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Glossary
Carbon footprint is a measure of the amount of greenhouse gases expressed in carbon dioxide 
equivalents released into the atmosphere as a result of a product or activities of a particular 
individual, organization, or community.

Circular economy is an economic model, which through closing economic loops aims at op-
timizing resource usage within planetary boundaries, maximizing and retaining the value of 
assets in the economy, and minimizing waste.

Design & Build procurement is a project delivery method in which a single contractor is re-
sponsible for both design and construction, which simplifies project management, often resul-
ting in faster completion and greater cost certainty.

Environmental Product Declaration (EPD) (so-called type III environmental declaration) is a 
certificate, which provides quantitative information on the environmental performance of a 
product throughout its entire life cycle – i.e. from raw material extraction to disposal or recyc-
ling.
Life Cycle Assessment (LCA) is a method for evaluating the inputs, outputs and potential envi-
ronmental impacts of a product or service throughout its life cycle. 

Life Cycle Inventory (LCI) is an analysis that quantifies the elementary flows released into the 
environment during a product‘s life cycle.

Pre-demolition audit is an assessment (both qualitatively and quantitatively) of construction 
and demolition waste streams prior to demolition or renovation of buildings and infrastructu-
res.

Recovery is any activity carried out for the purposes of reclaiming, recycling or reusing waste. 
Recycling is a process where materials are collected, processed and re-manufactured into new 
products or used as a raw material substitute. 

Reuse means using materials or building elements on more than one occasion, either for the 
same or for a different purpose, without the need for reprocessing. 

Secondary materials are recycled materials that can be used in manufacturing processes in-
stead of or alongside virgin raw materials.

Selective deconstruction means the removal of materials from a demolition site in a pre-defi-
ned sequence to maximize recovery and recycling performance.

Waste means any substance or object that the holder discards or is required to discard with the 
following exceptions: (a) uncontaminated soil and other naturally occurring material excavated 
in the course of construction activities where it is guaranteed that the material will be used for 
the purposes of construction in its natural state on the site from which it was excavated and (b) 
waste waters (such as trade effluent disposed of via tankers, foul sewers, surface water drains, 
water courses, etc.).
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Summary
Circular economy brings new opportunities and challenges to the construction sector rela-
ted to circular building design, pre-demolition audits, selective deconstruction, construction 
and demolition waste management, and activities resulting in a more sustainable built envi-
ronment. To tackle these tasks, new competencies must be acquired among architects, engi-
neers, developers, and public authorities. These educational materials present an overview of 
the possibilities of applying the principles of circular economy in the construction industry.

Motivation

The motivation of key stakeholders to implement circular principles is crucial. Pre-demolition 
audits and the subsequent selective deconstructions open an opportunity to reduce costs for 
landfilling or processing of waste produced during building demolition. These steps create an 
opportunity to consider the possible use of materials from the old building on site and reuse 
them in a new building. For these activities, new competencies are required, but circular con-
struction can eventually be an advantage, which results not only in economic benefits but also 
reduced transport costs as well as pollution. As some materials may become unavailable due 
to regional conditions, the use of recycled materials can support the construction project by 
using these materials which are available right on the construction site.

Challenges 

Like any market disruption or innovation, circular construction faces several challenges that 
must be addressed. For example, safety concerns arise when using secondary recycled mate-
rials, and trust in their quality and properties needs to be gained. The perception of a project 
can also be impacted, with sleek and modern designs often preferred over the idea of using 
second-hand materials. Additionally, extended project durations and higher immediate costs 
can deter adoption, even if long-term benefits exist. Insufficient recycling infrastructure further 
complicates logistics, while legislative barriers and political factors add another layer of com-
plexity to implementing circular construction practices. These challenges are addressed in this 
textbook.
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1.	 Introduction

Circular building industry

The circular building industry implements circular principles to optimize resource usage within 
planetary boundaries, maximise and retain the value of assets, and minimize waste. The circu-
lar building industry aims at maximizing the discounted value of environmental, social and 
economic benefits and costs produced in its entire life cycle. It does so by closing economic 
loops and consequently optimizing resource usage, maximizing value retention and limiting 
waste generation.

Circular building design

Circular building design involves the creation, use and reuse of materials, or objects at three 
levels: 

  �buildings (including the spaces and infrastructure around them)
  �building components
  �materials

At the same time, it focuses on minimising the depletion of natural resources and the pollution 
caused by construction and demolition waste and the negative impact on the environment. 

Why do we need circular buildings?

A circular building is designed to optimize the utilization of resources, incorporating recycled, 
renewable and sustainable materials, and to minimize waste throughout its life cycle, from 
construction to demolition. Such buildings are designed to be durable, adaptable and easily 
disassembled, allowing their components to be reused or recycled at the end of their useful 
life or to be repurposed. This approach contrasts with the traditional linear ‚take-make-dispo-
se‘ model which does not consider the threat of depleting primary resources or pollution and 
instead promotes sustainability and the reduction of environmental impact not only during 
construction, but also during long-term operation and possible future reuse.

Who is this textbook for?

This textbook is intended for everyone involved in the construction process. It addresses inves-
tors and developers who shape the project direction, architects who create building concepts 
and visions, and designers and engineers who decide about use of structures and materials. 
It is also aimed at procurement specialists responsible for sourcing material suppliers and 
site managers who influence material handling and waste management during construction. 
Additionally, it considers construction waste experts who ensure efficient waste utilization and 
recycling.
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2.	 Principles of circular building design

2.1.	 Introduction

This chapter will help you develop the practical skills and a broader mindset change needed to 
design circular buildings. Namely:

Shift from Linear to Circular Thinking in Building Design

From the earliest building design stages, it is necessary to develop the ability to critically ana-
lyse existing traditional (linear) building methods and identify resource inefficiencies. Impor-
tance is also placed on developing the ability to identify the potential of material reuse and the 
prolonging of material life cycles, thereby minimizing the environmental impact. You will also 
learn to advocate and apply circular economy principles to your design thinking.

Understand and Apply Circular Economy Strategies in Construction

You will gain practical knowledge with examples of how to integrate circular economy stra-
tegies — such as Design for Disassembly, Design for Flexibility and Adaptability, Design for 
Recycle or Reuse, Modular design, and others — into your construction projects. You will be 
equipped to spread awareness of circular construction practices in your future roles as engi-
neers or architects.

Evaluate and Optimize Building Designs Using Circular Tools

You will learn how the use of digital tools (BIM, Material and Building passports, etc.) and certi-
fication systems could help increase the circularity of projects. You will also be able to evaluate 
projects by using different circular indicators in terms of material efficiency and resource use.

2.2.	 Background information

Understanding circular design strategies is essential to advance sustainability and enhance 
resource efficiency in the construction industry. These strategies allow us to rethink the way 
how we design, build, use and dispose of the products and buildings in an effort to create a 
closed-loop system that minimises waste, optimises resource use and maximises environmen-
tal benefits. This knowledge can be easily applied from the initial stages of construction and 
influence the design of the entire building.

Some tips before you start:
Think about the end result you want to achieve and set goals. It can be difficult to cover all 
aspects of circularity in one project at the same time, in turn you can focus on individual parts – 
adaptability, recycled materials, reuse, or individual parts of the building: load-bearing structu-
re, easily movable partitions, etc.

Don‘t know where to start? Take a look at our checklist at the end of the chapter. 

Note: Taking further courses such as those focused on integrated building design could help 
find out more about sustainable construction, building certification processes and challenges 
to implement circular design among other design approaches.
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2.3.	 Circular design strategies

2.3.1.	 Design for Disassembly 

The main focus of the Design for Disassembly principle is at the end of a building‘s life cycle, 
with an emphasis on assemblies and structural systems. These should be designed to allow 
dismantling at the end of a building‘s life or during refurbishment, with the possibility of reu-
sing their components for other purposes and possibly at other facilities. The following princi-
ples should be considered: 

2.3.1.1.	 Layers

  �Each component must be independent of others.
  �Prioritize the “building in layers” approach. According to the Brand’s concept of “Shearing 

layers”1 buildings are seen as consisting of distinct layers that can change independently of 
each other. This concept can be illustrated graphically as follows: 

Figure 2.1 – Brand‘s shearing layers of change.

This means that these layers can transform at their own pace without affecting each other. For 
instance, a building‘s structural integrity typically lasts about 50 years, while certain building 
services require replacement every 10 – 20 years. As a result, components such as heating, 
ventilation, and air conditioning systems need to be easily accessible for quick replacement 
or repair. Using prefabrication and modularity principles, dry connections make constructions 
easily assembled or disassembled. 

1	 S. Brand, How Buildings Learn: What Happens after They’re Built. New York: PenguinBooks, 1995.

  structure 50–100 years
  skin 25–50 years
  services 15–25 years
  space plan 5–15 years 
  stuff 0–5 years

  site ∞ years
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2.3.1.2.	 Standardization

  �Implementation of standardisation of dimensions for the elements of the building – the 
height, the distance between the bearing walls, spans, etc. 

  �Simplicity should be prioritised in design, e.g., finishes or finished repairs should be avoided 
before occupancy, especially if different tenants will own the building.

  �Use business models that promote reuse and circular economy principles.

Example: Circle House Demonstrator in Copenhagen, Denmark 

Circle House Demonstrator is a 1:1 model of a family house and exhibition space where all buil-
ding layers, materials and products are presented and described. The Demonstrator is built 
on the principles of circular economy and sustainability. All components of the building, from 
structural elements to furniture, are designed according to the C2C and Design for Disassem-
bly principles. The entire structure is made of prefabricated parts, the use of which not only 
allows for assembly without a wet process but also for great variability. The house structure 
was built on-site very quickly, it took a total of about an hour for the walls to be built and for the 
assembly of the next floor to begin. For example, the Demonstrator concrete columns were 
already dismantled and reused in the final Circle House project. 

Figure 2.2 – Circle House Demonstrator2

2	 �GXN 3XN. Circle House Demonstrator. How do we build for a circular future today? Available online: https://
gxn.3xn.com/project/circle-house-demonstrator
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Example: Temporary pavilion of the Museum of Modern Art in Warsaw
The Museum of Modern Art has been occupying the pavilion on the Vistula River, since 2017 
until 2024, when the museum was moved to its final location. This temporary facility was lent 
to the museum free of charge by the Thyssen-Bornemisza Foundation. Previously, in the years 
2008–2010, it was used to present art at the Castle Square in Berlin. 

The pavilion has a structure that allows it to be quickly assembled and dismantled. The Aus-
trian architect Krischanitz opted for a structure made of ready-made wooden elements, filled 
with mineral wool on the inside and stiffened with fiber-blended cement boards on the outsi-
de so that the building could be built in a shell in just three weeks. The exterior of the building 
was designed to be used by artists as a canvas.3

Figure 2.3 – Temporary pavilion of the Museum of Modern Art in Warsaw4

Benefits and challenges: By prioritizing these disassembly principles, benefits will be presen-
ted in minimizing carbon emissions, reducing material extraction over time, facilitating the 
reuse of building components in the future, and reducing costs throughout the life cycle of the 
building.

By implementing this design strategy, it is recognized that more materials might be required 
due to the use of different approaches to build the structure or a different method of connecti-
on between components, resulting in a correspondingly higher initial investment and a greater 
environmental impact. However, this approach seeks to optimize the life cycle of the building, 
which will result in long-term benefits such as reduced waste and an overall environmental 
impact which will outweigh the initial costs.

3	 �„PAWILON MUZEUM NAD WISŁĄ ZAPROJEKTOWANY PRZEZ ADOLFA KRISCHANITZA DLA TEMPORÄRE 
KUNSTHALLE W BERLINIE.“ Přístupné: 1. prosince 2023. [Online]. Dostupné online: https://artmuseum.pl/pl/
doc/pawilon-projektu-adolfa-krischanitza

4	 �Temporary pavilion of the Museum of Modern Art in Warsaw. Photo from the online source. Available online: 
https://artmuseum.pl/en/muzeum
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2.3.2.	 Design for Adaptability and Flexibility

Flexible design allows a building to adapt over time and meet the changing needs of users. The 
ability to adjust and change design elements ensures that the building remains functional and 
up-to-date even as operational requirements change, preventing it from becoming obsolete 
or irrelevant. This strategy may include the following principles:

  �Design multifunctional spaces using active flexibility in spaces, such as the use of movable 
partitions or other elements.

  �Use modular design and divide the building into modular components that can be easily 
rearranged or replaced as needed, allowing for flexible spatial configurations.

 � Focus on spaciousness or expandability – e.g. large floor-to-ceiling heights and high-per-
formance office spaces. This can include consideration of very fundamental design options, 
e.g. a circular building can easily be made larger or smaller by adding or removing a bay.

  �Design accessible infrastructure by including accessible service routes and flexible utility 
connections to facilitate future modifications or upgrades. 

  �Implement principles of resource-efficient maintenance, repair, and flexibility in the use of 
space and systems.

  �Consider Reversibility – Reversible buildings by design eliminate waste by using parts, which 
can be simply added and removed without damaging the building or its products, compo-
nents or materials. 

Example: Сan manufacturing facility transformation
The 1920s warehouse manufacturing facility became the basis for a bold transformation of the 
workplace for an emerging media company. What was once an industrial space defined by 
rigid machinery and production lines was reimagined as a dynamic environment where crea-
tivity and collaboration could flourish.5

At the heart of this transformation were the principles of flexible office design. This approach, 
sometimes referred to as multi-spatial or activity-based working, adopts adaptability as its core 
philosophy. Modular furniture is easily moved to meet the changing needs of the team. Movable 
partitions instantly change the space. Technology integrates seamlessly, allowing the workpla-
ce to evolve without limitations. Flexibility is no longer an afterthought – it is embedded in the 
very fabric of design. Meeting areas expand and contract depending on the needs of employe-
es. 

Benefits and challenges: Adaptive design reduces waste, conserves resources, and mitigates 
the environmental impacts associated with new materials and buildings. However, it is consi-
dered that applying the principles of flexibility may result in additional costs at the design st-
age. For example, additional materials may need to be used as well as additional consultation 
to accommodate this flexibility. For this reason, it is essential to involve architects and planners 
from the conceptualization and design stages to develop an effective solution that meets your 
objectives and budget. In the long perspective it contributes to lower operating costs and ove-
rall carbon footprint throughout the life span of the building as it reduces the need for major 
refurbishments or the construction of new spaces because they will be able to adapt to new 
needs. 

5	 �FORMASPACE CONTRACT FURNITURE. The Flexible Office Is the New Trend?, 2019. Available online: https://
formaspacecontract.com/articles/commercial-interiors-trends/the-flexible-office-is-the-new-trend/
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Figure 2.4 – Example of adaptable design6

2.3.3.	 Design for Durability

In the context of the built environment, sustainability implies designing buildings and building 
components that are built to last and can stand the test of time. The principles outlined here 
apply to all phases of the building life cycle, as they minimize repairs from the first design pha-
ses and continue throughout the life of the building. 

  �Use durable materials, giving preference to those with a long lifespan, and use reliable con-
struction methods and materials.

  �Consider the resilience issues and resistance of materials to weather conditions, e.g., the 
roof and building envelope should be designed to withstand wind, rain, and temperature 
fluctuations, excluding possible corrosion and damage.

  �Use of appropriate maintenance provisions – from the initial design stage develop a suitable 
and uncomplicated maintenance strategy. This should include the use of condition moni-
toring.

Benefits and challenges: By prioritizing durability in building design and construction, com-
panies can reduce the need for frequent repairs, replacements, and renovations, which can 
help to reduce waste and conserve resources. Additionally, durable buildings and building 
components can be easily repurposed, reused, or recycled at the end of their useful life, further 
promoting circularity in the construction industry. 

Durability can also help improve the overall quality of the built environment by ensuring that 
buildings are safe, functional, and comfortable for occupants or tenants. Durable buildings and 
building components can withstand extreme weather conditions, natural disasters, and other 
hazards, which can help protect the occupants and prevent damage to the built environment.

As with the previous types of design, it should be considered that this design strategy may 

6	 Atelier D, Fsv CTU in Prague. Available online: https://media.cvut.cz/cs/foto/20170202-atelier-d-na-fakulte-
-stavebni
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require more materials or they could be more expensive due to improved properties, resulting 
in a corresponding increase in the initial investment and greater environmental impact in the 
initial phase. However, this approach focuses on long-term benefits and on optimizing and ex-
tending the life cycle of the building or its individual components, which will outweigh the ini-
tial costs in the future and reduce costs during its operational stage.

Example: Farnsworth House in Plano, Illinois
The Farnsworth House7 was designed with durability in mind, particularly because of its loca-
tion in the Fox River floodplain. Built between 1950 and 1951, the house is elevated on stilts to 
reduce the risk of flooding.

To ensure its long-term preservation, designers analysed past flood data, including the 1996 
flood, which exceeded the 100-year flood level by two feet. Based on this information, it was de-
termined that the house should be raised to the safest possible elevation of nine feet to prevent 
future damage, given the possibility of even higher floodwaters.
By changing the elevation of the house, the Farnsworth House can better withstand extreme 
weather events while maintaining its architectural integrity. 

2.3.4.	 Modular design

Another principle closely bordering the principle of Reuse and Disassembly is Design for Mo-
dularity or Modular design, in which a system is divided into smaller parts called modules 
(from prefabricated structural elements to individual cells – rooms of an apartment) that can 
be independently created, modified or easily interchanged to other modules or between dif-
ferent systems.

Modular construction offers numerous benefits, starting with the speed of construction, which 
can deliver projects 30–50% faster than traditional methods by allowing off-site construction 
and on-site work to take place simultaneously, free from weather delays. The off-site constructi-
on process ensures better quality control, less disruption on site and minimal disruption to 
businesses or schools, as 80% of the activity takes place off-site. In addition, modular buildings 
are known for their high-quality construction, with materials protected from weather damage, 
ensuring durability and improved insulation, soundproofing and energy efficiency.

Example: Primary school building extension in Petrovice, Czech Republic
This case study is an example of the use of a modular construction process. An originally mo-
dular primary school needed more space for its growing number of students so 2 extra classro-
oms were attached to the building. The modular method allows a quick and easy construction 
or expansion of prefabricated standardized sections of buildings (modules) ensuring flexibility 
and adaptability with a design focused on reuse right from the start.

7	 Illinois: Farnsworth House. Available online: https://www.buoyantfoundation.org/illinois-farnsworth-house
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Figure 2.5 – Modular primary school8

2.3.5.	 Design for Reuse 

Design for Reuse. The main focus of this strategy is reusing materials. An example could be 
to design a building, specifically its individual components, so that they can be reused – if, for 
some reason, the building needs to be relocated, rebuilt in a different location, or a completely 
different building can be constructed from some of its existing components. Or, when con-
structing a new building the reuse of a previously developed site or brownfields can be consi-
dered. 

2.3.6.	 Design for Recyclability with Recycled and Recyclable Materials 
 
Note: The terms „recycled material“ and „recyclable material“ are used to describe distinct 
aspects of the recycling process and the utilisation of materials throughout it.

Recycled materials are products that have been previously used and have undergone the re-
cycling process to be reused or repurposed in new products and converted back into new ma-
terials or components that can be used again.

Example: Concrete aggregates (recycled material) are produced by crushing concrete waste 
and will be used in the manufacture of new concrete. 

The term „recyclable materials“ is used to describe products or raw materials that are ca-
pable of being recycled. These are materials or products that are collected with the intention 
of  undergoing processing and conversion into new materials at the conclusion of their de-
signated lifespan.

8	 KOMA modular. School Expansion in Prague-Petrovice, 2018. 
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Example: A timber load-bearing structure that has reached the end of its service life will even-
tually be conveyed to a recycling facility, where it will be transformed into new products, such 
as an OSB desk.

Using Design with Recycled Materials and Design with Waste make a major contribution to 
reducing the consumption of primary resources by reusing previously used materials or diver-
ting waste from different sectors – construction, industries or municipalities – to create new 
innovative building materials.

Example: Using construction products and materials such as alternatives to cement or aggre-
gate in concrete or recycled asphalt pavement. Or when designing, using materials such as 
reclaimed wood, recycled steel, recycled glass and recycled plastic to create new products.

To be recyclable, the building must be designed with future dismantling and reuse of materials 
in mind. Key principles include:

 � Prefer recyclable materials – use wood, metal, glass, brick, eco-friendly insulation.
 � Prefer modular or prefabricated construction – design demountable elements and bolted 

joints instead of glued joints.
  �Minimise waste – optimise construction, build in layers and do not use unnecessary finishes.
  �Use of selective demolition – disassemble the building on a material-by-material basis for 

reuse instead of area demolition. More information can be found in further sections. 

Example: Office building Mercury as Example of (Re)molition, Prague, Czech Republic.9
The Mercury office building is the first office building in the Czech Republic to be built ac-
cording to the principles of circular economy. A new Mercury building will be constructed by 
reusing and recycling materials from its predecessor and will stand in its place. In line with the 
philosophy of sustainable development, the previous building was carefully dismantled piece 
by piece and material by material – from the cladding to the load-bearing structures – so that 
as many materials as possible could be returned to the loop. This process of (Re)molition, as 
the company calls it, instead of demolition, will save up to 12,000 tons of concrete, which will be 
recycled further. Much of the material will be used directly in the new Mercury building, while 
some will be used in other company projects.

9	 �Skanska. Mercury will become the first Czech office building developed applying the circular economy prin-
ciples. 2023, Available online: https://www.skanska.cz/en-us/Expertise/development/commercial-develop-
ment/projects-in-pipeline/mercury/mercury-story-cz/
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Figure 2.6 – Previous building and current state9

2.3.7.	 Buildings as Material Banks

It is important to reuse individual building elements or materials at the end of their life. Instead 
of becoming waste, buildings can act as banks of valuable materials, so that the proportion of 
construction or demolition waste and the use of primary resources can be significantly redu-
ced.

One of the first to promote this idea was the Horizon 2020 Buildings as Material Banks (BAMB) 
project. In this design, the idea of a „Building as a Material Bank“ was interpreted in the directi-
on of recycling to ensure that the elements are recyclable or reusable. Within the framework of 
this BAMB project, a pilot project, „New office building“, was designed.10 The office building was 
constructed in Essen near the industrial complex of the Zeche Zollverein coal mine. The con-
cept of the interior space allows the building to be converted into different uses. The building 
can either remain an office with different zoning, or it can become a hotel. Using the circular 
design aspects of the project, in the pilot case study 4,641 tonnes of waste were diverted from 
landfill, 91 tonnes of waste were not incinerated, and a further 12,108 tonnes of material could 
be recycled into products of the same quality. 
 
Such projects show us that the same circular strategies can operate at different scales – not 
only at the building level but also at the product level. As all the above-mentioned strategies 
are applicable during building design, the designers and building contractors can choose buil-
ding products, which are designed to be circular and low carbon. For example, durability-orien-
ted design can focus directly on materials, which involves selecting high-performance and du-
rable materials (such as steel or concrete) whose life cycle extends beyond that of the building, 
reducing the need for frequent replacement and minimizing waste generation. It can also be 
considered holistically at the building level and includes the development of appropriate and 
straightforward maintenance strategies. At the same time, circular design strategies have ano-
ther goal that positively impacts sustainability: designing buildings and infrastructure to mini-
mize net operating costs such as energy, water, and air quality.

10	 Buildings As Material Banks (BAMB2020). Available online: https://www.bamb2020.eu/
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2.4. Circular Indicators: Certification and Legislation

Circularity in the construction industry can be considered from the perspective of the whole 
building, but also from the perspective of the individual materials used in its construction. For 
this reason, the focus of this section will be on tools that certify both – products and buildings. It 
should be noted that there are many ways to assess and certify the circularity of buildings and 
its parts. The most common certification systems and frameworks are presented in Figure 2.7
Certification systems

LEED

SBToolPT

SBTool
Verde

BREEAM

Protocolo
ITACA

SBToolCZ

DGNB

HQE
CASBEE

Cradle to Cradle

Level(s)

Environmental Product 
Declaration (EPD) 

Figure 2.7 – Leading Circular Assessment Certification Schemes for Buildings and Products.

2.4.1.	 Cradle-to-Cradle 

Launched in 2005, the C2C Certified Products programme is based on the Cradle to Cradle 
Certified Product Standard11. Its primary purpose is to assess the biological and technical re-
cyclability of products – circularity aspects, their safety and the responsibility of materials and 
products in five sustainability performance categories: Material Health, Product Circularity, 
Clean Air & Climate Protection, Water & Stewardship, Social Fairness. The Cradle to Cradle Cer-
tified™ certification is awarded to products that meet these criteria and receive a Bronze to 
Platinum rating in all 5 parameters. The presence of this certificate for the material or product 
is also recognised when the building is assessed under sustainability certification schemes 
such as LEED (Leadership in Energy and Environmental Design), BREEAM (Building Research 
Establishment Environmental Assessment Method) and others. Credits are awarded based on 
this, which influences the final score. 

11	 Cradle to Cradle Products Innovation Institute Inc Available online: https://c2ccertified.org/the-standard
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2.4.2.	 Level(s) 

Level(s) is a widely recognised European framework that provides a common language for 
assessing and reporting the sustainability performance of buildings12. In addition to sustainabi-
lity, this framework provides a simple starting point for embedding circular economy principles 
into the environment we create. It is a well-established system that can be applied to different 
types of buildings, such as homes or offices, to assess and drive improvements throughout the 
life cycle, from the design phase to the end of a building‘s life. 

Level(s) uses basic sustainability indicators such as the assessment of carbon emissions (indi-
cator 1.2. Life cycle Global Warming Potential), health and comfort factors and the impact on 
climate change over the whole life of the building. It also includes relevant circular economy 
indicators such as ‚resource efficient and circular material life cycles‘. This part helps assess the 
use of materials through a Bill of Quantities (BoQ) and identifies the approximate durability 
and lifetime of the materials and products used in relation to the expected life of the building. 
The total amount of construction or demolition waste could be assessed (indicator 2.2. Con-
struction & demolition waste and materials). It could also be assessed how well the design of 
the building could withstand future adaptation, possible renovation or how easily it is disa-
ssembled (indicators 2.3 Design for adaptability and renovations and 2.4. Design for decon-
struction, reuse and recycling). 

For the most up-to-date version, please refer to the official website. 

2.4.3.	 LEED 

Another sustainable building certification scheme that includes circular indicators is LEED. 
Leadership in Energy and Environmental Design is a globally recognised green building certi-
fication system developed by the United States Green Building Council (USGBC)13. It provides 
a comprehensive framework for evaluating the design, construction and certification of sustai-
nable buildings, spaces and even neighbourhoods, cities and communities. 

The rating manual provides credits and requirements to help assess the circular aspects of buil-
ding design. Within each criterion, step-by-step guidance is provided on how to successfully 
achieve the highest score. For example, the credit that assesses construction and demolition 
waste (CDW) requires the development and implementation of a CDW management plan 
through waste prevention and/or diversion. At least 50% diversion of CDW must be achieved. 
More specific steps are described and explained in more detail throughout the LEED hand-
book online at their websites according to the actual version.

For example, ensuring storage and collection of recyclables to reduce municipal waste to lan-
dfill, reusing buildings and materials, using the Environmental Product Declaration with all 
the necessary information about the product and using only responsibly sourced materials, or 
whether flexible design principles have been implemented, etc. Special attention is also paid 
to water management to reduce water consumption. 

For the most up-to-date version, please refer to the official website. 

12	 �European Commission, Level(s). European framework for sustainable buildings. Available online: https://en-
vironment.ec.europa.eu/topics/circular-economy/levels_en

13	 �USGBC, LEED v4.1 Building Design and Construction, 2021.
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2.4.4.	 BREEAM 

BREEAM is the world’s leading science-based validation and certification system for a sustai-
nable built environment.14

Since 1990, BREEAM’s third-party certified standards have helped improve asset performance 
at every stage, from design through construction, to use and refurbishment. Millions of buil-
dings across the world are registered to work towards BREEAM’s holistic approach to achieve 
ESG, health, and net zero goals. It is owned by BRE – a profit-for-purpose organisation with over 
100 years of building science and research background. 

The certificate includes several sections, each of which includes a different number of evalua-
tion criteria. Points are awarded according to the degree to which specific sustainability and 
circularity criteria are met in the relevant section. These accumulated points form the basis 
of the BREEAM assessment process. 

Strong alignment with and support for circular economy principles can be found in nearly eve-
ry section of the certificate. This alignment is particularly evident in the Materials, Waste and 
Water sections. Here, the core principles of the circular economy are prominently integrated 
into the assessment criteria, such as designing for durability and resilience, which encourages 
to rethink the traditional design approaches; material efficiency, where a higher score will be 
obtained for more efficient and smaller amounts of material used for building construction; 
waste management, recycled aggregates, site selection and other assessment criteria. 

For the most up-to-date version, please refer to the official website. 

2.4.5.	 SBToolCZ 

SBToolCZ is a national Czech certification tool for expressing the quality level of buildings, in 
accordance with the principles of sustainable construction15. The certification process was offi-
cially introduced and launched in June 2010. 

The objective of certification by the SBToolCZ methodology is the provision of a reliable certi-
ficate of compliance of the construction with legislative requirements and with the principles 
of sustainable construction. 

The SBToolCZ includes key indicators that support the implementation of a circular econo-
my in building projects. These indicators assess the flexibility of a building’s structural, spatial, 
and operational design, ensuring adaptability for future needs. For example, the tool evaluates 
whether most structures are demountable and reusable, the proportion of renewable, recyc-
led, or locally sourced materials in the building’s total weight, and the management of con-
struction and demolition waste. It also considers whether waste will be landfilled or recycled 
and ensures that all related documentation complies with the EU Protocol on Construction 
and Demolition Waste Management.

For the most up-to-date version, please refer to the official website. 

14	 BREEAM, BREEAM International New Construction 2016 – Technical Manual, 2016.
15	 SBToolCZ, 2022. Available online: https://www.sbtool.cz/online/
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2.4.6.	 �ISO 20887:2020. Sustainability in buildings and civil engineering works — Design for 
disassembly and adaptability — Principles, requirements and guidance.

This document outlines the framework for Design for Disassembly and Adaptability (DfD/A) 
principles, highlighting key considerations for various stakeholders, particularly designers. It 
provides guidance on assessing performance in relation to each DfD/A principle and objective 
without prescribing specific performance levels.16

The adaptability principles include versatility (accommodating different functions with minor 
system changes), convertibility (modifying to meet substantial user needs), and expandability 
(allowing significant additions in space, features, or capacity). The disassembly principles focus 
on ease of access to components and services, independence, minimizing unnecessary tre-
atments and finishes, supporting circular economy models, enhancing simplicity, standardiza-
tion, and ensuring safe disassembly.

For the most up-to-date version, please refer to the official website. 

16	 �International Organisation for Standardisation., ISO 20887:2020. Sustainability in buildings and civil engi-
neering works — Design for disassembly and adaptability — Principles, requirements and guidance.
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2.5.	 Digital technologies to enhance circular implementation

The integration of digital technologies is a powerful driver of the circular economy in the con-
struction industry. The key to this transformation is the digital technologies‘ ability to provide 
and pass accurate information on product availability, location and condition, helping to slow 
down and close material loops, thus promoting circular economy business models. Digitaliza-
tion also makes it possible to optimize circular business models, reduce waste, extend product 
life cycles, and lower transaction costs. 

The digitalization of processes in each design phase of building construction is often integra-
ted through Building Information Modelling (BIM) as the most commonly used tool. 

Another approach to collecting and storing information about the building, especially its com-
ponents, was defined by developing Material and Building Passports. They can take the form 
of a digital presentation on an online platform linked to a database or a manual record of mate-
rials. These records encompass important details such as material composition, environmental 
impacts, and supply chain information.

Other digital technologies, such as Artificial Intelligence (AI) or Blockchain, enable innovative 
ways to increase traceability and transparency throughout the product life cycle. By collecti-
ng valuable usage data, smart and connected products allow manufacturers to continuous-
ly track, monitor, analyse and optimise product performance. An important potential area of 
application for AI and robotic learning technologies is at the end of the life cycle of a building. 
In the construction industry, these technologies are already being used to develop a machi-
ne learning process for the detection and classification of construction and demolition waste 
(CDW) fragments. This helps to make deconstruction easier, more efficient and reduces the 
time it takes to dismantle.

Digitizing the real-time location of items using a Geographic Information System (GIS) incre-
ases the real-time availability of items, which greatly improves the ability to collect, recover, 
recycle, and dispose of end-of-life items. This way, a Material Cadaster can be created and can 
operate at a local or regional level. It provides an overview of the type, quantity and condition 
of materials used in a given area and serves as a basis for mapping the dynamics of material 
use in the residential environment of a city or region. This can be used to define „circular“ buil-
ding strategies in cities and regions to predict maintenance status, extend the life of both the 
whole building and individual components, and use materials for new construction. Finally, 
understanding product availability facilitates the creation of sharing scenarios through digital 
platforms and marketplaces, ultimately improving recycling practices.
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2.6.	 Key Notes

Design for disassembly

The building could be easily dismantled at the end of life or during renovation, with the possi-
bility of reusing their components for other purposes and potentially other facilities

Main principles:

  �building in layers
  �enhancing simplicity
  �minimizing unnecessary treatments 
  �standardization 
  �ease of access to components
  �safe disassembly

Modular design

Modular structures can be created independently, modified or easily swapped with other mo-
dules or between different systems.

Main principles:

  �standardization 
  �safe and quick assembly and disassembly
  �better quality control, less disruption on site

Circular indicators

  �The total amounts of material used for building construction (kg/t)
  �The total amount of construction or demolition waste (kg/t)
  �Diversion of CDW from the landfills (%)
  �Use of recycled/ renewable/ reuse/ locally sourced materials aggregates (%/kg)
  �Creation of CDW management plan	
  �Design assessment (ease of disassembly etc., future adaptation, flexibility of a building’s 

structural, spatial, and operational design)
  �Alignment with EU Protocol on Construction and Demolition Waste Management
  �Use of certified products or EPD (Environmental Product Declaration)

Design for Adaptability and Flexibility

The flexible design allows the building to adapt over time as operational requirements change 
and meet the changing needs of users, preventing it from becoming obsolete or irrelevant

Main principles:

  �versatility 
  �convertibility 
  �expandability 



Circular principles in building construction 25

Design for Reuse

The main focus of this strategy is reusing materials, building materials or previously developed 
sites, extending their lifespan and preventing using raw sources. 

Design for Durability

Designing buildings and construction components that are built to last and can stand the test 
of time.

Main principles:
  �use of durable materials
  �consider resilience issues and resistance of materials
  �prolong the lifespan
  �use the appropriate maintenance provisions

Design for Recyclability and Design with Waste

The main focus is on reducing the consumption of primary resources by recycling materials 
or diverting waste from different sectors – construction, industries or municipalities – to create 
new innovative building materials.

*Remember the difference between Recycled and Recyclable materials.
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2.7.	 Circular checklist*1

*	 This checklist is designed for printing

Intent Design Procurement Construction
Operation 

and maintenance
Deconstruction

Circular principes

  �Before starting to prepare a new project stage, it is necessary to identify the interme-
diate and final objectives and their corresponding circular principle focuses

  �Analyze the National circular economy policies
  �Implement new circular business models or rethink the existing ones

  �Raise awareness of current principles of the circular economy for the team and stakeholders
  �Consider using building certifications such as SBTool, LEED, etc., and individual criteria which will help to identify 

the gaps and implement circularity

Construction 
and materials

At the initial stage, it 
is worth identifying 
several areas of cir-
cular economy prin-
ciples to  maximize 
their implementati-
on

Apply at least one of these design strategies:
  �Design for Disassembly 

Design for Adaptability and Flexibility
Design for Durability 
 
Or the individual principles of the 9R framework:
  �Refuse (building new and using existing instead)
  �Rethink (previous approaches, space zoning, integration of more 

functions to the elements)
  �Reduce (waste, primary sources, unnecessary elements)
  �Reuse (existing products, parts of the building, prefer materials 

with high reuse potential)
  �Repair, Refurbish, Remanufacture (prolong the lifespan of building 

components, promote the reconstruction of a building instead of 
demolition)

  �Repurpose (the existing buildings)
  �Recycle (prefer products with recycled content for example 

concrete with recycled mixed aggregate and with high recycling 
potential)

  �Recover(energy recovery/composting)
  �Prepare the Operation and Maintenance plan including technical 

guidance for refurbishment
  �Prefer lean manufacturing and cleaner production of materials
  �Prefer durable materials 
  �Use digital material passports
  �Prefer biobased materials that can be composted at end-of-life
  �Consider a biobased or wooden solution for construction.

  �Appoint a contract manager 
who is motivated to implement 
circularity 

  �Prefer local materials
  �Consider the possibility of using 

waste/recycled materials from the 
surrounding area

  �Identify suppliers that may be 
most relevant at each subsequent 
stage and discuss new models 
or products that support circular 
manufacturing concepts 

  �Prefer manufacturers with take-
back schemes experience or ex-
tended producer responsibilities. 

  �Give preference to a local supply 
chain

  �Organize the pre-procurement 
consultation

  �Prepare a circular procurement 
plan with  definition of the aim 
that is relevant to your project

  �Define requirements for the use 
of biobased products. In case of 
wooden products, certificates 
such as FSC and PEFC can be 
requested.

  �Prefer easily dis-
mantled structural 
elements (precast 
concrete elements 
with removable 
joints) 

  �Prepare a waste 
management plan 
for construction and 
separate construc-
tion waste on the 
site.

  �Prefer use of prod-
ucts and materials 
from suppliers, who 
can take back the 
unused products.

  �Consider the use of 
biobased products 
from the construc-
tion site or enable 
their use for the lo-
cal community (e.g., 
wood from cut trees, 
grass).

  �Use the Operation 
and Maintenance 
plan, which includes 
technical guidance 
for needed refurbish-
ment, maintenance 
of wooden and bi-
obased products

  �Prepare a pre-demo-
lition audit and create 
a demolition plan.

  �Consider the use of 
dismantled materi-
als and products on 
other sites

  �Use a selective 
approach for the dis-
mantling of products 
and materials.

  �Follow the waste 
management hier-
archy and prefer the 
use of dismantled 
products on other 
sites. It is also possible 
to use local business 
models for reusing or 
recycling of CDW.

  �Refuse to demolish 
the building at the 
end of its useful life so 
the existing structure 
could be reused for 
new purposes

  �If applicable, consider 
use of waste man-
agement to enable 
recycling close to the 
nature (e.g. compost-
ing of waste plants, 
energy recovery using 
biogas plant)
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Intent Design Procurement Construction
Operation 

and maintenance
Deconstruction

Circular principes

  �Before starting to prepare a new project stage, it is necessary to identify the interme-
diate and final objectives and their corresponding circular principle focuses

  �Analyze the National circular economy policies
  �Implement new circular business models or rethink the existing ones

  �Raise awareness of current principles of the circular economy for the team and stakeholders
  �Consider using building certifications such as SBTool, LEED, etc., and individual criteria which will help to identify 

the gaps and implement circularity

Construction 
and materials

At the initial stage, it 
is worth identifying 
several areas of cir-
cular economy prin-
ciples to  maximize 
their implementati-
on

Apply at least one of these design strategies:
  �Design for Disassembly 

Design for Adaptability and Flexibility
Design for Durability 
 
Or the individual principles of the 9R framework:
  �Refuse (building new and using existing instead)
  �Rethink (previous approaches, space zoning, integration of more 

functions to the elements)
  �Reduce (waste, primary sources, unnecessary elements)
  �Reuse (existing products, parts of the building, prefer materials 

with high reuse potential)
  �Repair, Refurbish, Remanufacture (prolong the lifespan of building 

components, promote the reconstruction of a building instead of 
demolition)

  �Repurpose (the existing buildings)
  �Recycle (prefer products with recycled content for example 

concrete with recycled mixed aggregate and with high recycling 
potential)

  �Recover(energy recovery/composting)
  �Prepare the Operation and Maintenance plan including technical 

guidance for refurbishment
  �Prefer lean manufacturing and cleaner production of materials
  �Prefer durable materials 
  �Use digital material passports
  �Prefer biobased materials that can be composted at end-of-life
  �Consider a biobased or wooden solution for construction.

  �Appoint a contract manager 
who is motivated to implement 
circularity 

  �Prefer local materials
  �Consider the possibility of using 

waste/recycled materials from the 
surrounding area

  �Identify suppliers that may be 
most relevant at each subsequent 
stage and discuss new models 
or products that support circular 
manufacturing concepts 

  �Prefer manufacturers with take-
back schemes experience or ex-
tended producer responsibilities. 

  �Give preference to a local supply 
chain

  �Organize the pre-procurement 
consultation

  �Prepare a circular procurement 
plan with  definition of the aim 
that is relevant to your project

  �Define requirements for the use 
of biobased products. In case of 
wooden products, certificates 
such as FSC and PEFC can be 
requested.

  �Prefer easily dis-
mantled structural 
elements (precast 
concrete elements 
with removable 
joints) 

  �Prepare a waste 
management plan 
for construction and 
separate construc-
tion waste on the 
site.

  �Prefer use of prod-
ucts and materials 
from suppliers, who 
can take back the 
unused products.

  �Consider the use of 
biobased products 
from the construc-
tion site or enable 
their use for the lo-
cal community (e.g., 
wood from cut trees, 
grass).

  �Use the Operation 
and Maintenance 
plan, which includes 
technical guidance 
for needed refurbish-
ment, maintenance 
of wooden and bi-
obased products

  �Prepare a pre-demo-
lition audit and create 
a demolition plan.

  �Consider the use of 
dismantled materi-
als and products on 
other sites

  �Use a selective 
approach for the dis-
mantling of products 
and materials.

  �Follow the waste 
management hier-
archy and prefer the 
use of dismantled 
products on other 
sites. It is also possible 
to use local business 
models for reusing or 
recycling of CDW.

  �Refuse to demolish 
the building at the 
end of its useful life so 
the existing structure 
could be reused for 
new purposes

  �If applicable, consider 
use of waste man-
agement to enable 
recycling close to the 
nature (e.g. compost-
ing of waste plants, 
energy recovery using 
biogas plant)
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Intent Design Procurement Construction
Operation 

and maintenance
Deconstruction

Location

  �Consider local conditions and give preference to a local supply chain, use materials from 
the site

  �Prefer brownfield or previously developed site when choosing a new site to build on, its 
remediation can clean up contaminated land and return it to a cleaner state.

  �Support the use of lo-
cal business models 
and supply chains

  �Provide the most optimal 
location and transporta-
tion plan of Construction 
waste

  �Use of mobile pick up station 
for deconstruction on-site

Provide the most optimal loca-
tion and transportation plan of 
Demolition waste

Water

  �Provide plan/measures to reduce the amount of water used, e.g. 
rainwater harvesting into storage tanks and further use of grey wa-
ter, design water saving measures like dual flush toilets, pearl valves 
and shut-off valves for washbasins and showers, etc. 

  �Use indicators from 
sustainability build-
ing certifications to 
increase quality

  �Implement innovative 
solutions like utilizing 
heat recovery from waste-
water to warm supply air 

  �Consider using Root 
Wastewater Treatment 
Plants to enhance pollut-
ant removal and explore 
sustainable options for 
repurposing treated water 
in irrigation and cleaning 
the surrounding environ-
ment

  �Use water and energy 
monitoring connected 
to the building‘s Facility 
Management System 
to encourage reduc-
tions in consumption

  �Use the wastewater 
treatment system – 
grey and drinking

  �Separate pipes and other 
installations for efficient recy-
cling, and explore opportu-
nities to recycle or reuse for 
example air handling units

Energy

  �Consider using renewable energy (solar, wind, and biomass – photo-
voltaic (PV) systems, geothermal heat pump, wind turbines)

Consider using waste heat, thermal energy from which can be reused 
directly for preheating or converting heat directly into electricity.

  �Separate installations for ef-
ficient recycling, and explore 
opportunities to recycle or re-
use for example air handling 
unit

Waste
(Construction and 
Demolition Waste 

& Municipal)

  �Prepare the Operation and Maintenance plan including technical 
guidance for refurbishment to eliminate waste generation

  �Prepare waste and financial forecast regarding the volume of pre-
dicted waste

  �Create a Municipal Waste Management Plan 
  �Learn about the possibilities of using municipal waste for the pro-

duction of construction products

  �Prefer manufactur-
ers with take-back 
schemes and ex-
tended producer 
responsibilities will 
have a positive effect 
on responsible waste 
management in the 
future

  �Fill in the template for 
tracking waste with dif-
ferent waste categories 
and calculating potential 
recycling rates, including 
reuse, recycling, land-
fill, energy recovery and 
waste elimination rates

  �Use the sorting con-
tainers for municipal 
waste

  �Equip waste collection 
sites, ensure sufficient 
number of containers 
for different types of 
waste (mixed, glass, 
paper, etc.)

  �Prepare a pre-demolition 
audit to identify materials 
and components (hazardous 
and non-hazardous, reusa-
ble and non-reusable) that 
will result from demolition 
activities

  �Use the EU Construction and 
Demolition Waste Protocol 
template for tracking waste 
with different waste catego-
ries and calculating potential 
recycling rates, including re-
use, recycling, landfill, energy 
recovery and waste elimina-
tion rates

Digitalization

  �Create a basic model for the demolition or substantial reconstruc-
tion of existing buildings, which will help to provide material inven-
tory easily and define deconstruction steps.

  �Use BIM and integrate material and building passports. The digitalization of processes in each design phase of 
building construction, often integrated through Building Information Modelling (BIM), allows the use of digital 
tools including material or building passports in this digital structure to create a comprehensive virtual representa-
tion of the construction project. This allows for collaborative design, clash detection and visualization, a centralized 
repository of material data, and sourcing information, resulting in fewer errors and more informed decisions.
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Intent Design Procurement Construction
Operation 

and maintenance
Deconstruction

Location

  �Consider local conditions and give preference to a local supply chain, use materials from 
the site

  �Prefer brownfield or previously developed site when choosing a new site to build on, its 
remediation can clean up contaminated land and return it to a cleaner state.

  �Support the use of lo-
cal business models 
and supply chains

  �Provide the most optimal 
location and transporta-
tion plan of Construction 
waste

  �Use of mobile pick up station 
for deconstruction on-site

Provide the most optimal loca-
tion and transportation plan of 
Demolition waste

Water

  �Provide plan/measures to reduce the amount of water used, e.g. 
rainwater harvesting into storage tanks and further use of grey wa-
ter, design water saving measures like dual flush toilets, pearl valves 
and shut-off valves for washbasins and showers, etc. 

  �Use indicators from 
sustainability build-
ing certifications to 
increase quality

  �Implement innovative 
solutions like utilizing 
heat recovery from waste-
water to warm supply air 

  �Consider using Root 
Wastewater Treatment 
Plants to enhance pollut-
ant removal and explore 
sustainable options for 
repurposing treated water 
in irrigation and cleaning 
the surrounding environ-
ment

  �Use water and energy 
monitoring connected 
to the building‘s Facility 
Management System 
to encourage reduc-
tions in consumption

  �Use the wastewater 
treatment system – 
grey and drinking

  �Separate pipes and other 
installations for efficient recy-
cling, and explore opportu-
nities to recycle or reuse for 
example air handling units

Energy

  �Consider using renewable energy (solar, wind, and biomass – photo-
voltaic (PV) systems, geothermal heat pump, wind turbines)

Consider using waste heat, thermal energy from which can be reused 
directly for preheating or converting heat directly into electricity.

  �Separate installations for ef-
ficient recycling, and explore 
opportunities to recycle or re-
use for example air handling 
unit

Waste
(Construction and 
Demolition Waste 

& Municipal)

  �Prepare the Operation and Maintenance plan including technical 
guidance for refurbishment to eliminate waste generation

  �Prepare waste and financial forecast regarding the volume of pre-
dicted waste

  �Create a Municipal Waste Management Plan 
  �Learn about the possibilities of using municipal waste for the pro-

duction of construction products

  �Prefer manufactur-
ers with take-back 
schemes and ex-
tended producer 
responsibilities will 
have a positive effect 
on responsible waste 
management in the 
future

  �Fill in the template for 
tracking waste with dif-
ferent waste categories 
and calculating potential 
recycling rates, including 
reuse, recycling, land-
fill, energy recovery and 
waste elimination rates

  �Use the sorting con-
tainers for municipal 
waste

  �Equip waste collection 
sites, ensure sufficient 
number of containers 
for different types of 
waste (mixed, glass, 
paper, etc.)

  �Prepare a pre-demolition 
audit to identify materials 
and components (hazardous 
and non-hazardous, reusa-
ble and non-reusable) that 
will result from demolition 
activities

  �Use the EU Construction and 
Demolition Waste Protocol 
template for tracking waste 
with different waste catego-
ries and calculating potential 
recycling rates, including re-
use, recycling, landfill, energy 
recovery and waste elimina-
tion rates

Digitalization

  �Create a basic model for the demolition or substantial reconstruc-
tion of existing buildings, which will help to provide material inven-
tory easily and define deconstruction steps.

  �Use BIM and integrate material and building passports. The digitalization of processes in each design phase of 
building construction, often integrated through Building Information Modelling (BIM), allows the use of digital 
tools including material or building passports in this digital structure to create a comprehensive virtual representa-
tion of the construction project. This allows for collaborative design, clash detection and visualization, a centralized 
repository of material data, and sourcing information, resulting in fewer errors and more informed decisions.
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2.8.	 Task 

Based on the given checklist, propose a circular solution for each topic area. The building is in 
the design and planning phase of the project. 

Typology:A family house 5+kk is designed in the passive standard for a family of 4. The house 
will be without a basement and with a gable roof. At the request of the customers, materials for 
wall and floor finishes will be imported from Austria and custom-made.

Location: Village Mikulčice. The plot of interest will be served from the newly built communica-
tion. According to the current zoning plan, it is a new development area for housing. 

Foundation structures: The building is based on two-stage monolithic reinforced concrete 
foundation strips, on which the necks of the lost formwork are mounted. The foundation slab is 
monolithic reinforced concrete. 

Vertical load-bearing structures: The load-bearing system is a wall system made of 44 cm 
thick Porotherm ceramic masonry on thin-layer mortar. The insulation of the plinths is made of 
XPS. The masonry is reinforced around the perimeter with a ground-floor reinforced concrete 
perimeter wreath. 
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Fillings of openings: Assumption of wood-composite, glazing made with triple glazing type.

Partitions: Ceramic Porotherm masonry bricks on thin mortar. 

Horizontal load-bearing structures: The ceiling above the first floor consists of a suspended 
ceiling, insulated with gypsum board construction and suspended from the roof trusses. In the 
living room, the floors are made with laminate finish, in the bathrooms and sanitary facilities 
there are ceramic tiles. 

Roof:: Gable roof with a 25-degree pitch, covered with concrete tiles. 

Building services: The house is connected to the existing water supply. Rainwater from the roof 
of the house and paved areas will be connected via roof catchers to an internal rainwater drai-
nage system connected to a 10 m3 storage tank. Rainwater reuse is not defined. The pipework 
is drawn in the floor and partially ‚hard-walled‘ into the building structure. The heat source is 
a hot water gas boiler and an air/air heat pump. Underfloor heating is proposed in the building 
and is also bricked into the floor structure. 
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​​2.9.	 Questions

What are the benefits of circular design? 

What are the advantages and disadvantages of circular construction?

What tools can help you to apply circularity in construction? 

At what stage of the life cycle can circular design be done? 

What circular indicators do you know? 
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Choose an example of circular design and describe it more in detail.

How can you tell if a building is truly circular?

What does „building in layers“ mean?

What is the difference between recycled and recyclable materials?

How can digitization help circular construction?

What does the acronym BIM mean? Name other digital tools. 
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3.	 Circular construction products

3.1.	 Introduction

This chapter focuses on the concept of circular economy in construction by emphasizing the 
reduction of the environmental impact of building materials. It explains how the use of recyc-
led, natural, and local resources, improving product longevity, and more efficient manufactu-
ring methods can lead to a more sustainable construction industry. This chapter also highlights 
the importance of transparency through tools such as Environmental Product Declarations 
(EPD) and warns against greenwashing. Furthermore, it introduces various types of recycling 
and provides specific examples of circular construction products, such as geopolymers, wood 
composites, and recycled concrete or asphalt.

3.2.	 Background information

The basic strategy to increase the circularity of a project is to use products either with recycled 
content or improve products in terms of their durability and the use of environmentally friendly 
materials. Although these products must meet the same requirements as those made from 
primary materials, there can be further limitations for their use to ensure their safety. 

Circular economy in terms of building products is based on a multidimensional approach. The 
focus is on the development of new materials and advanced construction methods to impro-
ve the performance and durability of buildings while minimising construction and demoliti-
on waste. Carbon-negative building materials provide a pathway to long-term carbon storage 
as well as improved performance and durability. Advanced construction methods incorporate 
these new materials while reducing the overall consumption of materials and increasing their 
reuse potential. 

Circular products are designed to allow either complete recycling of materials or new synthe-
sis options without toxic precursors or by-products for further use of raw materials. Circular 
materials are preferably processed locally for local needs. The use of circular materials in con-
struction is based on maximising the use of primary and bio-based materials, maximising the 
potential for high-value reuse and the number of recycled materials used.

The basic aim is to achieve closed material flows that support circular economy by keeping the 
material that makes up the product in use longer as a product and maximising its recovery 
into high-value products at the end of the product‘s life. That way, waste is minimised, and ma-
terials are reused or recycled at the end of their life. 

Different approaches to lowering the environmental emissions of materials with the principles 
of Circular Economy (CE) are as follows:

 � Reduce the impact of the materials by incorporating CE principles at the end of their life-
time (reuse, repair, refurbish, remanufacture, repurpose, recycle, and recover).

 � Use of secondary materials (reused or recycled) for construction.
 � Designing for durability. 
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3.3.	 Circular construction products

Globally, the construction sector is responsible for 36% of all greenhouse gas emissions, appro-
ximately 40% of all material consumption and 40% of all waste.17

Operational energy consumption in low-energy buildings has decreased significantly in recent 
decades. Consequently, the greenhouse gas emissions embodied in the building materials 
used in construction can account for around half of a building‘s life cycle carbon footprint. This 
problem can be addressed through the production of low-carbon building materials and the 
application of circular economy principles, which can lead to a significant reduction in the emi-
ssions embodied in building materials. 

For buildings to become carbon-positive, a measurable and significant amount of CO2 that is 
contained as carbon in building materials must be removed from the atmosphere, and this 
amount of stored carbon must be greater than the emissions associated with the extraction, 
production and transport of all materials used in the building. To this end, technologies such 
as bioenergy with carbon capture and storage have been introduced in the building industry. 
Carbon from the atmosphere can be stored in building materials in two ways: (i) permanent 
storage in mineral materials and (ii) temporary storage in biogenic materials. 

However, the strategies that are being applied at the building level, such as design for durabi-
lity/longevity, design for adaptability and design for deconstruction/demolition, are also reflec-
ted at the materials level, given the lower demand for new production of building materials 
and the lower amount of waste that will be generated over time. Materials that support these 
strategies contribute to reducing the carbon footprint of buildings.

The goal of design for longevity is to achieve timeless architecture while using durable produ-
cts and materials that can be adapted and reused in the future. Longevity allows the resources 
used in the construction of a building to last a long time (e.g., slowing the loop). 

Adaptability design allows a building to redefine its purpose without major interventions and 
using significantly less material. Greater adaptability is ensured using modular concepts, easily 
replaceable facades allowing changes to the appearance and functionality of the building and 
plug-and-play technical installations.

Building deconstruction/demolition can be facilitated by reducing building complexity by prio-
ritising modularity and lightweighting of components, prefabricating and simplifying connec-
tions between structural and non-structural elements and minimising the number and types 
of components; selecting reusable and environmentally compatible materials while minimi-
sing the use of hazardous and composite materials; and providing information on building 
design and deconstruction. 

Reusability and recyclability of building materials, together with other CE principles, are appro-
aches aimed at minimising the carbon footprint and other environmental impacts at the end-
-of-life stage of these materials. More efficient use of resources is an important aspect of redu-
cing greenhouse gas (GHG) emissions. For example, it is estimated that in 2050 the application 
of combined circular practices in the construction sector (such as modular construction, use 

17	 �EA (2019), Global Status Report for Buildings and Construction 2019, IEA, Paris https://www.iea.org/reports/
global-status-report-for-buildings-and-construction-2019, Licence: CC BY 4.0
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of lighter materials, reduced use of steel, recycling of unreacted cement and increased use of 
buildings through activity sharing) could reduce up to 80 megatons of GHG emissions per year 
in the EU. 

3.3.1.	  Possible ways to produce circular construction products

There are several approaches and recommendations for construction material manufacturers 
to reduce the environmental footprint (especially the carbon footprint) of their materials. These 
approaches are largely based on circular economy principles. 

Possible ways of producing environmental/circular products for the construction industry are 
as follows: 

 � Use of alternative materials,
 � Use of natural materials,
 � Introduction of secondary raw materials, 
 � Use of local materials
 � Increasing the use of renewable energy; and
 � Improve product performance. 

3.3.1.1.	 Use of alternative materials

In the case of construction products, alternative materials can be used in their production to 
replace some of the ingredients from the original recipe and thus contribute to reducing the 
environmental impact of the product. Typically, these are by-products of the production of pri-
mary products, e.g. granulated slag (a by-product of the production process of cast iron, during 
which large amounts of liquid slag are formed, not so different from that of Portland cement).

Benefits: 
 � Reduction of carbon footprint and other environmental impacts (which needs to be verified 

by LCA method).

Barriers to using alternative materials in the concrete production sector: 
 � Risk of loss of performance, 
 � The rarity of some alternative materials, 
 � Lack of knowledge in the production sector, 
 � Differing aesthetic appearance.

 
3.3.1.2.	 Use of natural (biological) materials

Bio-based materials can replace other carbon-intensive building materials such as concrete 
and brick without compromising durability. 

Benefits: 
 � Low level of processing and low-cost products,
 � Health safety of the product, 
 � Local availability, 
 � The potential to activate local innovative supply chains capable of recovering aspects of the 

construction tradition
 � Sequestration of biogenic carbon in natural materials. Some natural materials absorb 
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a  greater quantity of carbon during the whole life cycle than the emitted quantity of carbon 
during the production of the product itself. 

Barriers: 
 � Need to compensate low performance by increasing the thickness of building products, 
 � Lack of knowledge in the production sector,
 � Lack of skilled workers.

3.3.1.3.	 Use of secondary materials

The use of secondary materials is related to the use of reused, recycled and waste materials. 
Construction and demolition waste discarded construction timber, by-products such as furna-
ce slag or fly ash, or brick rubble can be used directly as secondary feedstock to replace natural 
resources.

There are several challenges related to the use of secondary materials: 
1. � The availability and quality of secondary materials represents a problem in finding suitable 

and stable sources to recycle or reuse. Insufficient collection and sorting systems can also 
limit the availability of high-quality secondary materials.

2. � Infrastructure for the collection, sorting and processing of secondary raw materials is es-
sential. Setting up efficient collection systems and investing in modern sorting facilities can 
be costly and requires coordination between different stakeholders. 

3. � The economic feasibility of using secondary materials depends on market demand, man-
ufacturing costs and prices. If the cost of collecting, sorting and processing secondary ma-
terials exceeds the value of the recovered products, promoting their use may be counter-
productive. 

4. � Efficient regulations and policies play an important role in promoting the use of secondary 
materials. Clear instructions, standards and enforcing mechanisms are necessary to ensure 
the quality, safety and compatibility of secondary materials with existing production pro-
cesses.

5. � Driving consumers to use products made from secondary materials can be challenging. 
Awareness raising, public education and promotion of the benefits of using secondary ma-
terials are necessary to change consumer behaviour. 

6. � The use of more secondary materials in the manufacturing of products may require modi-
fications or upgrading of existing infrastructure and technologies. Compatibility issues and 
technical constraints may arise when incorporating secondary materials into manufactur-
ing processes, requiring investment in research and development. 

7. � Managing a complex supply chain involving multiple stakeholders in the form of collectors, 
processors, manufacturers and marketers can be challenging. Coordination of activities, 
ensuring transparency and maintaining quality control throughout the supply chain are 
essential for the successful integration of secondary materials into this chain. 

8. � Breaking down social prejudices related to the use of secondary materials is crucial. Some 
people may still consider recycled or reused materials to be of lower quality, which may 
prevent their acceptance across different industries and their positioning within consumer 
markets. 
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Benefits: 
 � The use of secondary materials in the production process leads to a reduction in landfilling 

and reduces the impacts of new construction. 
 � The use of secondary materials can help in reducing the carbon footprint of building prod-

ucts based on secondary raw materials. 
 � The use of secondary raw materials can lead to a reduction in environmental impacts in 

general – reducing mineral extraction, reducing the need for energy resources, etc.

Other Barriers: 
 � Lack of EU standardisation for secondary materials trade, 
 � Legislation on use of secondary materials, 
 � Increased costs for the same material strength, 
 � Lack of processability, 
 � Distance restrictions on the supply of CDW, 
 � Lack of knowledge in the production of products from secondary materials, 
 � Different aesthetic look.

However, the most important influential factors are the quality of both, the initial demolition 
material and the final construction product, defined by the product requirements. 

3.3.1.4.	Use of local materials

The environmental impact of the production of construction products can be reduced by mi-
nimising the transport distances of raw materials. The most advantageous option is to use 
materials from on-site demolition sites. 

Benefits: 
 � Reduction of environmental impacts

 
Barriers:

 � The need to compensate for low performance by increasing the component/building prod-
uct density,

 � lack of knowledge in manufacturing products using local secondary materials,
 � distance limits for purchasing secondary raw materials,
 � lack of storage space needed for interim storing of reusable materials from demolition.

 
3.3.1.5.	 Increasing use of renewable energy

All phases of the life cycle of building products require the consumption of energy resources 
(production, use, disposal/recycling). The environmental impacts associated with the use of 
energy resources can be reduced by using renewable energy sources – energy from photovol-
taic (solar) panels, wind turbines, hydropower and other renewable energy sources) and also by 
using waste materials for energy (heat/electricity) production. 

Benefits: 
 � Reduction of environmental impacts

Barriers: 
 � High cost of implementing renewable energy sources
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3.3.1.6.	 Improving product performance

Increasing material efficiency is linked to optimization – using less of raw materials, improving 
the construction product in terms of reducing environmental impact. An example is the deve-
lopment of new materials based on nanotechnology that could improve the efficiency of the 
use of traditional materials (wood, concrete) and improve the construction in terms of reducing 
environmental impacts. 

Benefits: 
 � Reduction of environmental impacts
 � Saving of material resources 

Barriers: 
 � Lack of knowledge in the manufacturing sector,
 � High research and development costs 

3.3.2.	 Greenwashing versus reliable sources of information

The market is overflowing with thousands of products from various companies, coming from 
various countries. Each producer’s main goal is profit and therefore selling as much of their 
product as possible. Due to high competition in a globalized world with easy access to inter-
national markets, pushing products through “creative” advertising may lead to greenwashing 
(companies claiming to be more environmentally friendly, ecological, natural etc, than they 
truly are) and false advertising. 

There are already measures and regulations in place to help ensure the quality of the product 
and the safety of the product which is being sold on the European market. The EU Declaration 
of Performance is part of the Construction Product Regulation, which helps provide trans-
parency on the EU market. It states that products manufactured in the EU or entering the EU 
market need to be covered by a European harmonized standard or have an issued European 
Technical Assessment. For that the product needs to have this Declaration of Performance 
and be CE marked.

The well-known CE mark tells us that a product is in conformity with its declared performan-
ce. It guarantees that our product has been assessed according to a harmonised European 
standard or that the European Technical Assessment has been issued for it.18

These rules apply for all construction products, no matter if the materials are circular or not. 

Measures guaranteeing if a material or product is truly circular or environmentally friendly as 
the manufacturer claims are being slowly introduced as well. An EU greenwashing directive 
approved in January 2024 (EU Directive 2024/825)19 aims to protect consumers from unfair 
practices and through better information by banning environmental claims without proof, 

18	 �European Commission. Declaration of Performance and CE Marking. Available: https://single-market-eco-
nomy.ec.europa.eu/sectors/construction/construction-products-regulation-cpr/declaration-performance-
-and-ce-marking_en

19	 �Directive (EU) 2024/825 of the European Parliament and of the Council of 28 February 2024 amending 
Directives 2005/29/EC and 2011/83/EU as regards empowering consumers for the green transition through 
better protection against unfair practices and through better information. Available: https://eur-lex.europa.
eu/eli/dir/2024/825/oj/eng
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claims of eco-friendliness based on offsetting emissions and banning sustainability labels that 
are not part of a certified scheme or established by public authorities. As you can see, it is im-
portant to do proper research when selecting products or materials for construction. 

Helping with the decision-making process in the terms of selecting environmentally friendly 
products for a construction project is a document called Environmental Product Declaration. 
An Environmental Product Declaration or an EPD is an internationally standardized document 
that provides information about a product´s impact on the environment based on a Life-Cyc-
le Analysis (LCA). EPD´s are independently verified and registered documents which ensures 
transparency and trust. An international database of EPDs is operated by environdec and you 
can find it at environdec.com20 Another reliable database is the IBU Database, from Germany.

3.4.	 Different types of recycling

There are the two main approaches when it comes to recycling. Closed-loop recycling hap-
pens when the waste is used to manufacture similar products of the (group of) manufacturing 
company(ies) so that the recycling process can be repeated after each cycle. 

Open-loop recycling occurs when the waste enters the waste trading business, and the waste 
is used by unknown parties.

Open-loop and closed-loop recycling should not be confused with ‘upcycling’ and ‘downcy-
cling’. Upcycling is bringing the raw material back to its original quality (grade), or even hi-
gher. Downcycling applies waste in its present form. Open loop downcycling is often done in a 
cascade of products, e.g. product A is concrete with natural gravel, product B is concrete with 
an aggregate of crushed concrete (e.g. recycled aggregate). Product C is crushed concrete (re-
cycled aggregate) under a road.

3.5.	 Examples of good practices of circular construction products

3.5.1.	 Use of alternative materials – Geopolymers	

The amorphous alkali metal silicate aluminate known as „Geopolymer“ is characterised by a re-
peating sialate monomer unit (-Si-O-Al-O). Geopolymer is a so-called third generation cement 
that serves as an alternative to lime and conventional Portland cement. By polymerizing alu-
minosilicates such as fly ash, metakaolin, slag, rice husk ash and high calcium wood ash, geo-
polymer concrete can be produced by activating an alkaline solution. The process of producing 
geopolymer concrete usually eliminates the need for OPC, which is the most commonly used 
cement in concrete mixes. Geopolymers are an alternative binder in sustainable building ma-
terials as they offer rapid compressive strength, low permeability, excellent chemical resistance 
and remarkable fire resistance properties. It is a low-carbon material whose production process 
requires less energy than cement. The use of geopolymer concrete as an alternative to conven-
tional Portland cement concrete has been found to yield an 80% reduction in the amount of 
embodied carbon, depending on the precursor and activator used.

Application: It is used as a binder for sustainable building materials (an alternative to conven-
tional Portland cement and lime), in the production of precast concrete (blocks, panels and 
pipes), in the road construction industry for the production of durable and high-strength con-

20	 International EPD System. Available: https://www.environdec.com/home
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crete for pavements and other structural elements, in the production of insulation materials, 
fireproof coatings for structures and materials, in 3D printing of building parts, in the produ-
ction of ceramics, architectural elements (decorative panels, sculptures and building facades). 

3.5.2.	 Use of natural (biological) materials: Wooden engineered product

Solid wood can be used in construction as a sustainable alternative to steel and concrete. So-
lid wood panels are used as structural building elements, for example load-bearing floors and 
walls. 

In addition to structural timber, one of the most common structural timber products used in 
construction is cross-laminated timber (CLT). It is made from softwood and polyurethane ad-
hesives. The lamination technology allows the production of timber-based structural elements 
with arbitrarily large dimensions. As a result, structural timber products such as glulam and 
cross-laminated timber (CLT) have become competitors to steel and reinforced concrete in the 
construction market for medium to tall multi-storey buildings.

Wood waste from demolition sites is most often processed into wood chips and used either 
for energy production (e.g. heat and electricity production by combustion) or for particleboard 
production. Landfilling of wood waste is also still practised. However, as far as circular economy 
approaches are concerned, attention should be paid to the recyclability and reuse of enginee-
red wood products. The reusability of engineered wood products at the end of their useful life 
depends on the possibility of separating them during the disassembly phase. It is important to 
consider this issue at the design stage. 

Another factor that has a significant impact on the environmental sustainability of engineered 
wood products is the use of impregnates and adhesives in their manufacture, which release 
volatile organic compounds (VOCs) and formaldehyde. Recent advances have led to the deve-
lopment of structural wood products without the use of adhesives. 

Contamination from used building materials that could contain hazardous substances con-
cerns materials for residential and public buildings and industrial facilities.

Wood fibre insulation boards (WFIB)
Application as insulation material (roof, wall, floor, ceiling, interior, façade, attic)

Cross-laminated timber products (CLT)
Alternative to reinforced concrete systems (concrete floor slab) and steel structures; Adhesives 
may be problematic.

Laminated veneer lumber (LVL)
Alternative to reinforced concrete systems (concrete floor slab) and steel structures; Adhesives 
may be problematic.

Glue laminated timber (Glulam)
Application in construction elements, building frames, column, beam etc. Alternative to steel 
structures and concrete floor slab; Adhesives may be problematic.

Construction timber 
Application in construction elements, building frames, column, beam etc. Alternative to steel 
structures and concrete floor slab.
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3.5.3.	 Use of secondary materials – concrete, brick, steel, recycled asphalt

Concrete

Concrete is the most widely used man-made material, second only to water in consumption. 
Its popularity stems from its flexibility, durability, and resistance to compression, fire, and water. 
However, traditional concrete has a significant environmental impact due to the cement used, 
which accounts for around 8% of global CO2 emissions and is energy-intensive to produce. To 
reduce this footprint, „green concretes“ made from construction and demolition (C&D) waste 
and industrial waste are being explored. Recycling end-of-life concrete into recycled aggregate 
and using industrial waste as aggregates or binders can significantly reduce the environmen-
tal impact, provided these materials are environmentally acceptable and technically adequate.

The Life Cycle Assessment (LCA) method is essential for evaluating environmental benefits 
and trade-offs of alternatives. Studies have compared the impacts of recycled versus natural 
aggregates and concretes made from recycled/alternative materials versus conventional ones. 
Blengini and Garbarino21 found that recycled aggregates can sustainably complement natural 
aggregates, as the avoided impacts of recycling C&D waste outweigh the induced impacts.

When concrete structures are demolished, the waste concrete is typically crushed to produce 
recycled aggregates, mainly used for road construction and backfilling. Although around 11% of 
waste concrete is still landfilled in the EU, selective demolition can reduce impurities, allowing 
the waste concrete to be used in recycled aggregate production for new concrete. Design for 
disassembly, such as modular construction and prefabrication, enables the reuse of concrete 
components. Precast column beams, concrete floor systems, and facades can be reused with 
the right type of joint.22

Concrete debris, generated during demolition in building and civil engineering, includes both 
reinforced and unreinforced materials. It can be recycled as a construction material if it meets 
quality standards under the Construction Material Recycling Regulation. Recoverable mate-
rials include concrete and reinforced concrete debris, precast elements, and foundations. Non-
-recoverable debris, often from industrial areas or contaminated with pollutants, cannot meet 
these standards. Recycled concrete debris can be used for fill material, backfill, road constructi-
on sub-layers, building substructures, concrete aggregates, agricultural road improvement, 
and drainage layers.

Brick

Bricks, one of the oldest and most widely used building materials, traditionally require non-
-renewable raw materials and high temperatures for production, leading to significant energy 
use and greenhouse gas emissions. To enhance sustainability, alternative bricks incorporate 
industrial waste materials. These alternatives differ from traditional bricks in raw material ex-
traction, the use of waste materials to replace clay, and production methods, often eliminating 
firing in favour of stabilization processes.

21	 �Blengini, G.A., Garbarino, E. Resources and waste management in Turin (Italy): the role of recycled ag-
gregates in the sustainable supply mix., 2010. J. Cleaner Prod. 18, 1021–1030. http://dx.doi.org/10.1016/j.jclep-
ro.2010.01.027.

22	 �Tonini, D., Caro, D., Cristobal, J., Foster, G., Pristera, G. Techno-economic and environmental assessment of 
construction and demolition waste management. With a view to support the feasibility assessment of pre-
paration for re-use and recycling targets for individual material fractions. JRC Science for policy report. 2023.
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Using waste and secondary materials like fly ash, dredged mud, steel slag, and calcium carbide 
sludge in brick production can significantly enhance sustainability. Fly ash-sand lime bricks, for 
instance, offer various benefits: they come in different load-bearing grades, reduce the need 
for mortar plastering, and create aesthetically pleasing brickwork. Additionally, they do not add 
extra load to the structure, improve earthquake resistance, provide good sound insulation, ma-
ximize light reflection without glare, and exhibit excellent fire resistance and durability.

At the end of their life, bricks can be recycled in three main ways: (i) as material for road con-
struction and backfilling, (ii) as a replacement for cement in plasters, and (iii) through alkaline 
activation. The most common practice is recycling bricks for road construction and backfilling, 
where they are crushed with other inert materials to produce recycled aggregates.23

Designing for deconstruction involves creating mortar-free structures where bricks are co-
nnected using steel plates and wall ties. This approach, along with the prefabrication of modu-
lar units, significantly enhances the reuse potential of bricks.17.

Steel

Steel is widely used in construction due to its durability, flexibility, stress resistance, and high 
density, enabling relatively lightweight structures. It is essential in almost all structural ele-
ments, with around 50% of global steel demand related to infrastructure and buildings. Steel 
production, like cement, significantly contributes to greenhouse gas emissions, with one ton of 
steel producing 1.85 tons of CO2, accounting for about 8% of global emissions. However, steel is 
100% recyclable, retaining almost all its original properties when reused. Despite the high ener-
gy consumption in recycling, recycled steel in new buildings can be considered a low-carbon 
material.24

During the demolition of buildings or other structures, steel is usually collected for recycling, 
making it a common waste management practice. In selective demolition, certain steel com-
ponents like purlins, beams, and columns can be reused, enhancing sustainability17.

Recycled asphalt

Recycled asphalt is a recycled low-carbon material used in road construction. It consists of as-
phalt and aggregate reclaimed from existing asphalt surfaces that have been removed, often 
during road maintenance or reconstruction. 

Recycled asphalt pavement (RAP) serves as a valuable source of aggregate and asphalt. Incor-
porating RAP into asphalt production not only extends the life of current quarry materials but 
also reduces dependence on fossil fuels for asphalt production. 

Asphalt recycling is carried out in „hot“ and „cold“ forms and either „on site“ or „at the plant“. 
In hot recycling, RAP is mixed on site with new materials from the hot mix asphalt plant, fo-
llowed by standard paving and rolling. In the case of „on-site“ recycling, the RAP is transported 
to the plant‘s central warehouse where it is stored and reprocessed. The RAP is then processed 

23	 �Fort, J., Černy, R. Transition to circular economy in the construction industry: Environmental aspects of waste 
brick recycling scenarios. 2020. Waste Management 118 (2020) 510–520.

24	 �de Graaf, D., Schuitemaker, S. Circular Buildings: constructing a sustainable future. Materials in buildings. 
2022.
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as raw material for hot mix production. Significant savings in recycling come mainly from the 
materials contained in the RAP, such as asphalt, aggregate and mineral filler. Savings in virgin 
materials associated with RAP recycling can lead to reductions in greenhouse gas and other 
emissions. 

Cold recycling uses the „foamed asphalt“ technique to restore damaged asphalt pavements. 
In this method, a recycling machine is used to extract material from the pavement to create a 
new pavement layer and revitalize the existing pavement structure. This technique differs from 
other asphalt recycling methods in that it eliminates the need to heat the aggregate, which 
reduces energy consumption and consequently emissions – including greenhouse gases. 

In summary, the use of RAP in road construction brings several environmental and economic 
benefits: 

 � Saves resources: incorporating RAP into new asphalt mixes saves natural resources by reu-
sing materials from old pavements. 

 � Energy savings: producing asphalt from RAP typically requires less energy compared to 
producing virgin asphalt from raw materials. This contributes to a reduction in overall car-
bon emissions. 

 � Cost-effectiveness: The use of RAP can be cost-effective as it reduces the need for new raw 
materials and minimises the waste disposal costs associated with old asphalt pavement. 

 � Improved sustainability: by reusing existing materials, RAP promotes sustainability in road 
construction, which is consistent with environmentally conscious practices. 

It should be noted that the specific environmental impact and sustainability of road constructi-
on projects depends on a variety of factors, including the percentage of RAP used, the overall 
mix design and traffic distances. However, the inclusion of reclaimed asphalt is generally con-
sidered a positive step towards more circular, sustainable and low carbon road construction 
practices.

Application: In road construction (asphalt mixtures, base and subbase construction, road re-
surfacing, and rehabilitation).
.
Use of local materials – Excavated soil

Excavated soil, generated through excavation or removal of natural materials, must be charac-
terized by an authorized specialist to determine its suitability for use. Based on its quality class, 
it can be used for various applications such as reclamation layers, non-agricultural reclamation 
layers, subgrade fill, and recycling material for unbound and bound applications, both in and 
above groundwater areas with similar contamination levels.

Recovering excavated soil from environmentally degraded sites (contaminated soil) can be 
challenging. However, potential applications for such soil include site reclamation after con-
struction work, creating embankments, and backfilling. 

Improve product performance – other low-carbon building materials

Other widely used relatively low-carbon building materials are glass, gypsum board, and va-
rious types of insulation materials.

Rammed earth wall and hempcrete are low-carbon building materials, which are not as widely 
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used as more conventional building materials. However, their use has been growing in recog-
nition, considering their sustainable properties.

Rammed earth involves compacting natural raw materials, such as earth, chalk, lime, or gravel, 
into solid walls. This construction technique is known for its thermal mass and insulation pro-
perties, contributing to energy efficiency in buildings.
Hempcrete is a composite material made from the inner woody fibers of the hemp plant mi-
xed with lime and water. It is valued for its low environmental impact, carbon sequestration 
potential, and insulation capabilities.

In this context, biogenic waste can also be mentioned. It consists of organic waste from green 
areas, in particular, tree trimmings, shrubs, or tree stumps. Biogenic waste offers the option 
of recovery through either composting or thermal processing. It‘s important to note that if no 
recovery occurs on the construction site, biogenic waste should be either made available for 
separate collection or transported to a designated collection point. In instances involving tree 
roots or tree stumps generated in tandem with excavated soil, small quantities can be appro-
priately disposed of. Possible uses refer to thermal processing and composting.

Other examples of low-carbon building products are mycelium, wastepaper and cellulose, as 
well as biochar. These materials are used in the construction industry to reduce environmental 
impacts. Mycelium, as a biological material, can replace traditional insulation materials. Cellulo-
se from wastepaper is used as an environmentally friendly insulation material. Biochar is added 
to building mixtures to improve their properties and reduce the carbon footprint.
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3.6.	 Key notes

There are various approaches to reducing the environmental emissions of construction ma-
terials using circular economy (CE) principles:

 � Reducing material impact by integrating CE principles at the end of their life cycle (reuse, 
repair, renovation, refurbishment, repurposing, recycling, and recovery).

 � Using secondary materials (recycled or reused) in construction.
 � Designing with durability in mind.

Construction material manufacturers have several options to produce environmentally frien-
dly/circular products:

 � Using alternative materials.
 � Using natural materials.
 � Introducing secondary raw materials.
 � Using local materials.
 � Increasing the use of renewable energy.
 � Improving product performance.

Strategies applied at the building level (designing for longevity, adaptability, and decon-
struction) are also reflected at the material level, leading to lower demand for new production 
and reduced waste generation.

The reusability and recyclability of construction materials, along with overall circularity prin-
ciples, aim to minimize the carbon footprint and other environmental impacts at the end of 
these materials‘ life cycle.

Using alternative materials, such as geopolymers (an alternative to Portland cement), can sig-
nificantly reduce the carbon footprint.

Using natural (biogenic) materials, such as wood, offers benefits like low processing require-
ments, local availability, and biogenic carbon sequestration.

Utilizing secondary materials (recycled or reused) reduces landfill waste and can lower the car-
bon footprint of construction products. However, several challenges exist, including availability, 
quality, infrastructure, economic factors, regulations, and consumer acceptance.

Using local materials minimizes transportation distances and reduces environmental impacts.

Increasing the use of renewable energy in all phases of the construction product life cycle 
reduces environmental impacts.

Improving product performance through optimization and reducing raw material consump-
tion can lower environmental impacts and conserve material resources.
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3.7.	 Tasks

Task 1

In teams, find and discuss at least 5 examples of a circular building product. What makes it cir-
cular? What are its benefits and challenges? Can you find their environmental impacts? What 
sources of information have you used? 

Task 2

In teams, find and discuss alternatives to standard building materials or elements containing 
secondary raw materials or recycled materials, while maintaining the required technical pro-
perties.
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3.8.	 Questions

What options are available for manufacturers who want to produce their products in a more 
environmentally friendly manner? Can you think of any other method which has not been 
mentioned in this textbook?

What are EPDs? 

What are the benefits and barriers of using natural construction products?

What are the challenges of using secondary materials as construction products? 

What does a producer need to do before introducing a new construction product to the Eu-
ropean market?
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4.	 �Life cycle assessment and environmental performance of 
circular products

4.1.	 Introduction

This chapter introduces Life Cycle Assessment (LCA) and its role in evaluating the environmen-
tal performance of circular products and construction materials. It summarizes key findings 
from the „Guideline for the Selection of Low-Carbon and Recycled Materials“ available at buil-
dingcircularity.eu.25

You will learn about:
 � How environmental impacts relate to building design, energy and water use, and end-of-

-life potential, such as material reuse. LCA is presented as a standardized method for asse-
ssing a product’s environmental footprint, including its carbon footprint.

 � System boundaries (cradle-to-gate, cradle-to-grave, cradle-to-cradle) and their significance 
in LCA, emphasizing the importance of circularity, where reuse and recycling help reduce 
environmental impacts. 

 � Real-world case studies illustrating how secondary materials (e.g., fly ash in concrete, steel 
slag in asphalt) can lower carbon footprints.

In short, this chapter provides a foundational understanding of LCA and its application in 
sustainable construction, emphasizing circular principles.

4.2.	 Background information

By addressing the environmental performance of individual building materials and compo-
nents, the overall environmental footprint of a building can be assessed. However, environmen-
tal impacts are associated with: 

 � Design and construction of the building (materials and elements used), 
 � Energy and water use during the building‘s operational phase,
 � Potentials that manifest after the end of the building‘s use (suitability of materials and ele-

ments for reuse, etc.). 

Life Cycle Assessment (LCA) is a method for evaluating the environmental performance (e.g. 
footprint) of a product or process. This method can therefore be used to evaluate global war-
ming potential (e.g. carbon footprint) and a set of other environmental impacts throughout 
the entire life cycle of a building, infrastructure, or simply of certain building materials.

The LCA must be conducted following the principles and framework for LCA, which are defined 
in the international standard for LCA ISO 14040:2006 and ISO 14044:2006, ILCD handbook, and 
the European standard for Environmental Product Declarations (EPD) EN 15804:2012+A2:2019 26, 
which provide core product category rules (PCR) for Type III environmental declarations for 
any construction product and construction service. The standardization process is under 
ISO 14025:2010. Additional information about circular standardized (normative) types of envi-
ronmental labelling and declarations (including EPD) can be found in the guidelines “Safe use 

25	 �Kozicki M. et al., Safe use of secondary building materials – Information package for producers, 2023, Availab-
le: https://buildingcircularity.eu/guide/safe-use-of-secondary-building-materials/

26	 �CEN EN 15804: 2012+ A2: 2019 Sustainability of Construction Works—Environmental Product Declarations—
Core Rules for the Product Category of Construction Products.
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of secondary building materials”21 and “Circular Building Design: Strategies & Tools “, available 
at buildingcircularity.eu.27 

There are four distinct phases in an LCA study:
 � The goal and scope definition phase, which sets out the context of the study by defining 

functional/declared unit, system boundaries, and any assumptions and limitations of the 
study. 

 � The inventory analysis phase, which creates an inventory of input and output flows to and 
from the studied system, such as inputs of water, energy, and raw materials, and outputs to 
air, soil, and water.

 � The impact assessment phase, which aims at evaluating the significance and magnitude 
of potential environmental impacts based on the inventory analysis flow results. 

 � The interpretation phase, where the findings from the results of the inventory analysis pha-
se and/or the impact assessment phase are summarised and evaluated in relation to the 
defined goal and scope of the study.

Definition of the objectives and scope of the LCA study

The objectives of the study shall clearly state the intended use, the reasons for conducting the 
study, and the intended recipient and user of the study results. The scope definition consists of 
the determination of the function, functional unit and reference flow, as well as the determina-
tion of system boundaries, allocation procedures and the choice of a characterisation model.

The system boundaries of product LCA can be different, depending on the goal and scope of 
the study. The system boundaries can vary, depending on the type of data: cradle-to-gate or 
cradle-to-grave. 
 
Cradle-to-gate: refers to the production stage, which includes the extraction of raw materials, 
their delivery to the factory (production site), and the manufacturing of the final product. 

Cradle-to-grave: In addition to the production stage, all other life cycle stages are included: 
installation phase, use phase, and end-of-life phase (decommissioning, removal, waste tre-
atment, waste disposal). 

For LCA used in eco-design, it may be relevant to include the recycling potentials of the produ-
cts, thus extending the system boundary (a cradle-to-cradle approach). 

27	 �Pešta, J., Vlasatá, B., Trubina, N., & Pavlů, T. Circular building design: Strategies and tools, 2025. Zenodo. htt-
ps://doi.org/10.5281/zenodo.14800607
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Table 1. Stages included in the whole life cycle, considering a modular approach

The system boundaries follow the modular structure in line with EN 15804 (Table 1). The descrip-
tion of the life cycle stages and modules is as follows: 
 

Product stage: A1: raw material extraction and processing, processing of secondary 
material input (e.g. recycling processes); 
A2: transport to the manufacturer; 
A3: manufacturing; 
including provision of all materials, products and energy, as well as 
waste processing up to the end-of-waste state, or disposal of final 
residues, during the production stage. 

Construction process 
stage: 

A4: transport to the building site; 
A5: installation in the building; 
including provision of all materials, products and energy, as well as 
waste processing up to the end-of-waste state or disposal of final 
residues during the construction process stage. These information 
modules also include all impacts and aspects related to any losses 
during this construction process stage (i.e. production, transport 
and waste processing and disposal of the lost materials).

Use stage: B1: use or application of the installed product; 
B2: maintenance; 
B3: repair; 
B4: replacement; 
B5: refurbishment; 
B6: operational energy use (e.g. operation of heating system and 
other building related installed services); 
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Use stage: B7: operational water use 
including provision of all materials, products and energy, as well as 
waste processing up to the end-of waste state or disposal of final 
residues during the construction process stage. These information 
modules also include all impacts and aspects related to any loss du-
ring this construction process (i.e. production, transport, and waste 
processing and disposal of the lost products and materials).

End-of-life stage: C1: de-construction, demolition; 
C2: transport to waste processing; 
C3: waste processing for reuse, recovery and/or recycling; 
C4: disposal; 
including provision and all transport, provision of all materials, pro-
ducts and related energy and water use. 

Benefits and loads 
beyond the system 
boundary: 

D: reuse, recovery and/or recycling potentials, expressed as net im-
pacts and benefits. 

At the stage of defining the scope of the LCA study, it is necessary to choose which impact 
categories will be used in the LCA study and which environmental mechanisms will serve as 
a basis for the impact assessment. Which impact categories are relevant for the study should 
be indicated.
 
Life Cycle Inventory (LCI)
Life Cycle Inventory is used to quantify the number of elementary flows released into the envi-
ronment during the life cycle of products. The task of the inventory is to collect environmentally 
significant information about the processes involved in the product system. The inventory first 
collects data on unit processes, then performs an inventory of the inputs and outputs of the 
entire system and its surroundings. 

Based on the knowledge of the life cycle of the product under assessment and on the basis of 
previously determined system boundaries, all involved processes and their inputs and outputs 
are first identified. By connecting processes using corresponding energy and material flows 
into a functional unit, we obtain a scheme of the production system. Modelling is usually done 
using specialised software tools. In order to be able to functionally integrate processes into the 
product system, we need to have enough information about each of them. We need to find out 
what material and energy flows enter and exit the process and how large the individual flows 
are. This information is usually obtained by consulting with producers or from available databa-
ses. This is the so-called data collection.

Life Cycle Impact Assessment (LCIA)
In this phase, the individual quantities of elementary flows are converted into values of other 
quantities describing the degree of impact on individual environmental problems. The aim of 
Life Cycle Impact Assessment is to compare the environmental impacts of product systems 
and to compare their severity with each other using new quantified variables referred to as 
impact categories. 

The impact category is a specific environmental and human health problem that is caused by 
elementary flows of product systems. 
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Each category of impact is caused by a certain group of elementary flows, usually a certain 
group of substances. For example, global warming is caused by a group of so-called greenhou-
se gases, ecotoxic effects are caused by toxic substances, eutrophication of nutrients, and so 
on. The elementary flow leaving the product system enters the environment and begins to act 
in a certain way.

The impact category indicator is a measurable variable with defined units that we use to mo-
nitor how strongly a given impact category deteriorates as a result of human intervention. The 
impact category indicator is used to express the ability of elementary streams to cause adverse 
effects in the environment.

The first step of life cycle impact assessment is classification, where we assign all elementary 
flows contained in the product system to individual impact categories. The classification is fo-
llowed by characterization, which is the quantification of the degree of influence of individual 
elementary flows on the development of specific impact categories. The degree of impact of all 
elementary flows into a certain impact category is the result of the impact category indicator. 

The category of impact is a specific environmental problem that is caused by some anthropo-
genic influence. From the LCA point of view, the anthropogenic effect is the release of some of 
the elementary flows of matter and energy into the environment. Impact categories are gene-
rally divided into raw material and intervention. Raw material categories represent a decrease 
in available raw materials – abiotic and biotic. Intervention categories are those in which a par-
ticular elemental flow contributes to subsequent negative effects on the environment. 

Life Cycle Interpretation
In the fourth phase of the Life Cycle Study, the results of the Life Cycle Assessment are interpre-
ted. Life cycle interpretation basically involves the identification of significant findings, evalua-
tion and the formulation of conclusions and recommendations. 

4.3.	 Circular principles within LCA

How to deal with circularity in LCA? Reusing and often also recycling yields environmental 
benefits compared to production of new materials. Reuse can prevent the impacts associated 
with both raw material extraction and product manufacturing, while recycling is mostly related 
to avoiding the extraction of virgin raw materials. Therefore, the environmental benefits attri-
buted to reusing can be more significant than those attributed to recycling.

Different methodological approaches exist regarding how to address the benefits of reused 
building materials and components in LCA. However, no consensus has been reached on this 
matter within the LCA community. 

In the case of designing for disassembly, attention can be given to the fact that each structural 
or technical system in the building has its own service life. The approach focuses on the unique 
service life of each component. In such cases, the entire building´s LCA could be constructed 
using a functional unit in which the life cycle emissions of each component are divided by its 
historical and expected service life in years. One option for evaluating the environmental im-
pacts related to reuse could be applying the remaining service time as a compensating ele-
ment in the building‘s LCA. 

To give you an idea of the environmental impacts of different types of building materials in the 
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context of carbon footprint, you may visit the website materialpyramiden.dk where you will find 
the pyramid of building materials, created by CINARK. The link to the pyramid us under the 
QR code.

Figure 4.1: Link to the construction material pyramid. (QR code), online: www.materialepyramiden.dk.28

4.4.	 �Examples of case studies for environmental assessment of building products, 
considering their production stage

4.4.1.	 Concretes from secondary materials

LCA as a tool to benchmark production of traditional concrete versus production of concrete 
with the use of secondary raw materials:

 � Traditional concrete
 � Concrete with the use of fly ash (as a partial replacement of the cement)
 � Concrete with the use of foundry sand (as a partial replacement of the natural aggregate 

and cement)
 � Concrete with the use of steel slag (as a partial replacement of the natural aggregate)
 � Concrete with the use of recycled aggregate (as a partial replacement of the natural aggregate) 

All concretes have similar compressive strengths and durability.

The results of LCA are as follows:
 � Concrete with the use of fly ash: reduction of carbon footprint by 21%
 � Concrete with the use of foundry sand: reduction of carbon footprint by 18%
 � Concrete with the use of steel slag: no reduction of carbon footprint
 � Concrete with the use of recycled aggregate: reduction of carbon footprint by 7%
 � More detailed information is available in the paper of Mladenovič et al. (2015)29

28	 Material pyramid of construction materials. Available online: www.materialepyramiden.dk
29	 �Mladenovič, A., Turk, J., Kovač, J., Mauko, A., Cotič, Z., 2014. Environmental evaluation of two scenarios for the 

selection of materials for asphalt wearing courses. J. Cleaner Prod. 87, 683–691. http://dx.doi.org/10.1016/j.jcle-
pro.2014.10.013.
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Figure 4.2 – The global warming potential (carbon footprint) of 1 m3 of concrete.30

 

30	 �Turk J., Potrč Obrecht T., Malovrh Rebec K., Ostruh P., Selection of circular and low-carbon building mate-
rials, 2023, Available: https://buildingcircularity.eu/guide/selection-of-circular-and-low-carbon-building-ma-
terials/
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4.4.2.	 Asphalt wearing course

LCA as a tool to benchmark two scenarios in case of the construction of asphalt wearing course:
Production of asphalt wearing course with the use of conventional construction aggregates 
(carbonate and siliceous aggregates). Production of asphalt wearing course with the use of 
EAF C slag aggregate instead of siliceous aggregates.

Results of LCA show that utilization of EAF C steel slag aggregate in asphalt wearing course 
results in the reduction of the carbon footprint of the asphalt wearing course by around 5%.
More detailed information is available in the paper of Turk et al. (2015)23.

Figure 4.3 – The global warming potential (carbon footprint) of 1 m3 of traditional and alternative asphalt mixes 
intended to be used for wearing course of the road.23

  Asphalt wearing course with use of natural aggregates 
  Asphalt wearing course with partial use of artificial aggregates (e.g. steel slag aggregates)
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4.4.3.	 Case study of steel 
 
Varesa et al (2019) conducted a study, where they compared the environmental impacts on the 
lifeccycle of an industrial building. Considering the demolition of the building and constructi-
on of new industrial building, they compared the environmental impacts related to the reuse 
of steel components from demolished building in the new building versus new construction 
using new steel structures.

Considering the results of LCA, greenhouse gas emissions in the baseline scenario amount to 
686 kg CO2 equiv. / m2, while the emissions in the alternative scenario amount to 605 kg CO2 
equiv. / m2 (in case of reuse of steel components). The reduction of the global warming poten-
tial (or carbon footprint) over the lifetime of the building is therefore 12%, considering the reuse 
of steel components.
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4.5.	 Key notes

Life Cycle Assessment is a method for assessing environmental performance, including global 
warming potential (carbon footprint) and other environmental impacts throughout the entire 
life cycle of a product or process. This method is standardized by international norms such as 
ISO 14040:2006, ISO 14044:2006, and the European standard EN 15804:2012+A2:2019 for Envi-
ronmental Product Declarations (EPD).

 � Environmental impacts are associated with building design and construction, energy and 
water consumption during operation, and end-of-life potentials (e.g., material reuse possi-
bilities).

 � An LCA study consists of four distinct phases: goal and scope definition, inventory analysis, 
impact assessment, and interpretation.

 � Goal and scope definition includes setting the functional unit, system boundaries, and 
assumptions. LCA system boundaries can vary from „cradle-to-gate“ (covering only the 
production phase) to „cradle-to-grave“ (covering all life cycle stages) and potentially „cra-
dle-to-cradle“ (including recycling potentials).

 � Life Cycle Inventory (LCI) analysis quantifies the elementary flows released into the environ-
ment during a product‘s life cycle.

 � Life Cycle Impact Assessment (LCIA) translates these elementary flows into impact indica-
tors for environmental and human health effects.

 � Circular principles in LCA consider the environmental benefits of material reuse and recy-
cling compared to producing new materials. Reuse can lead to more significant impact 
reductions than recycling. Various methodological approaches exist for incorporating the 
benefits of reused construction materials into LCA, but there is no consensus within the LCA 
community.

 � Using recycled materials and extending the lifespan of existing products (reuse) can be a 
strategy to reduce the embodied greenhouse gas emissions of new buildings.



Circular principles in building construction 61

4.6.	 Tasks

Find EPDs (5-10) for the same product, e.g. concrete, and get the average value of their impact 
in terms of carbon footprint, consumption of energy and material resources. Obtain informa-
tion about the product impact only at the production stage of A1-A3 and throughout the pro-
duct life cycle.

Make a comparison of standard composition versus composition with alternative products (re-
cycled, natural...) comparison of their impact – carbon footprint, energy, natural resources con-
sumption.
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4.7.	 Questions

What four phases does the LCA study consist of? Explain them.

What are system boundaries? What is the difference between Cradle-to-grave, Cradle-to-Ga-
te and Cradle-to-Cradle?

What are the stages of the life cycle of a construction product or building?

What is an impact category? What impact categories do you know?

What are the most environmentally friendly building materials in the context of carbon foot-
print?
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5.	 Green Public Procurement

5.1.	 Introduction

This chapter discusses public procurement with a focus on sustainability and the principles of 
circular economy in the construction sector. It explains the concept of Green Public Procure-
ment (GPP) often interchangeable with the term Circular Public Procurement and its objecti-
ves, challenges, and benefits. It presents examples of best practices from the Czech Republic, 
Denmark, and the Netherlands and describes the GPP process step by step. It also includes 
practical exercises to simulate the public procurement process with regard to circular princi-
ples.

5.2.	 Background information

Public procurement is a tool for managing public resources, ensuring that these sources are 
spent responsibly considering the different preferences and interests the public has. An appro-
ach to public purchasing which considers not only the cost, but also broader aspects such as 
sustainability is called Responsible Public Procurement (RPP). The goal of RPP is to use public 
funds efficiently while also promoting sustainable development, social responsibility, and inno-
vation. 

In the Czech Republic for example, the Ministry of Labour and Social Affairs promotes RPP 
through the National strategy of public procurement31 and its implementation is supported 
by the Public Procurement Act.32 The motivation for this national strategy is that the public 
sector purchases amount to CZK 990 billion annually, i.e. roughly 15% of the Czech GDP. Public 
procurement and investments represent a crucial driving and shaping force for the economy 
and the Czech market. In terms of non-monetary spending by the Czech government and 
local governments, it is the most important instrument for implementing public policies.

A strategic approach to public procurement will play an increasingly important role in the 
competitiveness of the Czech economy, both within Europe and globally. Public procurement 
should not be a barrier, especially in crucial areas like research and innovation, energy, housing, 
and transport. 

Currently, the biggest challenges but also opportunities that should be taken advantage of in 
public procurement include:

 � Establishing an effective central purchasing system – Creating a unified system for bulk pur-
chasing to save costs and improve efficiency in public procurement.

 � Making the public procurement process simpler and more accessible – Reducing bureau-
cracy and streamlining procedures to make it easier for businesses to participate in public 
tenders.

 � Enhancing expertise in strategic procurement – Providing training and resources to im-
prove decision-making and ensure procurement aligns with long-term economic and so-
cial goals.

 � Improving how tenders are prepared, reviewed, and processed to make them faster and 

31	 �National strategy of public procurement. Available from: https://www.sovz.cz/narodni-strategie-verejneho-
-zadavani-v-cr/

32	 �Zákon č. 134/2016 Sb. Zákon o zadávání veřejných zakázek. Available from: https://www.e-sbirka.cz/
sb/2016/134?zalozka=text
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more efficient – Optimizing workflows and oversight to speed up procurement while main-
taining transparency and fairness.

 � Creating a support centre that provides guidance for contracting authorities and serves as 
an information hub for suppliers – Establishing a knowledge centre to assist public author-
ities and businesses in navigating procurement rules and best practices.

 � Strengthening the ability to secure funding from EU programs and ensuring efficient use of 
EU funds – Enhancing strategies to access and more importantly effectively utilize Europe-
an funding for national development projects.

Environmental perspective in public procurement
A key public interest to consider in procurement is the environmental impact of purchases. 
Green Public Procurement (GPP) refers to procurement practices that prioritize environmen-
tally friendly solutions. When these principles are extended to circular economy strategies, the 
process can also be called Circular Public Procurement. GPP is a process where public autho-
rities choose goods, services, and works with a lower environmental impact throughout their 
life cycle. GPP can be promoted in many ways and the most common approaches are to define 
limits in procurement regarding:

 � the use of sustainable and renewable resources,
 � reduction of waste, pollution, and carbon emissions,
 � support for energy-efficient technologies and environmentally responsible businesses,
 � setting green criteria in tenders, such as requiring suppliers to meet eco-label standards.

While GPP has many benefits, it also comes with certain risks and challenges. Sustainable pro-
ducts and services can have higher initial costs, even if they offer long-term savings. Therefore, 
it is necessary to implement parameters describing the need of the contracting authority and 
consider long-term aspects of the purchase to justify the initial costs. The parameters should 
also be adjusted based on the market availability to ensure competition. Some green alter-
natives may not be widely available, leading to fewer suppliers and reduced competition. The 
tender must be inclusive enough to ensure the competitiveness of the tender and prevent 
favouritism toward a limited number of suppliers. 

Defining and verifying green criteria in tenders can be complex and require specialized 
knowledge. In some cases, the public authority needs to consider broader sustainability aspects. 
It is possible to define the parameters of the tender according to the well-known sustainability 
assessment schemes. In the building industry, it can be e.g. SBtoolCZ, BREEAM, LEED.

Defining of the parameters of the tender can be time demanding and the contracting authori-
ty must apply all criteria according to procurement regulations. These strict procurement rules 
may slow down or complicate the integration of green criteria. The process can also be hin-
dered by resisting stakeholders, who could question the process or parameters of the tender 
based on their own business interests. 

The process of green public procurement
The requirements and parameters of green public procurement can differ among tenders. 
However, the process and its basic principles will still be the same and can be applied not only 
in public tenders but also in private procurements, where the contracting authority prefers fo-
cusing on quality over price. 
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The procurement process key steps:

 � Defining Needs and Requirements – Identifying the goals and outcomes of the project 
while assessing the potential for circularity, risks, and opportunities. Instead of assuming a 
new construction is necessary, assess whether existing resources (e.g., renovation, shared 
spaces) can meet the requirement. Internal buy-in and collaboration with key players (e.g., 
management, procurement teams) are critical for aligning goals and ensuring smooth im-
plementation.

 � Specification and Award Criteria Selection – Engaging in pre-procurement consultations, 
deciding on the procurement procedure type, and setting technical specifications and cri-
teria. Procedures like Innovation Partnerships and Competitive Dialogue support circular 
procurement by fostering collaboration and flexibility. Contracts should include require-
ments like guarantees, circular monitoring, and material take-back commitments

 � Engaging the Market – Identifying potential suppliers, conducting market consultations, 
and fostering relationships with stakeholders to ensure circular procurement success. Iden-
tify companies with sustainability track records and encourage collaboration across the va-
lue chain, possibly with a dialogue phase.

 � Evaluating and Awarding a Contract – Assessing tenders based on key performance indi-
cators, selecting the most economically advantageous offer, and ensuring alignment with 
circular economy goals.

 � Contract Management – Monitoring the execution of the contract, ensuring compliance 
with circular economy principles, and reviewing the performance of suppliers to improve 
future procurement processes

Figure 5.1 Iterative steps of green public procurement33

33	 �Circular procurement in construction sector, Hubert Bukowski et al., 2023. Available from: https://building-
circularity.eu/guide/circular-procurement-in-construction-sector/
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5.3.	 Best practice examples

Example: Supreme Audit Office (Czech Republic)
The newly designed building for the Supreme Audit Office (NKÚ), created by the architectural 
studio Masák & Partner, represents a forward-thinking approach to sustainable public con-
struction. The project was delivered using the Design & Build procurement method, a bold 
and responsible choice by NKÚ, which included a requirement to achieve at least a Bronze le-
vel certification under the Czech sustainability assessment system SBToolCZ. Through the de-
sign and documentation process, the project exceeded expectations and ultimately received 
the higher Silver certification. This approach demonstrates a strong commitment to quality 
and sustainability and sets a benchmark for future public sector projects. During the planning 
phase, key optimization and decision-making tools such as Life Cycle Costing (LCC) and Life 
Cycle Assessment (LCA) were applied to critical aspects of the building, including the structu-
ral system, building envelope, and fire safety solutions. These tools helped ensure that both 
environmental impact and long-term financial efficiency were considered. The sustainability 
analyses and certification preparation were carried out by ECOTEN consultancy, with the final 
certification verified and issued by the accredited authority TZUS. This project not only highli-
ghts the effective integration of circular principles into public procurement but also illustrates 
how ambitious sustainability targets can be realistically achieved through a comprehensive, 
well-managed process.

Figure 5.2 The newly designed building for the Supreme Audit Office (NKÚ)34

Example: Reused office building (Denmark)35

The procurement process started from charting the employees’ tasks in an everyday workweek 
to get an overview of the current space needs that the new building should meet in the fu-
ture. The important working relations between teams using network analysis were examined 
to determine which teams should be located together and where an informal meeting space 

34	 �The building of the Supreme Audit Office. Available from: https://www.nku.cz/cz/pro-media/tiskove-zpravy/
stavba-roku-id13590/

35	 �ProCirc Interreg Project. (2023). Retrieved from Circular tender for reused office building: https://northseare-
gion.eu/procirc/pilot-projects/circular-tender-for-reused-office-building/
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was required. The analysis confirmed a requirement for about 400 m2 of office space. The bud-
get was limited to 350,000 EUR while the goal was to have high reused materials content. An 
open dialogue with the suppliers asking them what sort of building they could deliver to fit the 
budget took place. Buildings in Denmark constructed using modular methods fitted the brief 
as these can be disassembled and rebuilt at a different location, providing a significant leap 
towards the goal of most of the materials being reused for construction.

Example: N61 road construction, Netherlands36

The N61 is the first tender in which SIA (Sustainable Infrastructure Approach) was applied. The 
main difference with previous tenders is the use of two new tools: the CO2 performance ladder 
and the DuboCalc method. This means that a tenderer is financially incentivised to reduce its 
CO2 emissions, create a sustainable design and use the most sustainable materials available. 
The contracting party’s requirements contained a reference design with environmental qua-
lity standards expressed as environmental-cost indicator (ECI) value and a green design with 
a lower value. The lower the ECI value, the lower the environmental impact and the higher 
the award advantage. In addition, the contractor can get a hefty fine if he fails to achieve the 
agreed ECI value. In a two-year construction period, the N61 can help reduce the overall CO2 
emission by seven kilotons.

5.4.	 Key notes

Public procurement is supported by the Public Procurement Act.

Green public procurement (GPP) integrates sustainability into public purchasing decisions to 
support tackling of the environmental and social challenges while not compromising on tech-
nical requirements.

Design and Build procurement is a method of project delivery in which a single contractor is 
responsible for both the design and construction of a project. This contrasts with the traditional 
approach where design and construction are separated into different contracts.

Learning by doing: Circular procurement is an evolving field, so gradual implementation, tes-
ting, and adaptation are key to success.

Iterative and non-linear: The circular procurement process involves feedback loops and lear-
ning-by-doing.

Collaboration both internal (within the procuring organization) and external (with market 
actors) is key. 

Innovation-friendly: GPP encourages adaptive procedures and long-term partnerships.
Transparency and fairness are critical for public procurement, especially during pre-tender and 
evaluation phases.

36	 �MVO Nederland and Pianoo. (2014). Sustainable Procurement: Government and Private Sector Experts Sha-
re Their Experiences with Sustainable Procurement.
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5.5.	 Tasks

Task 1

Search for an example of a public procurement online. For example, in the Czech Republic, you 
can find them here: https://www.sovz.cz/priklady-dobre-praxe

Discuss in teams of 2–3 people if it contains circular economy principles and/or how you would 
adjust it to include these principles. 

Task 2 

Workshop: Introduction to the workshop

Make groups and simulate a public tender for a museum building. Take on the role of members 
of the department responsible for the construction tendering process in a theoretical company. 
In this workshop, you will have to deal with the requirements of the board of directors for the 
project.

 After reviewing the case, there will be internal confirmation within the organisation that the 
construction requirements meet the needs of the organisation. For this purpose, information 
will be drawn on internal changes that affect the organization. This will be followed by a 
discussion on how to revise the Board›s assumptions.

In the next step, the market will be consulted based on the information gathered. Again, 
an internal group discussion will take place, leading to a possible revision of the Board›s 
assumptions.

First, gather all the information. Review the case description, carry out an internal confirmation of 
needs (Step 1), and take market possibilities into account (Step 2). Use the collected information 
when selecting technologies and strategies for circular states (Step 3).

After selecting the strategy and technology, define the criteria for selecting an offer (from a 
limited number) and the weights to be assigned to them.

You will then receive four offers containing information on how the required criteria are met. 
Based on these, select the winner of the tender.

Finally, the selection process for the individual groups will be shared with all participants, 
followed by a discussion of this process.

Introduction to the case of the Museum Building

A municipality of a city of 200,000 inhabitants plans to build a museum of the city‘s histo-
ry. Some council members are unsure about the interest of potential visitors in the museum. 
Survey analyses partially confirm these concerns. Nevertheless, the project was approved by 
the city council because the museum is intended to fulfil a representative function, to promote 
the city and to serve as a symbol of the city, even if it does not attract many visitors.



Circular principles in building construction 69

The building is to have an area of approximately 1 500 m2. A vacant plot of land in the centre of 
the town, close to other buildings and part of the park area, has been earmarked for this purpo-
se. Some trees will have to be felled to make the building fit on the land. The expected lifetime 
of the building is set for at least 70 years.

City Council‘s assumptions about the construction process:

The nature of the building requires an increased budget compared to a standard building 
of a comparable area. However, it must not exceed the standard cost by more than 30%. The 
construction period may increase by 50% compared to the standard case. There are no special 
requirements for energy performance, materials used, etc. beyond the applicable legislation. 
However, it should be noted that the City Council wants the building to be suitable for long 
term use.

Additional information: the City Council recently voted in favour of the Climate Change 
Adaptation Plan. The council does not directly reference it in its building assumptions.

Step 1 – internal confirmation of needs

Choose one of the three information about your needs randomly:

1.  Due to the transition of City staff to hybrid work, the City plans to lease a historic 
building near City Hall of approximately 500 square feet as a result of moving exis-
ting offices to City Hall.

2.  Subsequent analyses have shown that there is very little interest among resi-
dents and tourists in the history of the town. Perhaps the number of visitors may 
not guarantee the use of the building as a city museum in the future.

3.  Due to the development of the city and the increase in the number of administ-
rative staff, the city plans to lease offices or construct an administrative building.

Step 2 – market consultation

Choose one of the three options about your market conditions randomly:

1.  A large amount of wood and bricks from the demolition of a residential building 
from the early 1950s appeared on the local market. The condition of the materials is 
very good, also their price is more favourable compared to new materials.

2.  The cost of heating has increased significantly due to global socio-economic 
problems. Rising costs are also reflected in the city budget. Analysts predict that 
these costs will increase further in the coming years, especially for non-renewable 
energy sources, which may be further burdened by the announced environmental 
taxation.

3.  Construction companies and new businesses are emerging in the local market, 
exploiting the considerable forest resources around the town.
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Step 3 – select circular strategies and technologies

Based on your knowledge and information from the previous chapters discuss in your groups, 
what strategies and technologies should be applied on your case. The aim is to select the stra-
tegies, aspirations, or specific activities and technologies that can be included in the terms 
of reference and that best match the requirements and conditions identified in the previous 
steps.

Step 4 – select parameters for a public tender

Select the award criteria (quantitative only for clarity) from the following.
 � Initial construction cost
 � Total cost of ownership over 70 years of building operation, including construction costs
 � After-sales service and technical support – building warranty in years
 � Risk: Bidder‘s insurance to cover the warranty period (in case of bankruptcy, etc.)
 � Quality – estimated lifetime of the building in years
 � Delivery terms – duration of construction
 � Competence of the bidder (number of projects with below average carbon footprint per m2 

in the market)
 � Labels and certificates indicating circularity competence.

Assign the weight to each of the selected criteria. The sum of the weights assigned should be 
100%.

Step 5 – selection of the supplier

See the offers from suppliers below. Select based on the score, which is calculated as follows:
 � For criteria focused on the lowest possible value (e.g. price), the proportion of the lowest 

proposed value among all tenders in relation to the value proposed by the tenderer shall be 
calculated.

 � For criteria aiming at the highest possible value (e.g. lifetime in years), the proportion of the 
value proposed by the tenderer in relation to the highest value proposed among all tenders 
should be calculated.

 � The result for each of the selected criteria should be multiplied by a predetermined weight 
and then summed.

The selection of a particular tender is determined by the highest overall score.

Supplier 1

Initial construction cost: € 5 million
Total cost of ownership: € 150 million
Construction guarantee in years: 3
Insurance to cover the guarantee period in years: 0
Estimated useful life of the building in years: 70 years
Construction duration compared to standard, terraced construction: 100%
Number of projects completed with a carbon footprint per m2 below average market value: 2
Labels and certificates indicating circularity capabilities : 0
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Supplier 2

Initial construction cost: € 7 million
Total cost of ownership: € 120 million
Construction guarantee in years: 5
Warranty insurance in years: 3
Estimated useful life of the building in years: 70 years
Construction duration compared to standard, terraced construction: 110%
Number of projects completed with a carbon footprint per m2 below average market value: 7
Labels and certificates indicating circularity capabilities: 2

Supplier 3

Initial construction cost: € 6 million
Total cost of ownership: € 130 million
Construction guarantee in years: 4
Warranty insurance in years: 2
Estimated useful life of the building in years: 80 years
Construction duration compared to standard, terraced construction: 130%
Number of projects completed with a carbon footprint per m2 below average market value: 20
Labels and certificates indicating circularity capabilities: 5

Supplier 4

Initial construction cost: € 6 million
Total cost of ownership: € 140 million
Construction guarantee in years: 10
Warranty insurance in years: 5
Estimated useful life of the building in years: 100 years
Construction duration compared to standard, terraced construction: 120%
Number of projects completed with a carbon footprint per m2 below average market value: 5
Labels and certificates indicating circularity capabilities: 3

Step 6 – discussion of the results

This task is a simplified version of a public procurement to present the aspects of the process as 
well as the possible use of parameters and metrics. The process does not cover all possibilities 
in GPP. Therefore, review the process in your group and discuss how your final decision was 
affected by decisions and information in the previous steps. Reflect on the following questions: 

 � Is there something missing in the process?
 � Do you think that the need of your role will be satisfied by the result?
 � Is there any strategy or technology, that you decided to not include in the tender? What 

would you need to change to include it in the tender?
 � Do you know any example of GPP, which can be used as an example of good practice to 

improve the quality of the results of this task?
 � Imagine that you are now in the role of a building general supplier. What changes of your 

technology, product or service would be needed to be ready for GPP?
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5.6.	 Questions

What is the objective of green public procurement?

Can you give an example of green (circular) public procurement?

What is the difference between traditional procurement and design & build procurement?

What goals can green public procurement support and what criteria can be chosen to sup-
port these goals?

How would you assess if a green public procurement was successful?
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6.	 Building Deconstruction 

6.1.	 Introduction

In this chapter, we will focus on the correct approach to selective deconstruction and pre-de-
molition audits. This includes identifying building materials, estimating their quantities, propo-
sing a deconstruction procedure for the building, and managing waste materials.

6.2.	 Background information

Selective deconstruction is a procedure focusing on the maximal use of materials and produ-
cts obtained from the demolished building. During selective deconstruction, constructions are 
disassembled separately, and materials are sorted on site. Therefore, a pre-demolition audit 
must be performed to prepare a demolition plan. A demolition plan includes the status of the 
structure, a brief description of the structure, the organisation of the demolition work and in-
formation on compliance with the requirements of the authorities concerned.

The correct procedure for the demolition of buildings has the following stages:
 � Mapping of the object – establishing the procedure for clearing stripping and demolition of 

the object
 � Clearing the buildings of furnishings and municipal waste
 � Stripping of the building – sorting of materials
 � Handing over the object ready for demolition
 � Machine demolition – continuous sorting of materials

 
During the first phase, the site needs to be carefully analysed. It is advisable to carry out a search 
and obtain information about the site, such as information on the possible presence of sub-
stances with adverse effects on human health and the environment. It is necessary to describe 
the materials on site and suggest ways of sorting and reusing them in order to efficiently plan 
the different steps of their physical removal and the subsequent demolition of the building.

The second and third phases include the clearance of the building of all disturbing and har-
mful substances. At the end of the third phase, only the structure skeleton will remain, free of 
components and equipment that could contaminate the materials recovered after demolition.
The handover phase is used to control the clearance of the building. It is possible to specify the 
different steps of the demolition process.

The last phase is the mechanical demolition, which proceeds from the external structures to 
the internal ones, to avoid mixing the different materials. The materials can be re-sorted on-site 
during the demolition work.

The advantage of this procedure is that there is no mixing of disturbing and harmful substan-
ces with other materials. Instead of unusable waste, secondary raw materials are produced 
which can be further used under certain conditions.
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6.3.	 Pre-Demolition Audit and Selective deconstruction

A pre-demolition audit is the outcome of the so-called „building mapping,“ which should be 
conducted before the actual removal of the structure. Based on available documents and an 
on-site inspection of the building, the audit aims to estimate as precisely as possible the pre-
sence of hazardous substances, potentially hazardous materials, and materials suitable for reu-
se or recycling, along with their quantities. It further suggests a plan for deconstruction and 
material sorting to ensure the removal of hazardous and potentially hazardous wastes and to 
minimize the risk of contamination of reusable and recyclable construction products and ma-
terials.

6.3.1.	 Building Description and History

Before inspecting the building, it is recommended to review:
 � Documentation of the building‘s compliance with construction law and its actual use in 

accordance with its intended purpose.
 � Information on the building‘s history.
 � Any structural and technical surveys, if available. If no survey has been conducted, it is advis-

able to perform one.
 � Activities previously carried out within the building, focusing on the raw materials, products, 

and wastes handled, particularly hazardous chemicals, substances, and the areas where 
these materials were stored.

 � The building‘s heating system, fuel types used, handling, and storage methods.
 � Methods of wastewater disposal, their quality, and the locations of pre-treatment facilities, 

along with tracing materials used for drainage systems or the presence of non-drainage 
tanks.

 � Other sources of air pollution and emission control devices for maintaining emissions limits.
 � Water sources in the building (wells, water pipes, particularly those containing lead or as-

bestos), as well as water storage and treatment equipment.
 � Results of any environmental audits if the building was subject to such evaluations.

6.3.2.	 Building Inspection

The building inspection, including photographic documentation, is a key element for the pre-
-demolition audit. The following should be assessed during the inspection:

 � Verification of partition thicknesses, ceiling panels, and the materials used, particularly those 
containing asbestos or other hazardous substances.

 � Identification of load-bearing elements and a check of their dimensions and construction.

In cases where detailed demolition documentation is necessary, it is crucial to accurately esti-
mate the forces acting on the building‘s structure. While project documentation (if available) is 
helpful, it may not always reflect the actual structure accurately.

The purpose of the inspection is to identify specific parts of the building that may become 
hazardous waste upon removal or may be the source of such waste. It also serves to identify 
materials that can be reused or recycled. The inspection should assess the types of constructi-
on and demolition waste that will be generated, detailing their quantity, quality, and location 
within the structure. Identified sections of the building that can be safely removed without 
compromising the structural integrity will be documented to avoid the mixing of hazardous 
and non-hazardous waste.
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6.3.3.	 Estimation of Waste Quantities and Types

Determining the quantities and types of materials and waste relies primarily on the project do-
cumentation, actual building conditions, and, if conducted, a structural and technical survey. 
Waste quantities are typically expressed by weight, but it is also advisable to estimate volume 
to ensure sufficient storage capacity (e.g., containers, bags). The steps include:

 � Listing the building‘s technological equipment.
 � Describing the building‘s usage, including the presence of chemicals, fuels, and their stor-

age locations.
 � Evaluating heating, ventilation, air conditioning systems, and their emissions.

6.3.3.1.	 Identification of Hazardous Materials

Hazardous construction materials that must be removed before demolition include:
 � Asbestos, lead, tar, and equipment containing hazardous chemicals.
 � Materials with artificial mineral fibers, PCB-containing insulation, mercury-containing de-

vices, and radioactive smoke detectors.
 � Contaminated soil, combustion residues, or other polluted building materials

6.4.	 Execution of a Building Demolition or Partial Building Demolition

When demolishing a building or its parts as part of a building modification or maintenance, it 
is necessary to systematically remove designated building sections, focusing on those mate-
rials that complicate the recycling of construction debris and, where technologically and eco-
nomically feasible, include:

 � Window and door fillings of building structures,
 � Metal and wooden roof structures,
 � Flooring and structures made of metal, plastic, or wood,
 � Plumbing accessories,
 � Utility distribution systems,
 � Technological infrastructure – electrical panels, transformers, heat exchangers, HVAC sys-

tems, elevators, etc.

These materials must be handled separately as specific types of construction waste. Buildings 
should be dismantled selectively, with a particular emphasis on future material reuse. Key stre-
ams of construction and demolition waste must be carefully sorted and stored separately to 
ensure the necessary quality of sorted materials intended for recycling or reuse:

 � Concrete, bricks, plaster, tiles, and ceramics, gypsum,
 � Insulation materials for facades (e.g., polystyrene, mineral insulation, etc.).

To enable reuse and recycling, an increasingly broad range of materials should be dismantled:
 � Lightweight exterior cladding materials,
 � Window and door fillings (PVC, flat glass, metals, window frames),
 � Cladding materials and sanitary products,
 � Central heating boilers, water heaters, radiators,
 � Lamps and lampshades,
 � Steel structures and cladding materials.

The recommended deconstruction procedure includes building clearance, stripping and me-
chanical dismantling, which is outlined in the following chapters.
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6.5.	 Deconstruction and Waste Sorting

The recommended deconstruction procedure consists of the following stages:

6.5.1.	 Clearing the building:

 The first phase of deconstruction involves clearing the building and sorting municipal waste so 
that only a minimal amount ends up in landfills. Waste must be categorized – paper, plastics, 
wood, electronics. Items typically found in buildings include:

 � Furniture, kitchen units, tables, chairs,
Electronics, blinds, notice boards,
Paper, plastics, textiles, and other mixed waste.

Some items can be donated to reuse centres or refurbished.

6.5.2.	 Stripping and dismantling hazardous materials.

The second phase of deconstruction involves gradually stripping the building according to re-
commendations for sorting hazardous substances to prevent harm to human health, envi-
ronmental pollution, and contamination of recyclable waste. The following structural elements, 
products, materials, and waste are progressively stripped:

 � Removal of structural elements and products containing asbestos – in a controlled environ-
ment,

 � Asphalt roofing – cutting the roof membrane, followed by manual removal and transport to 
a landfill,

 � Chimney removal – classified as hazardous waste,
 � Dismantling of ceramic sanitary fixtures (toilets, sinks, faucets, connecting hoses, siphons, 

showers, bathtubs),
 � Stripping exposed heating, water, electrical, low-voltage, and HVAC systems,
 � Removal of wooden wall cladding and railings,
 � Removal of window and door fillings,
 � Sorting flooring by material,
 � Dismantling suspended ceilings – separating the structural framework and the infill,
 � Removal of plasterboard, aluminium, and glazed partitions,
 � Sorting metal scrap into light, heavy, and cable categories,
 � Flat roofs and terraces – removal of gravel layers and concrete paving,
 � Removal of thermal insulation – if removing whole panels, it is recommended to store them 

on pallets for reuse. If the panels are damaged or in poor condition, they should be removed, 
transported, and either recycled or disposed of in a landfill.

6.5.3.	 Mechanical demolition

Mechanical dismantling or demolition is performed using an excavator equipped with a de-
molition arm and accessories (shears, grabs). Mechanical equipment can be used to dismantle 
the following structural elements and materials:

 � Wooden beams and roof components,
 � Metal structural elements,
 � External insulation systems.
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Finally, reinforced concrete, concrete, and masonry structures are demolished using mechani-
cal equipment. Steel reinforcement from reinforced concrete is separated using shears, inclu-
ding from foundation structures.

Recommended Handling of Demolition Materials

Waste prevention includes measures taken before substances, materials, or products become 
waste. In practice, this means identifying areas for:

 � Reuse (e.g., selling used construction products at construction swaps or digital marketpla-
ces),

 � Preparation for reuse,
 � Careful sorting for reuse at the same quality level,
 � Limiting hazardous substances in materials and products.

If it is not possible to reuse individual construction assemblies for their original purpose, it is 
recommended to mechanically (physically) process the waste into recycled material (in a fa-
cility designated and permitted by the relevant regional authority) for further use, either as a 
construction product in accordance with specific legal regulations or as a material to be used 
as processed construction waste in designated locations as a replacement for primary raw ma-
terials. Examples include landfill closure and reclamation, backfilling of surface mines, qua-
rries, and sandpits, or land reshaping, reclamation, and other modifications of lands affected 
by human activity, in compliance with applicable regulations. In such cases, the use must be 
authorized by a decision from the relevant administrative authority (regional authority, buil-
ding authority) and must comply with other legal regulations.

6.6.	 Handling and Reuse of Demolition Materials

Waste prevention measures include identifying potential areas for reuse, thorough sorting for 
high-quality recycling, and limiting hazardous substances. If structural elements cannot be 
reused, mechanical treatment (e.g., crushing) should be considered for recycling, either as con-
struction products or secondary raw materials, subject to legal requirements and regulatory 
approval.

6.6.1.	 Utilization of Materials

Priority should be given to reusing construction products generated during demolition directly 
on-site when feasible, provided they are suitable for further use.

6.6.1.1.	 Material Utilization

It is recommended to prioritize and explore options for reusing construction materials gene-
rated during the demolition or partial removal of a structure as part of a building modification 
or maintenance directly on-site. A prerequisite is that the used construction materials must 
be safe for further use at the site, for example, they must not be contaminated with hazardous 
substances. This process is excluded for construction products containing asbestos.

Construction products that have been used in a building do not become waste if they are 
removed and subsequently reused at the same site or at another construction site for their 
original purpose (e.g., cleaned bricks, panels, beams, gravel, sand), as they do not meet the 
definition of waste. In such cases, they are not subject to waste legislation, and their usage is 
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governed by specific regulations. These materials must be documented in the project plans.

Construction and Demolition Waste Suitable for Recycling
 � 17 01 01 Concrete
 � 17 01 02 Bricks
 � 17 01 03 Tiles and ceramic products
 � 17 01 07 Mixtures or separate fractions of concrete, bricks, tiles, and ceramic products not 

listed under 17 01 06
 � 17 02 02 Glass
 � 17 03 02 Asphalt mixtures not listed under 17 03 01
 � 17 05 04 Soil and stones not listed under 17 05 03
 � 17 05 08 Ballast from railway tracks not listed under 17 05 07
 � 17 08 02 Gypsum-based construction materials not listed under 17 08 01
 � 17 09 04 Mixed construction and demolition waste not listed under 17 09 01, 17 09 02, and 

17 09

Conditionally Excluded Construction and Demolition Waste from Recycling

Construction and demolition waste may be excluded from acceptance into recycling facilities 
where the recycling process does not include the separation and separate removal of hazardous 
waste components. Waste containing hazardous substances (components) is conditionally 
excluded from recycling. Such waste can only be accepted if the facility’s processing includes 
separation and removal of hazardous substances, which are then transferred to an authorized 
entity for utilization or disposal according to waste legislation.
.  � 17 01 06* Mixtures or separate fractions of concrete, bricks, tiles, and ceramic products con-

taining hazardous substances;
 � 17 02 04* Glass, plastics, and wood containing or contaminated by hazardous substances;
 � 17 03 01* Asphalt mixtures containing tar;
 � 17 05 03* Soil and stones containing hazardous substances;
 � 17 05 05* Excavated waste containing hazardous substances;
 � 17 05 07* Ballast from railway tracks containing hazardous substances;
 � 17 06 03* Other insulation materials that are or contain hazardous substances;
 � 17 08 01* Gypsum-based construction materials contaminated with hazardous substances;
 � 17 09 01* Construction and demolition waste containing mercury;
 � 17 09 02* Construction and demolition waste containing PCBs;
 � 17 09 03* Other construction and demolition waste (including mixed construction and dem-

olition waste) containing hazardous substances;
 � 17 09 04 Waste Excluded from Recycling Facilities

Construction and demolition waste excluded from acceptance into all recycling facilities:
 � 17 06 01* Asbestos-containing insulation material
 � 17 06 05* Asbestos-containing construction materials

Handling of asbestos-containing waste should follow the methodological guidance for mana-
ging asbestos-containing waste generated during construction or demolition and for handling 
such waste.
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6.6.1.2.	Surface Application

Unprocessed construction and demolition waste in the form of non-recycled materials can 
be used on the surface only when closing landfills to create the sealing layer. Waste from sub-
-group 17 05 – Soil categorized as non-hazardous waste, can be utilized off-site (construction 
site) on designated and approved land areas, as authorized by the relevant regional authori-
ty, for landfill closure and reclamation, backfilling of surface mines, quarries, and sandpits, or 
for landscape reshaping and other modifications of lands affected by human activity. Suitable 
waste (excavated soil) can also be used on the surface in facilities operated in accordance with 
waste legislation, but only if the use of the waste (e.g., for land reshaping) is approved by a de-
cision of the relevant building authority, which sets the conditions for the use of suitable exca-
vated soil or waste with a designated catalogue number, in accordance with the requirements 
of waste laws and their implementing regulations.

6.6.1.3.	Energy Recovery

It is advisable to utilize available technologies for processing construction and demolition was-
te to achieve sorting and subsequent use of the waste as a source for fuel production. In addi-
tion to wood and wood products unsuitable for reuse or recycling, materials such as plastics, 
organic-based insulation materials, or waterproof asphalt layers can also be used for energy 
recovery, but only in stationary facilities authorized for thermal waste processing under air qu-
ality protection laws.

6.7.	 Best practice example

The architectural studio Boele has designed the conversion of the municipal baths in Chomu-
tov into a library, in line with circular construction principles. This means that the maximum 
number of structural elements will be preserved, refurbished, and reused, while unusable ma-
terials will be passed on for recycling.
In the design for the building’s conversion, the architectural qualities of the municipal baths are 
rediscovered and presented to visitors in their full glory. The iconic high hall of the swimming 
pool, with views of the adjacent park and the city centre of Chomutov, is retained and transfor-
med into a library with a unique atmosphere through a light wooden insertion.
The building’s volume remains largely unchanged, which not only saves public funds but also 
benefits the environment. The reinforced concrete skeleton structure will be cleaned, and 
through localized construction interventions, impressive entrance spaces will be opened on 
both the city centre and park sides of the building. The renovated glazed facades promote the 
community function of the building, while the new entrances open the interior to the public 
space, helping integrate the library into the urban fabric of Chomutov‘s city centre. A pre-de-
molition audit was conducted for the project, selective deconstruction was planned, and spe-
cific handling methods were proposed for individual structural elements and materials.



Circular principles in building construction80

  

Figure 6.1 Existing building and new project of Chomutov library37

6.8.	 Key Notes

Pre-demolition audits and selective demolition are critical processes for ensuring the sustai-
nable management of materials from construction and demolition (C&D) projects. These 
practices promote recycling, reuse, and the minimization of waste, while also addressing envi-
ronmental concerns and compliance with legal requirements. Below are the essential points 
to remember:

Pre-Demolition Audits

 � Before inspecting the building, gather all the documentation and information (structural, 
technical, operational etc) about the building.

 � An on-site physical building inspection is the key element for a demolition audit. 
 � Based on project documentation and the actual conditions a more realistic estimation of 

waste quantities and waste types (hazardous, non-hazardous) is possible. This step is crucial 
for assessing the potential for reuse or recycling before demolition.

Selective Demolition vs traditional demolition

 � Note the difference between selective and traditional demolition. Selective demolition 
involves the careful deconstruction of a building in phases, with a focus on separating and 
preserving materials that can be reused or recycled. This contrasts with traditional demoliti-
on, which typically results in mixed waste that is harder to sort and recycle.

 � During selective demolition an important step is to safely remove and dispose of materials 
containing hazardous substances (e.g., asbestos, PCB, or heavy metals).

37	 �Boele. Library in Chomutov. Available at: https://boele.cz/projects/knihovna_chomutov, author of the archi-
tectural design: Boele studio, author of the visualization: 2DRstudio
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Selective Demolition Process Steps
1. � Clearing and Sorting of non-structural items (e.g., furniture, electronics, appliances).
2. � Dismantling Building Elements such as doors, windows, roofing, plumbing, electrical sys-

tems, and fixtures in a way that preserves their integrity for potential reuse.
3. � Stripping and Hazardous Material Removal in a controlled environment to ensure safety. 
4. � Mechanical Demolition

6.9.	 Tasks

Task 1: Pre-Demolition Audit Report

Imagine you are responsible for conducting a pre-demolition audit for an old commercial buil-
ding.

 � Instructions: Describe key structures, which are usually used in old commercial buildings. 
Outline the key steps you would take in the audit process. Identify the types of materials you 
would look for (e.g., hazardous substances, reusable/recyclable materials), potential challen-
ges, and how you would ensure compliance with environmental and safety regulations.

 � Focus: Material identification, regulatory compliance, and waste reduction strategies.

Task 2: Selective Demolition Plan

Design a selective demolition plan for a residential building.
 � Instructions: Outline the step-by-step process for carefully dismantling the building, focu-

sing on the recovery of reusable and recyclable materials. Include the methods for safely 
handling hazardous materials and minimizing environmental impact. Provide a flowchart 
or timeline to illustrate the phases of the demolition.

 � Focus: Material recovery, waste minimization, hazardous material handling.

Task 3: Debate on Traditional vs. Selective Demolition

Prepare for a team debate on the pros and cons of traditional demolition versus selective de-
molition.

  �Instructions: In groups, research the benefits and drawbacks of both methods, including 
cost, environmental impact, and time efficiency. Each group will represent either traditional 
or selective demolition and will argue for their assigned method. Which approach do you 
believe is more sustainable in the long term?

 � Focus: Critical thinking, sustainability, cost-benefit analysis
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6.10.	 Questions

What are the benefits of a pre-demolition audit?

What is the main purpose of a pre-demolition audit, and how does it contribute to sustaina-
ble building practices?

During a pre-demolition audit, how do you identify materials that are suitable for reuse or 
recycling? What criteria must these materials meet?

What are the most common hazardous materials found during demolition projects, and 
what are the proper steps for safely managing these substances?

Explain the key differences between traditional demolition and selective deconstruction. 
What are the environmental and economic benefits of selective deconstruction?
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How can a selective deconstruction plan help reduce waste, and what types of materials are 
typically recovered for reuse or recycling?

In what ways do pre-demolition audits ensure compliance with environmental and safety 
regulations? Give examples of regulations that apply to demolition projects.

What challenges might you face when conducting a pre-demolition audit in an older buil-
ding, and how would you address them?

How does selective deconstruction align with the principles of circular economy, and how can 
it be implemented more widely in the construction industry?
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7.	 Resource and Waste management

7.1.	 Introduction

This chapter outlines the key principles of waste management in construction works, with 
a particular focus on relevant legislation and regulatory frameworks. It is intended as an intro-
ductory guide for pre-demolition auditors, providing a foundational understanding of waste 
categorization and the assessment of hazardous properties. Readers are advised to consult the 
latest legislation and specialized literature for more detailed and up-to-date information.

7.2.	 Background information

Construction and demolition waste account for one third of waste generated in Europe, ac-
cording to the data from the EU Commission. Materials from demolitions have a high resou-
rce value. Most of these materials which are non-hazardous and inert can easily be recycled or 
reused, yet many still end up in landfills across Europe.38 

Barriers: There are many reasons for this wasteful approach. One of them is that there are still 
not sufficient national regulatory frameworks in place for mandatory pre-demolition audits, 
which are key to correctly analysing material potential of the building flagged for demolition or 
renovation, neither for selective deconstructions, which would ensure correct separation and 
sorting of the key material streams and therefore easier recycling or reuse. Economically, the 
lack of financial incentives and the high costs associated with deconstruction and recycling 
make circular practices less attractive than traditional methods. Cultural resistance and limited 
awareness among stakeholders further slow progress and the organizational fragmentation 
and poor collaboration across project stakeholders hinder early integration of circular principles 
as well. Moreover, low trust in recycled materials, combined with insufficient data on building 
materials and the technical issues tied to secondary products, makes effective reuse difficult. 

Opportunities: Buildings are banks of a wide array of materials. The largest volume consists 
of materials such as concrete, bricks, steel and other metals, wood, glass and various types of 
plastic. There are recycling technologies and reuse practices already existing, however it varies 
from country to country and material to material. There is tremendous potential in these was-
ted materials, which could instead be put back into circulation and thus save primary resources 
from being extracted unnecessarily. A waste hierarchy has been introduced by the European 
Commission along with a Waste Framework directive which pushes for a more efficient mate-
rial or resource utilisation during their life cycle. The management of the separate construction 
and demolition material waste streams is therefore a core strategy for the transition towards a 
more sustainable construction sector. In the following chapter, you will find a brief overview of 
the regulations already in place. 
 

38	 �European Commission. Construction and demolition waste. Available online: https://environment.ec.euro-
pa.eu/topics/waste-and-recycling/construction-and-demolition-waste_en
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7.3.	 Legislation overview

7.3.1.	 European Legislation overview

EU´s Waste Framework Directive (Directive 2008/98/EC)

In order to prevent waste generation and increase the amount of recovered materials or com-
ponents, a Waste Frame Directive was implemented to protect the environment and human 
health. It includes definitions of waste, recycling and recovery and sets a legal framework for 
managing and treating waste in the EU. It also introduces the concept of a waste hierarchy, 
which aims to improve resource efficiency and reduce the harmful impacts of waste generati-
on. As seen in the inverted pyramid, prevention of waste is the desired goal and the disposal of 
a product into a waste stream should be considered only as a last resort. This directive applies 
to all types of waste in general, including construction and demolition waste.39

PRODUCT
(NON–WASTE)

WASTE

Figure 7.1 – Waste hierarchy

Unfortunately, with the vast number of various types of materials in our products, including 
hazardous materials, there are difficulties with finding the best solution for their end-of-life 
scenarios which could be applied in a blanket manner. Specific approaches are required for 
certain types of waste, which means additional EU regulations were and still are being created 
to address them. Be sure to check for the most updated versions on official websites.

All countries of the EU report to the EU Commission about their implementation processes 
of the EU waste laws and on the status of achieving the targets for waste collection, reuse, re-
cycling and recovery. For up-to-date reports, you can visit the website of the EU Commission 
directly: https://environment.ec.europa.eu/

39	 �European Commission. Waste Framework directive. Waste Hierarchy. Available online: https://environment.
ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en
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The EU Construction & Demolition Waste Management Protocol including guidelines for pre-
-demolition and pre-renovation audits of construction works (Updated edition 2024)

As the name of this protocol suggests, its aim is to promote circular construction principles by 
improving CDW management. It focuses on the destigmatization of recycled materials and 
re-used products, it promotes selective demolition and the necessity of pre-demolition audits 
to help analyse the potential for reuse and to identify hazardous materials. 40

REACH Regulation

REACH regulation (EC No. 1907/2006) in force since 2007 with the last change and consolidati-
on from 2024, controls the Registration, Evaluation, Authorisation of Chemicals in the Europe-
an Union. It aims to regulate the safe use of chemicals in the EU and enhance transparency. 
All manufacturers and product importers must register information about their products‘ pro-
perties to the central database of the European Chemicals Agency. This includes construction 
products as well. 41

CPR 

The CPR regulation stands for the Construction Product Regulation. “It lays down harmonised 
rules for the marketing of construction products in the EU. The Regulation provides a common 
technical language to assess the performance of construction products. It ensures that reliable 
information is available to professionals, public authorities, and consumers, so they can compa-
re the performance of products from different manufacturers in different countries.42

7.3.2.	 National level legislation overview – Czech Republic

The EU goals to transition to a circular economy within the Waste Framework Directive trans-
pose into each of its country‘s own legislation. Following is a short overview of the main waste 
management related legislation of the Czech Republic, pinpointing paragraphs specifically fo-
cusing on construction and demolition waste.

Waste Act No.541/2020 Coll., as amended

According to the Waste Act, a procedure for construction waste generators is established for 
how to deal with CDW, so that these materials and waste from construction and demolition 
can be reused to the greatest extent possible

40	 �European Commission. Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs, Obe-
render, A., Fruergaard Astrup, T., Frydkjær Witte, S., Camboni, M. et al., EU construction & demolition waste 
management protocol including guidelines for pre-demolition and pre-renovation audits of constructi-
on works – Updated edition 2024, Publications Office of the European Union, 2024, https://data.europa.eu/
doi/10.2873/77980

41	 �REACH Regulation. Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 De-
cember 2006 concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH), 
establishing a European Chemicals Agency, amending Directive 1999/45/EC and repealing Council Regula-
tion (EEC) No 793/93 and Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC 
and Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC (Text with EEA relevance)Text 
with EEA relevance.

42	 �Construction Product Regulation (CPR). REGULATION (EU) No 305/2011 OF THE EUROPEAN PARLIAMENT 
AND OF THE COUNCIL of 9 March 2011 laying down harmonised conditions for the marketing of constructi-
on products and repealing Council Directive 89/106/EEC.
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Implementing Decree to the Waste Act (No. 273/2021 Coll.)

 §42 and Annex No. 24 of this implementing decree describe the handling of demolished buil-
ding materials and their proper sorting at the site of a construction or a demolition. They can 
be divided into materials that can be reused, materials that fall under the by-product regime 
(namely, only soil, stone and reclaimed asphalt mixtures are listed) and materials that contain 
hazardous substances.

Decree No. 8/2021 Coll. Decree on the Waste Catalogue and assessment of waste properties 
(Waste Catalogue) 

„Waste is classified by type and category in accordance with § 6 and 7 of Act No. 541/2020 Coll., 
on waste and the implementing regulation (Waste Catalogue decree).“

A company generating waste follows an established procedure when classifying its produced 
waste in the Waste Catalogue. Most waste is classified under six-digit numbers, where the first 
two-digit number indicates the waste group from 1-20 (17 is, for example, the two-digit num-
ber for Construction and demolition waste (including excavated soil from contaminated sites). 
The second two-digit is the subgroup (17 01 is, for example, for concrete waste, bricks, bags and 
ceramics). The third two-digit indicates the type of waste (17 01 01 is specifically for concrete 
waste). Some waste is classified under an eight-digit catalogue number which is for sub-types 
of waste. If our generated waste consists of several components that are clearly identifiable and 
we also know their individual catalogue numbers, then priority is given in assigning them the 
catalogue number of the material that is the most dangerous and harmful to the environment 
and to humans.

Act 283/2021Coll. Construction Act

§ 151 sets the requirements for sustainable use of natural resources during construction. The 
structure must be designed, implemented and removed in such a way as to maximize the reu-
se or recyclability of materials and structures. This includes the use of natural raw materials as 
well as materials that have been generated from previous construction activities or the use of 
by-products that have ceased to be waste.

Methodical Guideline of the Ministry of the Environment of the Czech Republic for managing 
the generation and handling of construction and demolition waste (2018)
This guideline fulfils a Government Resolution No. 1080 of December 22, 2014, implementing 
Government Regulation No. 352/2014 Coll. on the Waste Management Plan of the Czech Re-
public for 2015–2024. A new bill (Waste Act No.541/2020 Coll., mentioned above, has been intro-
duced since), nevertheless, this guideline is still relevant. It is based on the EU CDW manage-
ment protocol also mentioned above. It primarily aims to reduce hazardous waste generated 
during construction, maintenance, modifications, and demolition of buildings, standardize 
waste classification procedures, prioritize waste utilization, and minimize risks associated with 
handling construction and demolition waste.
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7.4.	 Waste management and the process of analysing waste 

Material and waste data analysis

The first step in waste management involves a detailed examination of materials, not only in 
terms of its quantity but also the cleanliness of the components (e.g. checking if there are no 
adhesives on the material which could be hard to remove). The goal is to identify key material 
streams and evaluate their economic and logistical feasibility. 

Note that feasibility of remanufacturing is influenced by the amount of materials. For example, 
small quantities might not be interesting enough business-wise for recycling facilities. Similar-
ly, transportation distances and associated costs play an important role in waste management 
planning and must be factored in. 

Understanding what kind of material you have on site, the quantity, the properties, who is the 
manufacturer and what the material consists of, figuring out if the material contains hazardous 
substances or not, requires time and meticulous research. 

Categorization of Materials

The categorization of materials follows a simple logic, however, there are questions that need 
to be addressed. 

Materials are divided into waste and non-waste. Waste, as understood according to EU legis-
lation, are materials, objects or substances we are planning to discard or are required to 
discard. Planning to discard means, that we cannot or do not want to reuse it for the material´s 
original purpose and we cannot or do not want to find an alternative solution for it either. Ha-
zardous materials or materials contaminated by hazardous materials (typically asbestos) which 
are dangerous for the environment or for human life are considered as waste and we are requi-
red to discard them as such. Waste is categorized using a specific Waste Code based on the 
European Waste Catalogue as described in the chapter above.

Example: Concrete from a demolished building is usually classified under the 17 01 01 Waste 
Code according to the Waste Catalogue. However, if the material is contaminated, for example 
with petroleum substances from construction machinery, it must be reclassified as hazardous 
waste. It is essential to always apply the precautionary principle to ensure proper handling and 
environmental safety.

By-products

Another important term in the waste management process is By-products. By-products are 
“substances or objects that arise from a production process whose primary purpose is not the 
creation of that specific item. These materials can originate from a variety of industries and 
may have significantly different environmental impacts. Proper classification of by-products is 
essential to prevent environmental harm and to avoid unnecessary costs for businesses.43

43	 �European Commission. Waste Framework directive. Waste Hierarchy. Available online: https://environment.
ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en#:~:text=The%20Waste%20Frame-
work%20Directive%20defines,have%20very%20different%20environmental%20impacts
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According to the Czech legislation (Waste Act No.541/2020 Coll.), a movable item created du-
ring a production process, where the main goal is not its creation, is not waste but a by-produ-
ct, if the following conditions are met:
1. � It arises as an integral part of the production process;
2. � Further use of the item is ensured;
3. � The item can be used further without additional processing, other than what is considered 

standard industrial practice;
4. � Its further use complies with other legal regulations or directly applicable EU regulations, 

and does not pose a threat to human health or the environment;
5. � If criteria for specific materials have been set by implementing regulations or directly 

applicable EU rules, these criteria must be met. This includes sampling and testing, or 
other methods specified by law, and the preparation of accompanying documentation in 
the required scope. 44

In the context of construction, this means that materials such as soil or stones generated du-
ring foundation work or excavation related to pipelines, roads, bridges, etc., may be considered 
by-products, provided they meet all the above conditions and any relevant criteria defined in 
regulations.

Exploring Reuse Potential for non-waste

The possibility of reusing materials which have been classified as non-waste (non-hazardous 
materials that are possible to reuse immediately on site for the same purpose or for a diffe-
rent purpose) can be verified through collaboration with manufacturers, where material data 
sheets are analysed. In the Czech Republic, in cases of regulatory uncertainty regarding waste 
and non-waste classification, decisions are sought from the regional authorities and the Mini-
stry of Industry and Trade. If necessary, environmental research institutes may conduct anony-
mized analyses to support decision-making.

The separation of hazardous waste and non-hazardous (other) waste might seem straight-
forward. If a material or product has properties (or has been contaminated by materials with 
properties) that are harmful to humans or the environment it is hazardous waste and must be 
disposed of carefully, by a firm specialized in hazardous waste disposal. Hazardous properties 
are listed in the EU Waste Framework Directive.45 

How to assess whether your material is hazardous or not? If you know what the composition 
of the material in question is, which is not usually the case on a construction/ demolition site, 
you can search for it in the globally harmonized system of the CLP Regulation (1272/2008/
EC)46, which stands for Classification, Labelling and Packaging of chemical substances and 
mixtures. The next step is to determine the hazard class it falls under. You cross check it with 
the EU Waste Framework Directive (2008/98/EC) in ANNEX III – properties of waste which ren-
der it hazardous. This list states detailed hazard property information, including concentration 

44	 �Zákon č. 541/2020 Sb., o odpadech. Available online: https://www.zakonyprolidi.cz/cs/2020-541
45	 �European Union. EUR Lex. Summaries of IE legislation. Available online: https://eur-lex.europa.eu/EN/le-

gal-content/glossary/hazardous-waste.html
46	 �CLP Regulation. Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 De-

cember 2008 on classification, labelling and packaging of substances and mixtures, amending and repea-
ling Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006 (Text with EEA 
relevance). Available: https://publications.europa.eu/resource/cellar/6bf54b59-7673-461b-b8e1-f24c545cb-
d3c.0006.05/DOC_1
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limits.47 In an ideal situation, you have the material safety data sheet of the materials you are 
dealing with, or you know who the manufacturer is and you can ask directly for these details. It 
might be worth trying to contact the manufacturers for their official recommendation on what 
the end of life-cycle solution should be or if they themselves provide any assistance with it. 

It is more common however, that we do not know what our material composition is, and it can 
be dangerous to assume that we can simply reuse it. Tests from certified laboratories are then 
required. For more detailed information about the whole process see the Commission notice 
on technical guidance on the classification of waste (2018/C 124/01).48 

Example: Imagine you need to deal with asphalt as a waste manager and the tests show you, 
the asphalt contains 0,4% of tar. Based on the CLP categorization, this asphalt can be conside-
red as carcinogenic. In the ANNEX III of the EU Waste Framework Directive the limit interval is 
2 > 0,3% which means that with 0,4% of tar the asphalt contains a carcinogenic component and 
is hazardous waste.

Please note that some materials can have specific national regulations that define the condi-
tions under which they can be excluded from the waste regime. Having mentioned asphalt 
in the previous example, there is a so called “Asphalt Decree”49 in the Czech legislation, that 
describes the conditions which allow asphalt to be managed outside of the waste regime if the 
material meets all the safety and reuse criteria. Knowing the relevant national legislation and 
the conditions of your materials is very important for the most efficient outcomes of your waste 
management plan. 

Other aspects to consider:

Is it feasible to separate the materials onsite considering the complexity of the task for the 
workers and the storage options of the location? Selective demolition is more time consu-
ming than a traditional demolition which is a big disadvantage. Optimizing the workflow of 
separating the materials and cleaning them plays an important role.

What are the recycling options for the sorted materials at the location? Transportation and 
its environmental implications should also be considered. Efforts are made to optimize trans-
port routes, reduce the ecological footprint of supply chain operations, and explore alternative 
transportation methods with lower carbon emissions. However, analysing the local recycling 
infrastructure and the distances from the demolition site are a crucial part of the waste man-
agement planning.

Analysing the infrastructure and the option for each material includes identifying local recyc-
lers and understanding their requirements, such as material specifications (sometimes a sam-
ple testing is required by the recycling facility), acceptance capacity, logistics requirements. An 
economic evaluation follows, considering transportation costs, potential purchase prices, and 

47	 �ECHA. EU. Substances according to Hazardous Waste Properties: Annex III, Directive 2008/98/EC, 22 No-
vember 2008, amended by Directive 2018/851/EU, 14 June 2018. Available: https://echa.europa.eu/hazardous-
waste-properties-ann-3-dir-2008-98?p_p_id=eucleflegislationlist_WAR_euclefportlet&p_p_lifecycle=0

48	 �European Union. EUR Lex. Commission notice on technical guidance on the classification of waste (2018/C 
124/01). Available from: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=oj:JOC_2018_124_R_0001

49	 �Vyhláška č. 283/2023 Sb. Vyhláška o stanovení podmínek, při jejichž splnění jsou znovuzískaná asfaltová 
směs a znovuzískaný penetrační makadam vedlejším produktem nebo přestávají být odpadem. Available 
online: https://www.zakonyprolidi.cz/cs/2023-283
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any processing fees. If this process is not viable, energy recovery is examined as an alternative. 
Landfilling is considered only as a last resort. 

Throughout the entire process, continuous communication between waste generators and 
recycling entities is essential. Research using databases such as ISOH in the Czech Republic, 
consultations with expert institutions, and ongoing assessment of recycling and reuse oppor-
tunities play a critical role in ensuring effective waste management.

7.5.	 Example of best practice 

Example: Tracimat is a Flemish non-profit organization established to manage construction 
and demolition waste (CDW) with a focus on quality assurance and environmental safety. By 
implementing a comprehensive traceability system, Tracimat monitors the selective demoliti-
on process from the identification of materials to their final processing. This ensures hazardous 
substances are safely removed and that cleaner, purer waste streams are delivered to recycling 
facilities. Officially recognized by the Flemish government, Tracimat certifies selective demoli-
tion processes and through their traceability system, they help ensure that the materials from 
selective demolitions are pure and free of hazardous substances, allowing them to be proce-
ssed more cost-effectively. By enhancing trust in both demolition practices and recycled ma-
terials, Tracimat supports higher-quality recycling and promotes the broader use of upcycled 
construction aggregates. 

Example: SAZKA building
The circular reconstruction of the Sazka building, originally built in the early 1990s, serves as a 
model of sustainable and responsible redevelopment, maximizing reuse and minimizing was-
te. Spearheaded by KKCG Real Estate Group, the project aims to transform the structure into 
a modern, energy-efficient Class A office building while applying circular economy principles. 
Central to the approach is the maximization of existing material reuse—not only through re-
cycling but also through the incorporation of secondary raw materials into new construction 
elements. In collaboration with architectural firm Pelčák a partner architekti, CASUA engineers, 
NOVECON, and circular economy experts from Cyrkl and the University Center for Energy Effi-
cient Buildings (UCEEB), a pre-renovation audit and material inventory were conducted. As a 
result, over 30 tons of equipment—including kitchen units, sanitary ware, and lighting—were 
reused or donated. Additional materials like glass, wood, and mineral substances are also being 
prepared for resale to companies such as Saint-Gobain and Kronospan for recycling. This pi-
lot project sets a new benchmark for circular construction or reconstruction in large-scale 
commercial development, demonstrating the viability of integrating sustainability and innova-
tion into the core of real estate projects. 50

50	 �KKCG. Cirkulární rekonstrukce budovy Sazka. Available online: https://kkcg.com/cs/zpravy/clanek/cirkularni-
-rekonstrukce-budovy-sazka
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7.6.	 Key notes

CDW represents about one-third of all waste in Europe, despite much of it being non-ha-
zardous and suitable for recycling or reuse. Still, a significant portion ends up in landfills due to 
systemic and structural barriers.

The European Waste Framework Directive provides the foundation for managing all waste, 
including CDW. It introduces the Waste Hierarchy, which introduces a concept of waste man-
agement with waste prevention as the main priority. Other supporting EU regulations promo-
te safe use of chemicals, traceability, and the responsible marketing of construction products.

Effective waste management starts with a detailed analysis of materials, focusing on quantity, 
composition, contamination, and reuse potential. Logistical and economic factors like trans-
portation and recycling facility availability must also be considered when assessing feasibility.

Materials from a demolition or renovation project are sorted as waste or non-waste and further 
assigned a Waste code based on a standardized European Waste Catalogue. Waste includes 
any material intended for disposal, especially if contaminated or hazardous. Proper classificati-
on may require laboratory testing, consultation of safety data sheets, or expert guidance, espe-
cially in unclear cases. 
Certain materials, like soil or stone, can be classified as by-products if they meet specific legal 
conditions and pose no environmental risks. Materials that are non-hazardous and reusable 
may be reintegrated into construction through collaboration with manufacturers and regula-
tory consultation.

Determining if a material is hazardous involves checking its composition and comparing it to 
legal thresholds. In cases of uncertainty, certified lab tests and regulatory guidance are nece-
ssary to ensure proper handling and environmental safety.
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7.7.	 Tasks

Task 1:

Pick a building of your own choice, that you know well (your house, the house of your family, 
etc.) Propose how to reuse materials on-site for a new house construction in the same location. 
Identify potential recycling or disposal options based on the local infrastructure. Use available 
resources (such as the ISOH database for the Czech Republic) to determine possible recycling 
pathways. Research and suggest companies, organizations, or individuals who might be inte-
rested in acquiring specific materials/products. Justify your choices based on practicality and 
local availability.

Task 2:

In teams, discuss creative ideas you have seen or heard of for material or product reuse/upcyc-
ling/downcycling. Can these ideas be scaled up as new business opportunity? Discuss what 
the challenges and opportunities are. 

Task 3: 

Take on the role of a waste manager at a demolition site. How will you deal with a few tonnes 
of impregnated wood following the waste hierarchy principle? What are the correct steps? Pre-
pare a realistic scenario of these steps.
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7.8.	  Questions

What is the Waste Framework Directive? 

What are the main regulations regarding waste management in your country?

Can you explain the idea of waste hierarchy?

How do you classify materials according to the Waste Catalogue Decree?

Where can you find information on the correct waste management procedure?
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What costs should you expect if you are considering prioritizing the selective removal and reu-
se of deconstruction materials?

What are the steps of assessing if a material from a demolition site is hazardous?
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