 2014).

4.1.3 Opportunities
Automation and robotics
With a modular envelope designed for disassembly, façade components shall be entirely
removed and reused, by employing novel technological processes such as automation and
robotics, to put components in place and deconstructing them after (WSP, 2018).
Smart materials
Through the design of compact façades, the amount of materials can be reduced or a parallel
approach can be the development of a smart building envelop, by using fewer materials but
with better performance (A. Aksamija, 2015).

Equal or lower costs
When designed for circular economy, innovative façades do not have additional initial building
costs, maintenance costs are lower and energy costs can be reduced by approximately 30%
compared with conventional solutions (Y. Kaluarachchi and K. Jones, 2005).
Design for disassembly
Disassembly of existing buildings would be much easier if disassembly had been considered
since the design stage (D. D. Tingley, 2013), resulting in building components which would get
a chance to have multiple lives, and would possibly extend the life cycle of building components
(E. Durmisevic, J. Brouwer, 2002).

4.1.4 BuildHEAT implementation
The BuildHEAT system has already partially implemented the Product and Process Design
model and it is a system customizable with different elements such as commercial active solar
systems, as PV and ST, and passive cladding components. These elements can be easily
disassembled from the building envelope, but further improvements are required for the other
solutions.
The following table explain the implementations of the Product and Process Design business
model in the BuildHEAT project.
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Façade
Element

Picture

Anchoring
element to the
primary
structure.
Stainless steel
adjustable
brackets

Product and Process
Design model
implementation
•

Possible
reuse
of
stainless steel plates.

•

Recyclable at end-oflife.

•

Possible recycling of
screws
and
fixing
elements.

•

Soft insulation
layer fixings
included.
Rock wool
panel – soft
Thermal
conductivity λD 0,035
W/m∙K Fire
reaction - A1
Euroclas
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•

Possible
reuse
if
disassembled
and
reused before the end of
the service life.

•

Recyclable at end-oflife.
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Macro panel
aluminum
frame.
The aluminum
frame of each
macro-panel
is composed
by two
transoms and
two mullions
of identical
sections.

•

Possible
reuse
if
disassembled
and
reused before the end of
the service life*

•

Recyclable at end-oflife.

*Reuse of same module is
difficult due to not standard
dimensions. Reuse could
be feasible after cutting of
elements and it would be
feasible if junctions
between mullion and
transoms are mechanical
and not by welding.

Rigid
insulation
layer fixings
included.

•

Possible
reuse
if
disassembled
and
reused before the end of
the service life.

Rock wool
panel – rigid

•

Recyclable at end-oflife.

Thermal
conductivity λD 0,035
W/m∙K Fire
reaction - A1
Euroclass
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Gaskets.
EPDM or butyl
extrusion
gasket
elements

•

External
finishing
anchoring
system.
Stainless steel
adjustable
anchoring
elements

•

Possible
reuse
of
stainless steel plates.

•

Recycle of screws and
fixing elements.

•

Recyclable at end-oflife.

External
finishing
cladding * Not
specific
product has
been chosen,
the system
allows the use
of different
kind of
finishing
material.

•

Possible
reuse
if
disassembled
and
reused before the end of
the service life*

*Clean EPDM sheet
materials have already can
be reused for down-cycled
rubber products like rubber
mats for playgrounds.

*Reuse of the same module
is difficult due to its
dimensions that are not so
easy repeatable in other
buildings. The reuse could
be feasible after the cutting
of elements.
•
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Recyclable at end-oflife.

Page 19 of 36

PV panel *
Not specific
product has
been chosen,
the system
allows the use
of different
kind of
product.
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•

Possible
reuse
if
disassembled
and
reused before the end of
the service life.
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Solar panel *
Not specific
product has
been chosen,
the system
allows the use
of different
kind of
product.

•

Possible
reuse
if
disassembled
and
reused before the end of
the service life.

In terms of DfD it is
recommended to:
•

Connect the panels in
parallel to allow a
possible disassembly of
the individual Solar
panel;

•

Provide
disassembled
fixings

easily
pipe

* Characteristic of the macro panel system permit a change of cladding function with the same
aluminum frame. In case of different building requirements for the building, during its service
life should be feasible to change the external layer of the system, for example from cladding
to PV.
This business model can further be implemented as a combined strategy by:
1. Including proper documentation of materials and methods for deconstruction of the
BuildHEAT solutions - to be implemented by the BuildHEAT partners
2. Designing the accessible connections and jointing methods to ease dismantling (e.g.
minimizing chemical and welding connections and using bolted, screwed and nailed
connections, using prefabricated and/or modular structure) – partially implemented in
the BuildHEAT system
3. Separating non-recyclable, non-reusable and non-disposal items, such as mechanical,
electrical and plumbing (MEP) systems at the end-of-life
4. Designing simple structure and geometries that allow the standardization of
components and dimensions – partially implemented in the BuildHEAT system

4.1.5 Case study
Name of the project: VitraHaus
Architects: Herzog & de Meuron
Façade partner: Frener & Reifer Srl
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Years of construction: 2007-2010
Location: Weil Am Rhein, Germany
Project description: since the Vitra Campus in Weil am Rhein did not have a suitable indoor
space for the presentation of the new collection of chairs for home, the company commissioned
the architects Herzog & de Meuron to design their showroom named VitraHaus, in 2006. The
intention was not to create a horizontal building, but to create a vertically oriented structure
that provides a compact overview. The landscape surrounded the premises of the company
and especially the collection of chairs for Vitra’s Home.
Façade description: the façade stick system supplied by Frener & Reifer has been subjected
to a design for disassembly test with the aim to identify opportunities and issues for component
and material reuse or recycling, to discover how easy it was to disassemble the units and to
measure how long the disassembly process took. Almost all of the components encountered
in the autopsy could be reused if the design of the new façade would be identical, with the
exception of the double-glazed glass units. All the façade materials, with the exception of few,
resulted to be recyclable at the end-of-life.

Figure 6 - VitraHaus

4.2 Product as a Service
4.2.1 Introduction
Product as a Service model promotes new types of relationships between the façade suppliers
and the final client, through leasing or pay per use models, to enhance the delivery of valuable
performance while limiting the use of materials and other finite resources.
The façade suppliers will have the control over the product during its entire life, by retaining
the ownership of the equipment and by guaranteeing the façade performance with provision
of continuous maintenance and monitoring services.
In this case the client (i.e. the façade user) pays just for the service and he has no more direct
responsibility on the façade management and maintenance.
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On the other hand, the façade supplier will remain the unique façade owner, having the
adequate competences for ensuring a long-term service of the product and delivering
performance with the minimum use of energetic and material resources.
A Product as a Service model differs from the traditional model of products delivering, since
the object of the contract shifts from the façade itself to its performance, as the following
diagram shows.

Figure 7 – Product-Based vs Service delivery-Based model.

4.2.2 Barriers
Higher initial costs for suppliers
The building envelope renovation is characterized by a relatively high initial investment,
associated to a relatively long service life, so operational lease will result in a fast growing
asset part at the suppliers balance sheet and thus strongly and negatively affecting their
solvability and liquidity (H. Ploeger et al., 2017).
Regulations
Façades are subjected to regulatory requirements such as constructive safety rules and real
estate law; currently there may be the limit in reusing building parts as well as difficult
possibilities for service providing.
Fragmented supply chain
A general lack of central coordination in the façade industry shall obstacle this model, with
consequent risks and uncertainties for the client (A. Apine et al., 2016). None of the individual
stakeholders collaborating in the building envelope process has enough power to demand
substantial changes, in terms of practices and methods, from the other parties involved in the
process. A possible exception to this would be the client, who could decide to maintain active
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involvement in the process as a decision-maker, but whose technical knowledge would
generally be insufficient to demand significant structural changes.
Contract uncertainty
In this model ownership is not completely defined. The long lifetime of buildings will reasonably
make it financially difficult for the ‘owners’ of a circular building to retain ownership rights
through for instance leasing solutions (R. van den Brink et al., 2017). Moreover, new types of
contract based on the performance require more resources and involve different types of
actors. The implementation of performance contracts should enhance a new collaboration
between the stakeholders, from the supplier to the designer, the engineer, the contractor and
the client.

4.2.3 Opportunities
Faster building envelope renovations/upgrades
Product-Service System approach to façade design, construction, operation, and renovation
could accelerate the rate and depth of building energy renovations (J. F. Azcarate-Aguerre, T.
Klein et al., 2018). Moreover, the concept of leasing façades generally offers a potential for a
more flexible building stock management. Builders and system suppliers stay involved during
the whole time and are incentivized to select construction methods for optimizing the
performance and minimizing maintenance costs. Possible changes and upgrades, desired by
the client, can be accommodated and technical provisions can be made.
Longer-term performance
The client is paying not for the materials embedded in the façade panels, but for the
performance provided by these to produce comfort through the building’s envelope (J. F.
Azcarate-Aguerre, T. Klein et al., 2018).
New business opportunities for suppliers and long-term interdisciplinary collaboration
The development of new business structures to organize and manage a long-term, ongoing
relation between suppliers of technologies, contractors in charge of delivering product-service
packages, building owners, and end-users can provide benefits to all the involved actors (J. F.
Azcarate-Aguerre, T. Klein et al., 2018). This will need new project consortiums able to manage
complex processes, oriented towards the façades entire life. But a considerable change in their
management structures is needed. The shift from a product delivery towards a service-oriented
industry can open new business fields and higher profit margins.
Clients involvement
A shift towards a more active participation from clients and investors has been recently
recognised. Real estate developers and managers such as Delta Development Group (Scott,
2014), and banking institutions such as ABN AMRO (ABN AMRO, 2014), are taking steps to
improve the long-term health and sustainability of their projects and investments.

4.2.4 BuildHEAT implementation
BuildHEAT project aims to implement the retrofitting of existing façades by using some of the
latest technologies and renewable energy systems present on the market, to improve the
performance of the buildings identified in the Demo Cases.
The façade design has involved a sensitive collaboration between a number of parties with, in
some cases, different financial incentives and commercial interests. In the BuildHEAT model,
partners involved in WP3 have developed the concept design and the initial prototype of the
façade system. The design was then adapted to the Demo Cases by the DC design team for
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supply by industrial partners and installation by local companies. The increasing range and
complexity of building technologies makes it an exemplary product.
However, the companies responsible for developing and supplying these technologies in most
of the cases will play a secondary role during the lifetime of the system and will have no direct
interest in the long-term performance. These products will end up being disposed of at the end
of their service life, resulting in a production of waste and in the loss of valuable components
and materials.
In the current business model of the BuildHEAT system, the ownership of the façade belongs
to the ESCO, in Rome, or to the building owner/facility managers, in Zaragoza. In Rome, during
the first 10 years, the owners will pay a monthly fee to an Energy Service Company (ESCO)
that covers the initial investment cost and energy consumptions; it has to be noted that the
energy consumptions are significantly reduced, approximately by 80%, following the energy
retrofit interventions. The façade will be given back to the apartments owner after the 10 years
contract duration with the ESCO, turning into a traditional model where the users will become
the owners of the apartments. In Zaragoza, the business model is more traditional and
Zaragoza Vivienda (ZAVI), the building owner, will pay for the interventions and will manage
the building afterwards for the whole duration of the building life.

Figure 8 – Traditional purchase or leasing model.
Courtesy from (J. F. Azcarate-Aguerre, T. Klein et al., 2015)

In this chapter, the BuildHEAT system will not be approached as a cradle-to-grave project, in
which materials come at the beginning, are used for a limited amount of time, and are turned
into waste or recycled into raw elements at the end, but as an ongoing process in which
building components are constantly replaced with new and more efficient ones, while the old
ones broken down into smaller parts can be reused to produce other façades.
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The application of the Product as a Service model will be exploited, to ensure a long-term
performance to the façade users/ building occupants and to improve the system in terms of
energy use, carbon footprint, resource consumption and economic gains.
The transition towards this new approach will require an extensive reorganization of incentives
and responsibilities across the partners in the BuildHEAT consortium. The financing will shift
from the users to the suppliers, that in this model will bear the initial investment cost.
Moreover, the façade suppliers will need to introduce performance contracts, and shift from
the sale of products to the provision of services, playing an important role in the economic and
environmental feasibility of both future new constructions and renovations.
By outsourcing the management and upgrade of façade technological systems to the suppliers
responsible for developing them, a faster market uptake of new and more efficient envelopes
will be obtained, while reducing the initial investment requirements of developers and building
owners. Circular industrial loops are also facilitated, as suppliers who retain the ownership of
their products have a significant incentive to extract maximum value from them and to improve
their durability as they reach the end of their service life.
This model is well represented in the diagram below, where the façade suppliers will produce
the façade system while maintaining the central control and ownership. On the other hand, the
user will benefit of the façade performance while paying a fee for the service delivery.

Figure 9 – Product-Service System model.
Courtesy from (J. F. Azcarate-Aguerre, T. Klein et al., 2015)

Façade as a service can represent an important shift towards Circular Economy and the
BuildHEAT system can play a key role in this sense.
This business model can be implemented as a combined strategy by:
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1. Using decentralized, façade-integrated building support systems which replace the
traditional installations running through the existing ceilings and façades of traditional
constructions – already implemented in the BuildHEAT system
2. Installing on the exterior layer of the building envelope all the energy generating
technologies, air-handling systems, electric and communications infrastructure to facilitate
their maintenance and replacement and to actively generate the energy required to control
and monitor the indoor comfort conditions. – already implemented in the BuildHEAT system
3. Including new methods of financing, contracting, and operating these new and highly
complex building systems by supporting the façade suppliers in the shift from products to
service delivery; – to be implemented in the BuildHEAT system
4. Increasing the number of components to be easily disassembled and reused or recycled
in another building envelope (as already analyzed in the chapter on Product and Process
Design); – to be implemented in the BuildHEAT system
5. Promoting high quality production, based on durability and performance rather than on a
lower initial cost; – partially implemented in the BuildHEAT system
6. Incentivizing a long-term, ongoing collaboration between the suppliers of building
technologies and the clients and users whose façades are controlled by the first ones. – to
be implemented in the BuildHEAT system

4.2.5 Case study
Name of the project: Façade Leasing pilot project
Architects: Faculty of Architecture and the Built Environment at TU Delft
Façade partners: Alkondor Hengelo, Alcoa Kawneer, Hueck, Reynards, Sapa, Schüco,
Aldowa, Clauss Markissen, De Haan Westerhoff, Kindow, MHZ, Panelen Holland, Real Capital
Systems, Renson, Scheuten, Schuurman, Somfy, Trox, VML Technologies
Years of construction: 2015-2018
Location: EWI Building at TU Delft, Netherlands
Project description: a consortium made of research and industrial partners ranging from
component to façade suppliers, installed a pilot project temporarily replacing a section of the
façade on a low-rise building at TU Delft, commonly known as the EWI building. This pilot
project acted as a pioneer and collaboration catalyst to further develop the complex system of
leasing façades connected to contracts, financing structures, and operational services required
to turn the research project into a feasible and implementable proposition. In early 2018 the
project consortium has received further funding for the upscaling of this research pilot project
to a large scale practical demonstrator case study.
Façade description: the façade has included the placement of many energy generating
technologies, air-handling systems, electric and communication infrastructure. It can also
include advanced profit-generating elements such as media screens, or air-filtering solutions
such as green façades. All these components on the exterior layer of the building do not only
facilitate their maintenance and replacement, but also enhances the capacity of the façade to
not simply protect the indoor spaces from the weather, but actively generate the energy
required to control and monitor the indoor comfort conditions. Rather than purchase the façade
panels as a product, the client hires the energy performance and user comfort services
delivered to his building by this new façade system.
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Figure 10 – Leasing façade.

4.3 Recapture Material Suppliers
4.3.1 Introduction
A great amount of materials consumption and a significant part of waste production comes
from the building industry, belonging to construction, maintenance and demolition. Moreover,
production of building materials (even those with a high recycled content) consumes a lot of
energy and produces harmful emissions.
Moreover, the increasing demand for building materials is placing great pressure on natural
resources. Raw materials are becoming scarce and more expensive. Material extractors will
have to adapt to this change to avoid reducing their operations and profitability and transform
themselves into materials recapturers.
The efficient use of materials implies that the elements employed into building envelopes
should be used as long as possible regardless of the limitation of the façade service life and
then recaptured by material suppliers to be sell or reused into another building.

4.3.2 Barriers
Fragmented supply chain
Façade suppliers and producers, worldwide, are in general relatively small companies (I.
Cleton, 2015). The Circular Economy requires new types of supply chain collaborations to
implement the recapture of materials and components for façades. Returning the structural
components back to service in the built environment is a rather complex process affecting all
the stakeholders involved in the life cycle. Designers have to consider the new recaptured
materials and carefully plan for deconstruction. Increased demand for coordination and
flexibility in decision making will be needed during construction. Finally, new business areas
can be opened up to provide services for the phase between deconstruction and new building.
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Lack of reverse logistics
The majority of the developed circular strategies cannot be realized within a company’s own
processes or product development. To effectively implement them, the model requires
coordination of material exchange and logistic systems between distinct companies along the
value chain (P. Wells et al., 2005). Often the cost and challenge of reverse logistics prevents
recaptured materials from being reused.
Quality assurance of recaptured products
In some cases, there are significant technical barriers derived from recycling. Industry is
required to invest into research, development and innovation, to create new processes and
products that can be sold into the building supply chain. This can take significant effort and
often increases business risk (Australian Government, 2012). The building façades are the
most accessible and exposed building element, exhibiting degradation marks caused by the
ensemble of the degradation agents (C. S. Pinto Moreno Pinheiro, 2013) Moreover, they are
the first parts of the building exposed to air/traffic pollution and to weather conditions. More
tests on circular materials shall be performed, especially regarding their durability and
reusability requirements after recapturing.
Lack of detailed knowledge of façade history
It is common practice to have architects/engineers design a façade, independently from the
manufacturer who fabricates the façade, and also independently from the general contractor
and subcontractors who install the façade system. What is needed is a data backbone to
connect the building design to the fabrication detailing and installation sequences, providing
useful information to all (Dassault Systèmes, 2014).

4.3.3 Opportunities
Materials passport
Materials passports are essential for the recapture supplier. By referring to a material, product
or system, material passports define their economic value for recovery. For building materials,
material passports can define general characteristics that make them valuable for recovery
such as their design for disassembly, but they can also describe technical specifications of the
material. For example, the connection of a material or product to a building is essential to
understand its value for recovery (H2020 BAMB Project, 2018).
Demolition waste minimised
Construction projects have included waste levels of more than 25% (European Commission,
2018). Through this business model, waste can be reduced and resource value recaptured.
Reduced extraction of virgin materials
Materials and products recapture prevents the loss of valuable materials and reduces the
amount of generated waste (P. Hradil et al., 2014). Enormous potential for adding value while
reducing material inputs can be realized in almost every sector of the building industry.
Larger potential size of secondary markets
The façade materials and components are recaptured by the suppliers and sold again in the
second- hand markets, thus improving their recovery percentage (S. T. Elias-Ozkan).
Recaptured materials and components can be sold on digital second-hand markets where they
are kept out of the waste stream. Value is preserved and created rather than destroyed.
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Less environmental burden
The greatest benefit was identified in environmental aspects as much as in savings on energy,
waste and raw materials. By recapturing and trading waste material resources, the model
allows to preserve the environment. Moreover, these models rely on material recapture being
more cost and time effective than extracting virgin raw material (J. Mercado et al., 2018).

4.3.4 BuildHEAT implementation
The maximization of environmental, cultural and financial value of materials at the end of the
façade’s life has to be considered already in the design or renovation stage.
The BuildHEAT system analysis performed in the deliverable D4.3, on the Life Cycle
Assessment, is focused on the following stages:
i) pre-retrofitting building operation including a detailed assessment of innovative solutions
developed within BuildHEAT Project,
ii) building retrofitting works,
iii) after retrofitting building operation and
iv) the end-of-life phase after building retrofitting.
End-of-life phase is calculated considering the distance to treatment plant and an
approximation of each product feasible treatment. Materials recapturing by suppliers has not
been considered.
The risk related to the end-of-life phase is that the subject that will do the renovation of the
façade or the demolition of the entire building in 20-30 years will not be aware of the valuable
materials still contained in the building envelope and will directly dispose them to landfill.
The BuildHEAT system is composed of the following materials and technologies that present
a different service life, as shown in the table below.
Solution

Partner

Service life

Façade cladding (polymer concrete panels)

ACCIONA

50 years

Anchoring system

HALFEN

50 years

Hybrid Reflecting Coating

MIG

30 years

Insulation layers (Rock wool)

ACCIONA

50 years

Internal insulation layer (PU Foam)

SALIX

50 years

Enerbox Thermal tank and ST collectors

PINK

20 years

Mechanic ventilation HRU machine

AIRRIA

20 years

Elfopack Heat Pump air-air

CLIVET

20 years

PV inverter MCI 1 kWp

CIRCE

20 years

PV modules Zaragoza

ZAVI

20 years

District Automation

SCHNEIDER

20 years

Heat Pump air-geothermal ring (Vaillant)

SALIX

20 years

Heat Pump Air-water

REGENERA

20 years
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*Materials, construction, energy, water and waste treatment costs have been provided by
partners.
In this chapter an alternative business model is proposed to manage the end-of-life of these
materials and technologies, by recapturing them, according to two different scenarios.
In the first scenario, each partner in charge of the BuildHEAT solution, will be responsible at
the end of service life, by recapturing all the valuable materials and by selling them if still usable
or by remanufacturing and employing them in other of their systems. The BuildHEAT partners
possess all the information related to material composition and fabrication of the solution.
Moreover, the partners shall indicate the subject that, in case of impossibility of their
companies, will take the responsibility for the deconstruction of the solution at the end of its
service life. In this case, also the third party will be aware of the system materials composition
and fabrication and will be able to recapture the valuable materials at the end of their lives.
In the second scenario, the BuildHEAT consortium will be responsible of writing a “BuildHEAT
manual for deconstruction and materials recapture”, a summary containing all the technical
information related to the presented solutions, where the end user in 20-30 years will be
capable of transfer the information related to materials composition to the subject deputy for
the façade refurbishment or for the demolition of the building. The risk is that, the identified
subject will not be in possess of the detailed and precise information that the BuildHEAT
consortium has today. In this scenario, the “BuildHEAT manual for deconstruction and
materials recapture” will be given to the end user, responsible to pass the information to the
new subject.
This business model can be implemented as a combined action from different partners of
BuildHEAT consortium:
1. Designers have one of the most important roles in the materials recapture. Their
documentation, drawings and instructions significantly affect the effort needed in the
building deconstruction and the way in which the availability of final design documentation
will be secured for the whole life span of the building, will influence also the materials
recapturing at the end-of-life.
2. Industrial partners purchase primary or recycled raw materials from materials producers
and fabricate the individual components that are needed to assemble the building
envelope. Some of the partners may recapture the materials of the BuildHEAT façade at
the end-of-life, dismantle and re-fabricate the reclaimed elements for new uses.
3. Research centers shall support designers and industrial partners, acting as intermediaries
between them, and other end users and doing more research in the field of materials
recapture, so as to optimize the reverse logistics and the way in which materials are
recaptured at the end of the façade service life.
4. Owners and investors can take advantage of the materials recapturing only when it is fully
supported by the building owner or investor. They need to understand the process and its
advantages and drawbacks. Education and the demonstration of successful cases should
be the way to increase façade owners’ and investors’ motivation. The way materials can
be recaptured shall be maximized so as to increase the usefulness and value of
components at the end of a buildings envelope life.
5. Materials recapturers shall be present in the BuildHEAT consortium to define the strategy
of materials recapture at the end of the building envelope’s life. They shall act as
coordinator of the process and they need to be in possess of all the technical information
related to BuildHEAT solutions. At the end-of-life, they will sell the recaptured materials for
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recycling and reuse. Material will be sorted, graded, batched, and sold back to producers
for recycling.

4.3.5 Case study
Name of the project: People’s Pavillion
Architects: Overtreders W and Bureau SLA
Façade partners: Arup, Govaplast
Years of construction: 2017
Location: Eindhoven, Netherlands
Project description: the challenge of the project was to create a pavilion, with high
architectural quality, from 100% borrowed materials for the Dutch Design Week. After the
festival the building had to be dismantled and all materials returned to their suppliers in their
original state.
Façade description: façade includes colourful tiles made of plastic waste, and components
that will be returned after use. The architects wanted to build the pavilion with recycled
materials, so that they would be used again, and they came up came up with the idea of
borrowing everything they need from material suppliers. The colourful plastic shingles that
covered the top of the building were made from the waste of local residents. By combining a
range of different colours, the team sorted the waste into coloured groups before so that every
shingle had a different colour. The team collaborated with plastic recycler Govaplast to create
the cladding, which they call Pretty Plastic Shingle.

Figure 11 – People’s Pavilion.
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5 Conclusions and future perspectives
The BuildHEAT system is an exemplary model from the technological point of view but more
efforts shall be done to improve the sustainability-related aspects.
1- Façades shall be standardized since the design phase to maximize their reusability at the
end-of-life and to reduce compatibility issues with new systems; they shall be designed in such
a way that they can become part of a continuous recovery and reutilization process. The
envelope need to be extremely durable, so as to last, not only for their first lifetime, but also
when deconstructed and moved to a different building for their second and third use.
Promoting new design approaches which facilitates replacement, upgrade, and reprocessing
of obsolete components within the building envelope, while guaranteeing that removed parts
can be easily reused or recycled for new purposes in an expanding second-hand market is
relevant in the transition towards a circular economy.
Circular design principles can be used to challenge façade contractors and suppliers with multilife cycle thinking concerning planning, design, construction, maintenance, deconstruction.
2- It can be concluded that the application of Product as a Service model in the building
envelope field, is still in an experimental phase since are still many the barriers to deal with.
Taking into account all the considerations made before, it can be said that on one side the
change should be start from the institutions through clear regulations and specific objectives,
and on the other side there is a need to create a new supply chain, in which it is promoted the
collaboration between all the stakeholders.
It is necessary to work and think in a different way, encouraging the use of tools able to provide
reliable data that can be a basis for developing new form of contracts and financing models:
the Life Cycle Cost Analysis can be the tool for obtaining relevant information, providing robust
measurements during the decision process at an early stage and clearly indicating the
economic benefits coming from this model.
3- The growing number of projects successfully shows how components from an old building
or structure can be reused in a new building, thus reducing the environmental impact, but the
communication of such successful cases to the construction practitioners is not sufficient at
the moment. There shall be a fundamental shift in waste management responsibility from the
private waste management industry and local governments towards materials recapturers.
In recent years the responsibility of manufacturers has been extended to cover the entire life
of certain products and this also extends the producers responsibility for the products safe
disposal. As the enforcement of environmental legislation will become more stringent and an
increasing number of customers will demand take-back of their old products, façade suppliers
will begin to focus on possible distribution channels for the return of their products and they
will finally understand the value of the circular approach.
This report has explored different business models, based on the Circular Economy concept,
that can give a valuable contribute to the system, by analysing barriers and opportunities and
by giving strategic guidelines that can give new inputs in these last months of the project.
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