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Introduction to the CDWAste Project

CDWaste Manage VET aims to develop an online free dual training programraertipeanconstruction
workers who want to implement their professional skills in construction and demolition waateagement
with an online methodology to improve their employment opportunities and career advancement.

The project aims to build a quatifition pathfor CDW management workers which targets all workers included

in EQF 3, 4 and 5. The training path thall Wwe created will satisfy the training of all workers in the civil
construction sector who want to improve and deepen their knowledge skills onCDW management. The
project will be structured in modules which will contain training units based onrdiffeEQF levels enabling
workers with less experience and skills to follow those with an EQF 3, while a foreman/construction foreman
or atechnicianswill be able to follow training units with a higher EQF level of 4 and 5. In this way we will be
able totrain all workers in the construction and demolition waste chain in the construction of civil housing.

The construction sector makes émsive useof natural resources generating strong impacts on the territory
and perhaps with a consequent progressiv@overishment of raw materials that is not unlimited. The problem
can be partly contained by minimising waste production, i.e. the rati@mal disqgdlined use of available
materials and encouraging the recovery of the waste produced.

This waste is the vate products generated during the various building processes that affect a building in its
various phases of life: mainly construction, o@ation anddemolition.

This is the context of the CDWaste Manage VET project involving the following countmes, Beeece, Italy,
Romania, Spain and Portugal.

Following the information gathered through the
research conducted in 101, throughout |@R2order

to give a solid methodology to the design of the
training programme CDW Manage VET, we
proceeded to definghe learning outcomes in terms
of knowledge, skills and competences, according to
the EQF. A matrix of learning outcomes will then be
estalished.

The inputs collected took into account that the
target group of the training are consisting of
constructionworkers able or wishing to acquire a
level 5 qualification. This training should also allow
an updating of skills for workers at a levek hower
than EQF 3.
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Training modules

Module 1. Waste legislation and environmental records

LU1 National regul&ins and requirements for waste management
LU2 National regulations and requirements for the management and reuse of CDWaste

Module 2. Wate managenent on site

LU1 The properties of waste and its classification

LU2 Audit Prédemolition: quantitative andjualitative aspects of inert waste
LU3 Waste management planning on site

LU4 Orsite compliance in the management and recycling of CDWaste
LUSSelective demolition and CDWaste recovery

Module 3. Construction and Demolition Waste Management and Recycling

LU1 Waste treatment activities on site in the different processes
LU2 Requirements and procedure for-site reuse and recycling of inartaterials from CDWaste's activities
LU3 Selective demolition and recycling plan: costs and benefits

Module 4. LCA blding materials and environmental sustainability

LU1 Environmental damage due to nmtovery of waste from CDWaste

LU2 Objectives and stegies for a low impact construction site environmental

LU3 Economic and social considerations that must be madedmelection of sustainable products
LU4 Material selection with the LCA method
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Modulel - Waste legislation and environmental werds

1. Definition and objectives of the module
CKA& GNIAYAY3I Y2RdzZ SQa 206 2S00 Asgad krowledge 20 apply existing iatsnal afd Ny S
European regulations and standards to activities related to CDW management.

The first unitwill focus on national waste management ldgi®n, emphasizing the knowledge necessary to appropriately
carry out &tions in relation to the identification and classification of waste, as well as the safety measures necessary to
meet the environmental dteria in agreement with national regulatioms this respect.

The second unit will focus on national CDW spedfigslation, emphasizing the knowledge necessary to appropriately
carry out actions to be taken on site in relation to the identificatio€B\W, as safety measures to meet the envirenial
criteria set by national regulations in this respect.

The third urit will focus on European regulations and standards regarding the management and reuse of CDW. emphasizing
the knowledge necessary to apgndately carry out actions in relation to kpig environmental records.

2. Learning units table:

Contact hours0

Module 1:Regulatiors applicable to Hours of practice0

Total duration: 8 hours

the management of CDW and Hours of sudy: 7
environmental registers. Evaluation hours: 1

Units Module 1

1. Unit 1: National waste management legislation and regulations (EQF 3)
2. Unit 2: National regulations and legislation for the management angseeof CDW (EQF 3)

Distribution of learning units
Unit 1: Nationhwaste management | Unit 2: National regulations and
legislation and regulations legislation for the management and
re-use of CDW

Contact hoursf Contact hours0
Practical hours: 0 Practical hours: 0
Study hours: 4 Study hours3
Evaluation hours0,5 Evaluation hours: 0,5
Support
Lessons, Activities; Video viewing; Simulators; Applications.
Evaluation

3. National regulations and requirements for waste management

Unit 1: National waste management legislation and regulations

General description

Acquire the necessary knowledge to apply existing national regulations to carry out activities related to waste

management. Know the legislation in relation to thelentification and classification of waste, as well as in relation

to the safety measures @cessary to meet the environmental criteria established by the national regulations and

local authorities.

Learningoutcomes

On successful completion of thenit, the learner should:

0 To know the main regulations on waste characterisation aatiagement on the
construction site.

Knowledge
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Skills

Competences

Delivery and evaluation
The unit will be

provided in the = The unit will be assessed by:

form of: o
Examination
Discussion w Oral/exercise
Practice w Project
Lesson w Written exercise/test
Group
dynamics

To know the main standards applicable to landfills and their operation: Eedlities and
processes.

To know theoccupational and environmental risk prevention regulations involved in wg¢
management.

Peaform basic waste characterisation and management operations, complying with
regulations on reuse, recycling or laiidfisposal.

Carry out thdoading and transport operations of waste that can be accepted and in a
deposit/landfill, complying witlthe regulations on waste management.

Be aware of the risks associated with the activity and the environmentalitiomsl of the
site, derived from the procedures, equipment and waste managed in accordance with
applicable regulations and adopt prevare measures.

Applying the regulations in force for the characterization and separation of waste
accordng to itsfinal destination (landfill, reuse or treatment in a recycling plant), under
safe conditions and in accordance with the indioas of the technicians responsible and
the established work protocols.

Apply the waste management regulations onshto load, unload and transport waste thg
can be reused, accepted and treated in recycling and/or landfill plants and in accorda
with the indications of the responsible technicians and the established work protocols
Apply preventive angrotective neasures, using individual and collective protective
equipment, reporting incidents, to avoid the risks associated with the workplace, in
accordance with the applicable regulations and in accordance with the indications of t
technicians in chi@e and theestablished work protocols.

3.1. Description of content

Contents

Legislation on waste and 0 Definition of waste according to regulations.
environmental management in 0 Waste framework legislation and it&tional transposition
Spain/Greece/laly/France/Romania/ 0 Main actors in waste management in
Portugal Spain/Greece/ltaly/France/Romania

1. Basc Regulation on the Identification, Classification and Managem
Waste management regulations in the of Waste in Organisations

organisation

Description

2. Basic legislation on safety, health and environmental risk preventig
linked to waste

This unit focuses on th@/aste Framework Directive 2008/98/E@nd its tansposition into French, Greek,
Italian, Portuguese, Romanian and Spaihégfislation

As an essential part of the legislative content, this unit explains key definitions and concepts such as: waste,
waste classification, hazardous waste, waste managemszyarate collection, recovery, reuse, recycling,
disposal and treatment. &kt, the actors involved in waste management are identified: the producer, the holder

1 Subsequently amended by: Commission Regulation (EU) No 1357/201®etd®ber 2014 (replacing

Annex Ill), Commission Directive (EU) 2015/1127 of 10 July 2015 (amending Annex Il), Council Regulation (EU)
2017/997 of 8 June 2017 (amending Annex IIl) Aimdctive (EU) 2018/851 of the European Parliament and of

the Council 080 May 2018.

9
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and the manager. Subsequently, basic principles defined in the legislation are presentedhssuble
prevention of waste generation and "the hierarchy principle", éigdres such as "the bgroduct" and the "end
of product status” are explained, as well as the concept of "extended producer responsibility.

For a better understanding, the concepasd definitions are accompanied by explanations and examples
related to he construction sector.

3.2.Theoretical approach

3.2.1. THE EUROPEAN UNI@GAL ORDER

The EU legal system is an important part of the political and social reality of the member statés dagdtly
reflected in the legislation of each country.

The Elestablishes a number of binding "legal acts", including regulations, directives and decisions:

The regulations have a general scope, are mandatory and apply immediately upon their enfordeti all
member states without having to be transposed intational law.

The directives set outcomes or targets that all countries must meet. Each country decides how and by what
means it will comply with them. Once approved, they must be "transgibmto each nation's rules within a
specified timeframe, usuallyvo years.

Decisions are legal acts with a scope of application that may be general or addressed to an individual and are
mandatory.

3.2.2. EUROPEAN LEGISLATODNWVASTE

In recent decades, thEuropean Union has developed important legislative work on waste.

The Waste Framework Directive 2008/98/Ekereafter WFED, set out what is waste, and established a legal
TN YSG2N)] 2y K2g ¢l aidsS akKz2dzZ R 0® pravkenahdIc8Relthenad&tiveK | &
impacts caused by the generationand masagSy & 2F 41 adS IyR (G2 AYLINRBOZS N

The WFD imposes labelling, registration, monitoring and control obligations from "cradle to grave", i.e. from
the production of the wastéo its final disposal or recovery. It also prohibits the mixihgazardous waste with
non-hazardous waste and other categories of hazardous waste.

In addition to the WFD, there are other European directives and decisions updating it, focusing oo igpee§

related to waste and waste management such as landfilthgvaste or on waste requiring a special legal
regime, such as packaging and packaging waste, waste oils, electrical and electronic equipment, waste batteries,
asbestos, etc.

As a directivethe WFD is transposed into the national laws of the Member State

Definition of waste
The WFD defineesidueas:

"any substance or object which the holder discards or intends or is required to discard".

This definition has been adopted by all membeuntries in their legislation.

10
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European List of Waste
TheEuropean List of Wastg oW)is a harmonized list of waste determined by the EU, which should be regularly
reviewed.Article 7 of the WFD sets the basis for the LoW.

The classification of waste @arding to the LoW is a key document, as it bassequences for: its labelling and
storage, the safety measures to be taken by waste managers regarding the waste and its further treatment.
Codes are assigned to wide range of activities such us wastgtdaton, installation permits (referred to a
specific codes) and as basis for waste statistics.

In the LoW, waste is classified by chapters anlchaptersaccording to the activity to which it belongs, and
these are associated with twoigit and fourdigit codes, respectively. Each waste is assignstkdigit code,
the LoW code.

¢KS SyGNAxRSa Ay (GKS [22 OFy 6S OFGS3A2NKASRNRZOIA Qi
YR WY A NNRMNdr EmyfidsNareSthioSedwheaie waste fno the samesource carbe allocated to a
hazardow entry or a norhazardous entry depending on the specific case and the waste composition.

Example

Concrete has the code 170101, which means that it belongs to chapter 17 "construction and demolition
waste",and subchapter 1701 "concrete, bricks and tiles".

Hazardous waste

Hazardous waste is waste that poses a threat to human health and the environmen

G¢KS g1 aidsS Of I &aarTA Ockhazardoys isibgsédon e systeMIoe thieiclassifitdiod y 2 Y
labelling of dangerous substances and preparations. This ensures that similar principles are applied over the
gK2tS fATFS O aHarardouswvaste Ynush 5 idkntifiedibg it hazardous characteristics, which are
determined by testing methodsas described in EC Regulation 440/2008.

Hazardous waste is defined as a waste that displays one or more of the fifteen hazardous propertias listed
Regulation(EU) No 1357/2014 amending Annex Il of Directive 2008/98\&ED)4

Example

Hazardous wastes that may be found on a congioncsite include concrete admixtures, some mastic
adhesives and sealants, halogenated flame retardant ngatiasbestos containing materials, tarry emulsions,
solvent containers, paints, and adhesives, PBC equipment, etc.

Hazardous waste is included mmetLoW list. with an asterisk (*) code.

Containers and packaging or materials containing traces of or coriteated by hazardous substances are
also considered hazardous waste.

Example
Concrete has the code 170101 belong to "concrete, bricks and tiles" without hazardous traces. the same code
with an asterisk, 170101* belong to "concrete, bricks and tiles" Withardous traces.

Learn more:
Table 1 shows the different hazard charactedsidefined in Regulation (EU) No 1357/2014, grouped
according to the nature of the hazard.
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Code Characteristic Physical hazards
Physical hazards
HP 1 Explosive
HP 2 Oxidiing
HP 3 Flammable
Hazards to human health
HP 4 Skin irritation and eyedamage
HP 5 Specific Target Organ Toxicity (STOT)/Aspiration toxicity
HP 6 Acute toxicity
HP 7 Carcinogen
HP 8 Corrosive
HP 9 Infectious
HP 10 Toxic for reproduction
HP 11 Mutagen
HP 12 Release of a gas with acute toxicity
HP 13 Sensitiser
Environmental hazards
HP 14 Ecotoxic
Other
HP 15 Wastes that may exhibit one of the above hazard characteris|
which the original waste did not exhibit directly

Classification ofiazard characteristics as defined in Ee€gulation 1357/2014 , according to the nature of the hazard (HP Hardzous Propertie

Safety Data Sheets.
According to the REACH regulation, products with chemical substances and mixtures must be provids
Safely Data Sheets (SDS).
The information cotained in the SDS is as follows:
1. Identification of the substance/preparation and company/undertaking
Hazard identification.
Composition/information on ingredients.
First aid. (general indications/ inhalation/skin adact/eye contact/ ingestion
Firefighting measures(suitable extinguishing media, protective measures etc.)
Accidental release measures. (precautions, collection, and ¢lpanethods).
Exposure controls/personal protection. (respiratory, hand, eyegxtivn etc.)
Handling and stoage
Physical and chemical properties.
. Stability and reactivity.
. Toxicological information.
. Ecological information.
. Disposal considerations
. Transport information.
. Regulatory information.
. Other information.

© 0 N g R WN

[l e S = S SN
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SDSsnake it possite to assess the risks to which workers are exposed and to establish preventive
measures for their handling, including waste.

Labelling Hazardous wastes

Thelabelling of products or substances considered hazard@ia very useful piece afformation be@ause
it allows their rapid identification and informs about the risks associated with them.

Regulations on the labelling of hazardous substances, including waste, are ba@edwation(EC) No

12
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1272/2008 on classification, packaging and ldlbey of subsances and mixtures (CLP) and Decision

2014/955/EU.

The label must state:

WASTE:HALOGENATERDLVENT

CODF: 14 06 03

|| NANGFR CODF: HPR+H4

PRODUCER:
ADRESS:

| FLAMABLE | TOXIC

Example oHazardous waste identification label.

a) The code and description of the waste according to the LoW list.

b) The code and description of the hazard charastari Hazard characteristics are identified by lette
HP (Hazardous Properties).

c) Name, address and &phone number of producer or holder of the waste.
d) Packaging dates.

e) Pictograms indicating the nature of the hazards.

PICTOGRAM  CHARACTERISTIC

PICTOGRAM

CHARACTERISTIC

HP4IRRITANT
Skin irritation Cat
2and 3

Eye irritation Cat

2
HP6 ACUTE

HP HP3
FXPI OSIV
ative HP9
GHsO08
HP4IRRITANT HP5SPECIFIC
Serius eye damoge Asptox1
HP8 HP7
CARCINOGEN

HP10TOXIC FOR |

GHS06

(Acute Tox 1,2.3 Oral, Dermal,
inhalation)

exhibit one of

HPBACUTE
TOXICITY
Ariitn tov 4 Aral
i Without HP12Release of
nac with acite
HP14
Sin pictograma GHS0a
HP15 Wastes h
that may the gas pump

<

symbol is used
for compressed

and linnefied

Pictograms andlangerous characteristics. Source: Spanish Ministry for ecological transitialeamagjraphic challenge. www.miteco.gob.es

Labels must be firmly attached to the packaging and have a minimum size of 10x10 cm.

Commission notice on technical guidance on tHagsification of waste:
https://eur-lex.europa.eu/legatontent/EN/TXT/?uri=uriserv:0J.C_.2018.124.01.0001.01.ENG
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Waste management definitions

WEFD includes key definitions relating to waste, waste management and the actors involved in waste
managementwhich areessential for interpreting the law:

Waste management
Waste managemenineans

GO2tft SOGA2YyS (NI YaLR2NIzZ NBO2OSNE YR RAALRAlIT 27F
after-care of disposal sites, and including actions takea dealeor broker;

Waste collection

Waste collectiorrefers to the collection of waste and includes the sorting and initial storage of waste before it
is transported to a treatment facility.

Separate or selective collectiois the separate collectionfavaste acording to its type and nature to facilitate
its subsequent treatment.

For example, waste can be collected in different containers, each container with a different type of waste such
as: wood, plastics, plaster, concrete and stone, metals, kazarwasteetc..

Waste separation on site. Source: Ihobe public company for environmental education. lhobe manual for drafting and imglaroensgimuction and
demolition waste management plan and good trade practices. 2012

Separate waste collectiomaaconstruction site has many advantages, including reducing the cost of waste
management and increasing the chances of transforming waste into quality products through recycling.

Waste recovery
Waste recoveryneans:

Gl ye 2LISNY GA2Y ivikch is wdiste seirglaludeful NiBpdsizbyireplacing other materials
which would otherwise have been used to fulfil a particular function, or waste being prepared to fulfil that
Fdzy OlA2yZ Ay (GKS LXFTYyd 2N AYy GKS gARS

A distinction should be madeetween 'energy recovery"where waste is used as a fuel to produce energy,
and 'materialsrecovery"”, or the preparation of materials for reuse, recycling, or backfilling.

In construction, recovery means that the waste will be used in some way on oteoéirsl will not be sent to
a landfill.

14
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Recovery operations include preparation foruge and recycling.

Reuse
Reuseis defined as:

"any operation by which products or components of products which are not waste-aseddor the same
purpose for whiclthey were conceived".

Before a demolition material can be reused, it must be prepared for rdusgparing for reuseis defined as:

ochecking, cleaning, or repairing recovery operations, by which products or components of products that have
become wastare prepared so that they can bewsed without any other prprocessing.

Example

In construction works, reuse is the use of materials that come from demolition works and are in good
condition. These materials are reused without furtipeocessing, e.gnasonry, roof tiles, wooden beams,
etc. They can be sold on the secemand market.

Old roof tile for reuse in restoration work. Source:Tejas Gimenez. www.tejavieja.es

Recycling
Recyclings defined as:

G!ye NBO2@SNE 2 LISNI (lsa@efepdaessedinto Préduats) naigrfls of bubsiantkst
whether for the original or other purposes. It includes the reprocessing of organic material
but does not include energy recovery and the reprocegsiagnaterials that are to be used
as fuels ofor backfilling operations.
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To make CDW recycling possible, it needs to be transported to treatment plants where it is sorted and
processed for new uses.

Example

Many construction wastes can be recycled, e.g. :stone and concrete, for the productggrefjates; wood,
for the production of woodbased products such as chipboard etc.; glass for the production of glass fibre;
metals for the production of metals by remelting; plastics etc.

Derived from woodCHIPBOARD PANES&urce: Elke Wetzig (ely&)C BBA 3.0 <https://creativedommons.org/licenses/bya/3.0>, via Wikimedia
Commons

Backfilling

Backfillingmeans

GFye NBO2@SNE 2 LIS Nhazakddug wasts iS Ed foil mlabasés offreSlamatbry’in excavated
areas or for engineering purpes in landscaping. Waste used backfilling must substitute newaste
materials, be suitable for the aforementioned purposes, and be limited to the amount strictly necessary to

achieve those purposes;

Disposal
Disposalis defined as:

" any operation \ich is not recovery even where the operation has as a secondary consequence the
NBOtIYIFLGA2Y 2F adzomaidlyO0OSa 2N SySNH®@

A nonexhaustive list of disposal operations is set out in WDF, Annex |.
Example
The most common disposal operatiorr fmnstruction wate is landfilling.
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Controlled landfill for nothazardous waste. Source: Grupotec. www.grupotec.es

Before disposal, waste must be treated, unless this is not technically feasible, or if treatment would be
harmful to health or theenvironment.

Treatment
Treatmentis defined as

"recovery or disposal operations, including preparation prior to recovery or disposal".

O

Outline of waste treatment operations

Actors involved in waste management.
In the waste management process, a series of figures definedabgriainvolved, these are:

Wé gl adsS mdddB ange®SMide activities produce waste (original waste producer) or
anyone who carries out prgrocessing, mixing or other operations resulting in a change in the
YIEGdzZNE 2N O2YLRRaAldAzy 2F GKAa ¢ladasSeo

Exanple

In the construction and demolition sit@ntext, the waste producer is the developer or the owner.

"waste holder" means waste producer or a natural or legal person who is in possession of the waste;
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Example

On construction and demolition sites, theagte holder is the owner of theompany carrying out the work,
i.e. the contractor or builder, the subcontractors or the saifiployed, but not the employees.

"Waste manager" meanshe person or entity, public or private, registered by permit or notificati
who carries out any of theperations that make up waste management, whether or not he is the
producer of the waste;

Example

The waste manager may be the operator of the company that collects, transports and treats the waste in
treatment plants.

"deale’ means any undertaking whiclcis in the role of principdb purchase and subsequently sell
waste, including such dealers who do not take physical possession of the waste.

"broker" means any undertaking arranging the recovery or disposal of waste aaifbafhothers,
including such lmkers who do not take physical possession of the waste.

[GF 1SK2f RSNBEQ 26fAdL{A2yaD

WFD specifies specifies the obligations of the actors involved in the management .

Obligations of producers or other initial holders of waste

The producer or otheinitial waste holder has several options to ensure proper treatment, these are:
0 Treat the waste himself.
6 To entrust the treatment to a registered dealer, or to an authorised entity or company.

0 Hand over the waste to a registered wagollector fortreatment.
These operations must be documented.

Each Member State specifies the conditions of responsibility and decides in which cases the initial producer
retains responsibility for the whole treatment chain and in which cases respbtitysiiain be share or delegated
between the actors in the treatment chain.

Obligations of waste managers.
Entltles or companies collecting or transporting wasten a professional basis have the obligation to:
Collect waste and transport it in accordancehithe applicable regulations.
0 Keep hazardous products packaged and labelled in accordance with the international and EU standards
in force, during collection, transport and temporary storage.
The shipment of hazardous waste within a Member State mustdoeraparied by an identification
document, which may be in electronic fordinnex 1B of Regulation (EC) No 1013/2Gpcifies the
data to be included in this document. The documentation must be kept for a minimum period of 12
months.
0 Deliver the waste to @thorised entities or companies for treatment and have documentation to prove
it.
Dealers and agentsust comply with what they have declared in their notification of activities and with the
clauses and conditions in the contract. They are obliged to enthatthey carry out the complete treatment
of the waste they acquire and to provide documentary proof of this to the producer or initial holder of the
waste.
Waste treatment entities or companiemust have authorisation for their function and must prowid
docunentary evidence of the treatment they carry out, which must be in accordance with the provisions of the
authorisation.
All of them:waste treatment entities or companies, waste collection and transport companies, agents and
dealers andestablishmens and companies that produce hazardous waste

O«

(@]
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6 shall be subject to inspections by the competent authoritislember States may consider records kept
under the EcaManagement and Audit Scheme (EMAS) as valid.
6 shall keep an electronic record tfeir activiies in chronological order and make it available to the

competent authorities: The record must indicate: nature and origin of the waste, the amount destined

for preparation for reuse, recycling and other recovery operations.
6 The recorded infanation on haardous waste must be kept for a period of 3 years, 12 months in the
case of transport.

Waste hierarchy

The objective of waste management is to ensure the protection of the environment and human health. Waste

should be managed in suchway that it doesnot cause risks to water, soil, fauna and flora, noise and odour

nuisances, or any other environmental impacts. Management measures taken should be in line with climate

change strategies.

To achieve this goal, the law establishes the principle of "waisi@ment hierarchy"which gives priority to
"prevention”, following the maxinithe best waste is the waste that is not produced".

Prevention isthe set of measures taken at all stagestu# tife cycle of a substance, material, or product, with
the aim ofreducing:

f) waste generation, reusing the product or extending its useful life;

g) negative environmental and health impacts of waste, including material and energy savings;

h) content of hazardos substances in the materials;
The life cycle phases of a produceadesign, manufacture, distribution, consumption or use, and-efilife
treatment or disposal.

Example
Ways to prevent waste generation on a construction site include reducing or gepsdduct containers and
packaging, or accurately calculating theamt of materials needed to avoid waste.

Once the waste has been generattite order of priority in its treatmentis: recovery through preparation
for re-use, recycling, and other formg ecovery, including energy recovery. Where recovery is not passibl
the waste may be disposed of, mainly through landfilling.

The secalled 3R rule of priority in waste management is in this order: Reduce, Reuse and Recycle.
Prevention
Reuse

Recycling

Anather
valuation

Remova

Waste management prioritisation pyramid. Source: Own elaboration.

The hierarchy principle shdd be applied to all types of waste.

In order to promote the principle dfierarchy, the law provides for:
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- Economic, financial, and fiscal measures should be taken to boost the recycling market, such as
landfill fees. Landfill fees are a deterrent meastivat encourages prevention. The more waste
that is produced and goes tondfill, the more expensive it is to manage.

- The costs of waste management should be borne by the original waste producer, or the current
waste holder, following thegolluter pay$ principle.

- Competent authorities to take measures to encourage reuse and recycling. Examples of such
measures are: support for the creation of reuse networks and reuse centers, and the promotion
of products ready for reuse and recycled products thropghlic procurenent.

The transformation of waste into a marketable product requires a secure and uniform legal framework that
does not give rise to confusion and on which companies can rely. Therefore, for waste to cease to be waste for
legal purposes, théaw includeswo concepts:"by-product” and"end of product status" These two figures

are key tools to make the circular economy possible.

By-product

A byproduct is a leftover material thatomes from an industrial process of production of a produtitat can

have a usefulness for a specific legal use that meets all the guarantees of environmental protection and health,
and that can be used directly, therefore, it is not considered waste.

The difference between a {pyoduct and a waste is that the froduct has a utility, and the waste does not.
Example

For example, the processing of wood generateplnducts such as bark, chips and sawdust. Bark is used as a
decorative element or fertiliser, sawdust for animal bedding and pellets for energy production

Byprbduct

End of waste status
Waste that has been subject to recycling or any other recovery operation ceases to be waste for legal
purposes if the product obtained from it meets the following requirements:

0 They are used for specific purposes.

0 Thereisdemand and a market for the product.

0 Meets the technical requirements, legislation, and standards applicable for the intended use.
0 Not harmful to human health or the environment

A waste it is no longer considered waste, legally, when it is recovenedha product obtained from it is
marketable as a useful and safe product.
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This is where the concept secondary raw materiatomes in, which is the material that comes from already
used products and leftover material, and which is recovered for usavamaterial, as long as it does not come
from a primary production process, i.e. as long as it is notjprogiuct.

Example

Spain has established specific quality criteria for recycled aggregates, as a type of recovered CDW, in addition
to the requirementfor CE marking and suitability.

The Structural Concrete Instruction (EBH establishes the quality requirements that recycled aggregates
must meet for use in concrete.

When concrete and stone waste is converted into recycled aggregates that meetghizements for use in
the manufacture of concrete, it is no longer considered waste.

Extended producer responsibility

Theproducer of the products defined asany natural or legal person who professionally develops,
manufactures, processes, treats|ls or imports products".

Example

It is a producer, the manufacturer of an air conditioner or an LED lamp, both of which fall under the EEE
(electrical and electronic equipment) product category.

The WFD define¥Extended Producer Responsibility Schem@&PR) asd' set of measures taken by Member
States to ensure that producers of products take financial and/or financial and organisational respfibil
the management of the waste phase of a product's life cycle".

According to Law 22/2011, producesproducts may be obliged to:

0 Design products that generate the minimum amount of waste and environmental impact in all
phases of their life cycle.

0 Design and manufacture durable products, which, once they become waste, are easy to separate
and prepare foreuse and recycling.

0 Accept the return of products that are reusable and accept the delivery of products that have

reached the end of their life cleeand have become waste, assume their management, and finance

it. Provide information to the user on thpossibilities for reuse and recycling of the product

purchased.

0 Take partial or full responsibility for the waste management organization and shage this
responsibility with the product distributors.

0 Manufacture products from materials that are recycfedm waste.

0 Provide information on the waste management of their products, when they become waste.

The EPR encourages manufacturers or produterisecome involved in the prevention, organization, and
financing of the management of the waste generatediusir products. Likewise, the EPR favours the circular
economy, because it is an incentive for the design of products that can be reused anelwdgis can be easily
recycled.

Example

In Spain, nowadays, the EPR only applies to producers of electitall@ctronic equipment, batteries and
accumulators, vehicles, packaging, tyres and mineral oils. However, more and more companies in otrer sector
such as textiles, are including this responsibility in their environmental policies.
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3.2.3. NATIONAL WASTE MANAENT PLANS

The National Strategies and Plans of waste management, developed in PPCs, must be in compliance with the
European Framework of the 2020 Strategy

Waste management planning is one of the key tools for authorities to transpose the principleswaskEd)

legg f FGA2Y G F ylFrGA2yFEX NBIA2YyLE FyR 20t fS@St
have to establish in accordance with Articles 1, 4, 13 and 16 of the WFD one or more waste management plans
(WMP). Generally, these plansaronsistat with the guidelines of the WFD, following the following principles:

0 protection of human health and the environment,

0 waste hierarchy:

0 selfsufficiency and proximity: all public administrations shall take all necessary measures to establish
anintegrated network of waste disposal installations, by means of the most appropriate methods and
technologies;

0 access to information and participation in waste matters: public administrations shall guarantee rights
of access to information anghrticipation on waste matters, therefore, together with stakeholders and
the general will have an opportunity to draw up the plans and programs;

0 waste management costs: regulating the procedures and responsibilities of waste management;

0 coordination betwen administations: delimiting the competences of each public administration
involved and taking action through the coordination commission on waste matters;

0 responsibility, monitoring, inspection, control and penalty system. Reinforce, increase andneterdi

inspedion, control and monitoring activities, especially to avoid market distortions associated with
illegal waste management.

3.2.4. NATIONAL REGULATIONSRANSPOSING THE IBEY WASTE
FRAMEWORK DIRECTIWED)

French regulations transposing the WFD.

The Fench Envionment Code(Environment Code) contains most of the acts and decrees related to the
environment, such as:

0 rules concerning the preservation of natural resources;
0 the monitoring of hazardous activities;
0 environmental assessment and puliidormation on prgects.

Ordonnance no.2014579from December 17th 2010 transposes various provisions of the European Union
WFD 2008/98/UE, amending the Environmental Code, as follows:

1. defines and clarifies concepts relating to waste management, suclaste woroducer antholder of waste,
prevention, reuse, recycling or recovery (Article L84l of the Environment Code);

2. defines the main stages of waste management by prioritising them: prevention, reuse, recycling, recovery,
particularly energy recovenand disposal (arL.5411);

3. introduces the possibility for certain substances to be removed from the status of waste after undergoing
appropriate treatment (art. L.544-2 et L.5414-3);

4. specifies the obligations of waste producers and holders in oeldt the waste herarchy (art. L.542-1);

5. adds articles L.547-1 and L.54%7-2, which require producers and holders of waste to characterize their
waste, to package and label their hazardous waste according to rules to be defined by decnewemHlnits
the mixing of lazardous waste with other waste or materials outside a facility classified for environmental
protection;

6. amends Article L.543, in order to specify the administrative policy on waste and introduces a system of
administrative pendies;
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7. requires the sepate collection of recoverable waste (Article L.BAtk2) and introduces into waste planning
the management of waste resulting from natural disasters or marine and river pollution;

8. introduces an article L.5410-9 which creates aational prevention plangstablished by the Minister of
Ecology.

Greek regulations transposing the WFD.

The WFD 2008/98/EC was transposed in Greek legislatidraiwy4042 of 2012Vt Sy | f LINR 1S OG A
environment¢ Compliance with Directive 2008/99/EG-ramework for waste gemation and managemen,
Compliance with Directive 2008/98/E@QRegulating issues of the Ministry of Environment, Energy and Climate

/| KFy3asSQo

The basic concepts and the management framework setlay4042/2012as well as the scepthe definitions,
the waste hierarchy, the permits, the responsibility etc. (art¢B of the Law), are in full compliance with the
system adopted by the Directive 2008/98/EC.

Italian regulations transposing the WFD.

WFD, was incorporated into the Italian legal frameworkPayt IV of the Environmental Codé egislative
Decree 152 of 3 April 20Q&s amended biegislative Decree 205 of 3 December 2@tts covers some sixty
articles, Articles 17-238), to which the regional legal requirements must also be adapted (Arti@le 17

The provisions set down in the Environmental Code can be divided into two sections:

0 ageneral section containing about fodyticles (Articles 17216), relating to the sphere of application
of the associated provisions and corresponding exclusfpirs;iples, prevention of wastes, definitions,
the liability of the producer, byproducts, secalled endof-waste materials, cladfication of wastes,
powers and jurisdiction, and the associated department and authorisations,

0 and a special section contdig about twenty articles (Articles 24738), dedicated to coverage of
specific types of wastes (packaging materials, electeoal electronic equipment, tyres, eruf-life
vehicles, the various waste consortia, etc.).

Portuguese regulations transposindné WFD.

The Portugues®ecreeLaw 73/2011from 17 June 201fransposedthe WFD by amending the Decreaw
178/2006 from 5 September 2006 defining the conceptual framework for waste management in Portugal. This
aims to clarify key concepts such as wastardgbns, prevention, reuse, preparation and for reuse, treatment

and recycling, and the distinction between the concepts of recovery and disposal of waste, based on an effective
difference in environmental impact, taking into account waste hierarchy dandamental principle of
environmental policy. This decree amended Redraw No. 178/2006 of September 5 and No. 46/2008 of 12
March.

Rumanian regulations transposing the WFD.
Law no. 211/2011on the waste regime (republished in 2014) transposed the V@R® was subsequently
amended and modified by another legal documents.

Sanish regulations transposing the WFD.

In Spain, the legislation on waste is comprised of:

a) State Basic legislation
b) Autonomous community legislation
c) Municipality legislation.

The stae basic legislation is théaw 22/2011, of 28 July, on waste and contaminated so#sitl is a product

of the transposition of the Waste Framework Directive 2008/98/EC.
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This legislation will soon be repealed and replaced by a new "Law on Waste and {Datedrhand”. The new
law revises and updates Law 22/2011 and transposes European directives adopted in 2018 araf 219
"Circular Economy Package".

Classification of waste

Depending on the criterion applied, waste is classified into different caieg, which are not mutuall
exclusive:

Hazardous Municipal Household
Nonthazardous Norrmunicipal Commercial
industrial
Agricultural

Article 3 ofLaw 22/2011classifieswaste and debris from minor construction and home repair works as
household waste.

Minor building worksare those that do not affect the building structure and do not requipgaect signed by
a competent technician, e.g. change of coveri(fgsors, tiling, etc.), change of installations, etc.

For the purposes of this law, otheonstruction, and demolition waste (CDVWvhich does not originate from
minor works,is considerd asindustrial waste

Administrative powers

The State, thé&utonomous Communities (CCAA) and local authorities have the power to inspect, monitor waste
management and sanction companies for amompliance with the law, when necessary. In addition, thayeh
the following powers:

The State:

Elaborating and approvinNational Waste Plans
Set minimum targets for reducing waste generation, and preparing for reuse, recycling and recovery of
waste.

O¢ O«

The Autonomous Communities:

0 Develop waste prevention programmasad waste management plans.

0 Authorizing wastgroduction and management activities.

0 Torecord all information at regional level on waste production and management.
0 Draw up their own waste regulations, when they deem it appropriate.

Local Entities, or th€rovincial Councils, where appropriate:

w Collect, transport and treat domestic waste generated in households, businesses and services.
w Drawing up programmes for the prevention and management of waste under its responsibility.

Waste management plans and pragames should be evaluated and reviewsgkry six years.
National waste management plans
Apart from legislation, Spain's policy documents related to waste management include:

0 State Waste Prevention Programme (PEPR) 20249;
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0

State Framework Plan for WasManagement (PEMARD162022;
The Spanish National Integrated Waste Plan (PNIR), which has as its main objectives:
0 reduce the volume of waste;
0 reuse and prolonging the life of products;
0 reduce hazardous substances in materials and products;
0 reduce theadverse impact of was on human health and the environment.

O«

Practical approach
Which products of a construction site can be considered as EEE from the ones included in the following link?

https://www.miteco.gob.es/es/calidag/-evaluaciorambiental/temas/prevencioty-gestion
residuos/flujos/aparatoslectr/electrcosy-electronicosjue-categoriasaee-existen.aspx

Learn more:
EU video on wastend circular economy

https://multimedia.europarl.eiropa.eu/es/circulareconomyeurope-cleansup-its-act NO:PUB180504
CIRC ev

A pastics strategy for a circular economy

https://multimedia.europarl.europa.eu/eskmlasticstrategyfor-a-circulareconomy NOIPUB18090%
PLAS ev

Planned obsolescence" is the design of some products to have a limited life in order to increase their market
demand. It is common for light bulbs to blow, fgars to crash, or batteries not to work after a certain

number of hours of use duto "planned obsolescence”. This generates a lot of waste, which could be
reduced if the lifetime of these products were not limited.

https://www.youtube.com/watch?v=uGAghAZRMyU

3.3.Evaluatiin

1) Chose the correct sentence:
A. European regulations are binding and must be applied immediately after their entry into force in
all Member States, without the need to be trarmsged into national law.
B. Once approved, Europeadirectives mustbe "transposed” into each nation's rules within a
specified timeframe, usually two years.
C. European decisions are not mandatory.
2) /| K22a4S GKS O2NNBOUG | yasgSNI ( 2FradmewskIDigdive 200898/EG Sy (i -
02 C50X
A. established a legal framework on how waste should be treated,
B. setan EU waste reduction target of 90% by weight by 2050.
C. must be "transposed" into each nation's rules.

3) European List of waste (LoW)
A. ltis a harmonizedist determined by the EU, whichrisgularly reviewed.
B. The classification of waste according to th@V have consequences fits labelling and storage,
the safety measures to be taken by waste managegardingthe waste and its further treatment.
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https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/prevencion-y-gestion-residuos/flujos/aparatos-electr/electricos-y-electronicos-que-categorias-aee-existen.aspx
https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/prevencion-y-gestion-residuos/flujos/aparatos-electr/electricos-y-electronicos-que-categorias-aee-existen.aspx
https://multimedia.europarl.europa.eu/es/circular-economy-europe-cleans-up-its-act_N01-PUB-180504-CIRC_ev
https://multimedia.europarl.europa.eu/es/circular-economy-europe-cleans-up-its-act_N01-PUB-180504-CIRC_ev
https://multimedia.europarl.europa.eu/es/a-plastic-strategy-for-a-circular-economy_N01-PUB-180907-PLAS_ev
https://multimedia.europarl.europa.eu/es/a-plastic-strategy-for-a-circular-economy_N01-PUB-180907-PLAS_ev
https://www.youtube.com/watch?v=uGAghAZRMyU

4)

5)

6)

7

8)

9)
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C. None of the previous sentences are cect.

What is waste management?

A. transport, recovery, and disposal of waste

B. collection, transport, and disposal of waste.

C. collection, transport, recovery and disposal of waste, including the supervision of such opgratio
and the aftercare ofdisposal sites, and including actions taken as a dealer or broker;

What does waste recovery mean?

A. The waste will be sent to the landfill.

B. the waste will never leave the site because it will be recycled.

C. the waste will be used inosne way on or ofsite and will not be sent to a landfill.

Choose the correct sentence.

A. Cleaning old shingles and replacing them on a roof is recycling.
B. Making chipboard from old wood beam waste is recycling.

C. Making fibreglass from waste glass bottlesagsed.

Choose the correct sentence.

A. Prevention meanseducingwaste generation.

B. prevention should apply to all phases of a product's life cycle.

C. prevention should only apply to the use phase product's life cycle.

Indicate the correct order, according to #hwaste hierarchy principle.
A. Reduce, Reuse, Recycle.
B. Reduce, Recycle, Reuse.
C. Reuse, Recycle, Reduce.

Which is a byproduct of the following examples?

A. The wood from the tree that is used to make a beam.
B. Tree bark for landscaping.

C. A steel beam made fromecycled metals.

1002 Kl & aSEGSYRSR LINPRdzOSNI NBalLlyaAroAirfrateeg OzdzA R

A. The obligation to design and manufacture durable products, which, once they become waste, are
easy to separate and prepare for reuse and recycling.

B. To accept theeturn of products that are reusable and accept the delivery of products that have
reached the end of their life cycle and have become waste, assume their management, and finance
it.

C. Noneof the previousanswers is correct.
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4. National regulations and requirements fothe management and reuse
of CDWaste

General description

Acquire thenecessary knowledge to apply existing national regulations to carry out activities relatechio t
management and reuse of CDW. Know the appropriate actions to be taken on site in relation to the identificatia
CDW, safety measures and classificationGIDW to meet the environmental criteria set by the company's
environmental management plan andtal authorities and national regulations.

Learning outcomes

Upon successful completion of the unit, the learner should

1. To know theregulations in force regarding the characterisation of CDW that can be
reused or accepted in a recycling plant.

2. To know the main regulations for esite operations for the reuse and recycling of

construction and demolition waste.
Knowledge

3. To know the main regulations of edfte operations for the reuse and recycling of CDW

4. To be familiar with the current regulatis on the prevention of occupational and
environmental risks in the reuse and recycling of CDW.

5. Carry out thebasic operations for the characterisation of CDW and its separation, in
accordance with current regulations.

6. Carry out orsite reuse andecycling operations in accordance with current regulations

7. Carry out the loading, transport anthloading operations of the CDW that can be
Skills accepted and treated in the recycling plants in compliance with the regulations on C
management.

8. Assess theisks associated with the activity and the environmental conditions of the s
derived from theprocedures, equipment and waste substances in accordance with th
applicable regulations and take preventive measures.

9. Apply the regulations rating to the characterisation and separation of CDW accordin
its final destination (landfill,ause or treatment in a recycling plant), in safe conditions
accordance with the indications of the technicians responsible and the established w
protocols.

10. Applying the regulations on the external management of CDW on how to load, unloz
Competences andtransport waste that can be reused, accepted and treated in recycling and/or lan
plants.

11. Applying preventive and protective measures, using individualcafidctive protective
equipment, reporting incidents, to avoid risks associated withvtlogkplace in
compliance with applicable regulations.

Delivery and evaluation

The unit will be

provided in the form The unit will be assessed by:

of: Examination
Discussion w Oral/exercises
Practice w  Project
Lesson w Written exercises/test

Group dynanics
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4.1.Description of content

1. The framework legislatioon the management, reise and recycling of CDW and

Regulations on the . : "
its nationaltransposition

management and reuse of

CDW in Spain/Greece 2. Main actors in the reuse and recycling of CDW in
/italy/France Spain/Greece/ltaly/France/Romania
/Romania

0 Basic regulations on the 1egse of CBV: basic guidelines on the construction
site

Basiaegulations on safety, health and environmental risk prevention linked
CDW: basic guidelines on the construction site

Regulations on the
management and reuse of 5
CDW on site

4.2.Introduction

This unit focuses on construction and demolition waste. Firstlyclhssification of CDW from the European
wastelist is shown. Then the unit presents data about legislation on the production of CDW in France, Greece,
Italy, Portugal Romania and Spain. The information includes: definition, legislation and policies,of CDW
existing guidelines on CDW management, aratqrols related to the end of waste. Finally, the unit shows

the drivers of sustainable CDW management.

4.3.Legislation on the production of construction and demolition waste: France

After the government issued aofficial roadmap for the circular economy @& t £t S RS NRdziS R
circulaire)in April 2018 Act 2020105(LOI n° 2024105 du 10 février 2020 relative a la lutte contre le gaspillage

et a I'économie circulaire (1)introduced into national legistion the national strategyconcerning waste
regulation, as well as different EU directives (among which is Directive 2019/904 dated 5 June 2019 on the
reduction of the impact of certain plastic products on the environment). This act aims at reducingamdste
promoting the circulaeconomy. It tackles specifically (but not only) the plastics sector.

Law no. 2026€105 of 10 February 2020 relating to the struggle against waste and the circular econttrisy:
law acts the creation of an extended producer respbilisy dedicated for wastérom the building sector.

Several measures in the Act are designed to improve the management of construction waste and to combat
illegal dumping:

0 development of a pollutepays system for the building sector, which would be apienal from 1
January 2022,

0 installation of new professional waste disposal facilities and free-balak of waste in waste collection

centres when it is sorted out.

The Environmental CodeArticles R 1145 and R 11:46 determine the conditions under wth a waste
inventory must be carried out during demolition.

Act 2020105 (LOI n°® 202105 du 10 février 2020 relative a la lutte contre le gaspillage et a I'économie
circulaire (1))amends the scope and the regime @ttended producer liability(responsabité élargie du
producteur) for the waste regulation of certain products. In particular, the scope of extended waste producer
liability now encompasses building materials and industrial oils (from 1 January 2022 oAjt{sled.. 54110

1, Environment Cde). The regimef extended waste producer liability now includes the possibility that the
distributors of certain products must retrieve, free of charge, used products that the final consumers no longer
need (see Article L. 5410-8, Environment Code)

Law on energy trarsition for green growth of 17 August 2018.0i no. 2015992 relative a la Transition
Energétique pour la Croissance Verte) sets the main objectives of a new French energy model and aims to
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includes provisions promoting the circular economy and better waste management. The law emphasizes the
reduction of waste and the priority given to the prevention and reduction of waste production.

It does not imposespecific targets for this reduction and encourages voluntary experiments to be launched in
order to promote the ecalesign of manufactured products and to optimise the second life cycle of products.
However, this law imposes minimum thredtie for the reovery of waste from the construction sector. The
provisions concerning the building sector (essentially codified in articles 1 6fithe Environment Code) are

as follows:

~

O priority to prevention, with the reduction of waste from econonticO (i A @i parkic8la@r Fom4he

0dzAf RAYy3a YR Lzt AO ¢g2Nja aSodz2NDT

an overall reduction target for the storage of nbazardous nosinert waste ¢30% by 2020 aneb0%

by 2025, compared to 2010);

0 the target of 70% recovery of ndmzardous construain and public wrks waste by 2020 set by the
WDF);

0 Article 93 (L.5441.0-9 of the Environment Code) obliges distributors of construction materials, products
and equipment intended for professionals to organize themselves to take back their waste (terms of
application: deree of 10/03/2016, article 93).

0 Articles 78 and 94 (L. 542 and 54132-1 of the Environment Code) provide an improved framework

for the use of waste for development, rehabilitation or construction work.

O«

The Law No. 201991 of 7 AugusR015 on the New Territorial Organisation of theeRublic (NOTRd)as given
the regions the responsibility to establish a single regional waste prevention and management plan. The plan
must consider all types of waste: hazardous, #@azardous and construcin waste. This plan must include:

0 an inventory @ the state of play of the prevention and management of the various waste flows;

0 aprospective 6 and 12 year forecast of the evolution of the quantities to be treated;

0 objectives in terms of prevention, recing and recovery and priorities;

0 the installatbns to be created or adapted according to the perspective of the evolution of the flows and

the objectives and priorities defined.

Existing guidelines on CDW management in France

Commitments for green growththese agreements, based on the needs expressed by professionals, put the
State in a position to work on the obstacles encountered by companies by developing a project approach
between companies with pioneering initiatives and government departments.

DEMOCLES projed collaborative platform, led by ADEME, aimed at improving practices in the prevention and
management of construction waste from heavy rehabilitation and demolition sites. DEMOCLES aims to direct
this waste towards the following recovery sams.

REPAR projedResearch and Expertise program on CDW reuse in construction, led by Bellastock in partnership
with ADEME and CSTB. The three objectives of the research project are as follows:

(@]

optimize and extend the supply of CDW for reusing in coaiesitn through a methodological guide and

a technical catalogue for project owners and contractors;

0 contributing to the updating of the tools of the architect and the reuse expert, to enable its
implementation in an architectural and urban planning prejec

0 verify the feasibility of reusable assemblies through the implementation of technical solutiahthea

establishment of a material characterization protocol.
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Existing protocols related to End of Waste (EoW) Status in relation to CDW/Quality criteria

in France.
The law n° 202005 of February 10, 2020 relating to the struggle against waste andrtidar economy acts
the creation of an extended producer responsibility system for waste from the building sector.

The purpose of this provision is to ensuhat building waste is taken back free of charge in order, on the one
hand, to avoid illegal duping and, on the other hand, to integrate this waste into a circular economic cycle
through reuse or recovery.

Declaring for the building sector the principlef the extended producer responsibility regime, article L.-541
10-1 of the environment code prades that:

Wonstruction products or materials from the building sector destined for households or professionals, as from 1
January 2022, in order to ensutfeat construction or demolition waste arising therefrom is taken back free of
charge when collecteseparately and to ensure the traceability of such wadie

Drivers to sustainable CDW management in France

The State supports private project leaders in tfem of partnerships within the framework of the

W/ 2YYAGYSyda ¥F2N DNSBSogf thipeNRassiittie @rden frénih caniidehnts hai® Ndwé R
fold objective:

0 overcome the barriers identified by economic actors, particularly those related tovation for
ecological transition;

0 valorise innovative pioneering projects in the circular econdomgnsure their dissemination to the
whole of the sector concerned.

Recycling of building flat glass (example of the supported projeht¥ project helpgo structure the glass
recycling sector from flat glass sites, while consolidating that of P\WClireg, to create new joinery. The entire
construction industry can then apply for it.

This Commitment to Green Growth enables the professional organisatomnserned to work together to
develop a recycling industry for flat glass dl@construction and renovation.

Waste recovery in France.

In accordance with European regulations, every two years France draws up a detailed assessment of its waste
production arl treatment. The latest report, drawn up in 2014 for the year 2012, bringgtbduction of
hazardous waste to 11 million tonnes. In 2012, France counted 13 "hazardous waste storage facilities" (ISDD),
where hazardous industrial waste can be stored undertain conditions (special equipment and sealing
system) to prevent the poltants they contain from being released into the environment.

The national framework for the management of radioactive materials and waste is defined by the Environment
Code and § the Programme Act 200839 of 28th June 2006 concerning the sustainable rgangent of
radioactive materials and waste.

Depending on the nature of the waste there are different types of facilities:

0 quarries backfilling;

0 inert recycling facilities;

0 aggregée recycling facilities;

0 non-inert non-hazardous CDW recycling facilities;

0 indneration units: there are some units reserved to AHeszardous waste and other for hazardous
waste;

0 CDW storage facilities: there are centres for inert waste (ISDI), foiimehnon-hazardous waste

(ISDND) and for hazardous waste (ISDD).
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The wastaeduction and recovery plan 2042020 is a crucial step in the history of recycling in France, this plan

Ad Iy SEGSyarzy 2F GKS aOANDdz | NI NBORW 23 NE 6 BKIENT oy ARE {2
is tohalve the quantity of waste seno landfills by 2025, reducing it by at least 30% between 2014 and 2020.

It aims to increase sorting and recyclingthe construction sector by expanding the network of professional
waste recycling centres across the whole of France.4.4.2 Legislatitimegoroduction of construction and

demolition waste: France

4.4 .Evaluation

1) Indicate the correct sentence:
A. CDW is defined in the European List of Waste (ELW), in the chapter with ct@eristruction and
demolition waste”
B. Soil and stones not contaminated by hazardous substances are excluded from this list.
C. Soil and stones not contaminated by hazardous substances are included from this list.

2) What happens with industrial oils, and electroc equipment generated on a construction site?
A. They must be managed in accordance with its specific legislation.
B. They ardncluded in Low list chapter 17 and must be managed as the rest of CDW
C. None of previous questions are right

3y aMT AN M nc @gseparate MiBureS dddBtians Gf concrete, bricks, tiles and ceramics. What
it means the asterisk?
A. Means thatthese wastes, which in themselves are not hazardous, are mixed with or contain
hazardous wastes.
B. The asterisk means nothing.
C. Concrete and brdes are dangerous by themselves, withwathout an asterisk.

4) Law no. 2026€105 of 10 February 2020 relating to the struggle against waste and the circular economy:
A. amends the scope and the regimeetended producerresponsibilityfor the waste regulatia of
certain products, as building materials and industriéd o
B. includes the possibility that the distributors of certain products must retrieve, free of charge, used
products that the final consumers no longer need
C. Both are true.

5) What specifically say§he law n° 2024105 of February 10 regarding t@onstruction products or
materials from the building sector:

A. Construction products or materials from the building sector destined for households or
professionals, as from 1 January 2022, in order to enswae@DW arising therefrom is taken
back free of harge when collected separately and to ensure the traceability of such waste.

B. Construction products or materials from the building sector destined for households or
professionals, as from 1 January 203Qgridier to ensure that CDW arising therefrom ikeéa
back free of charge when collected separately.

C. None of theanswersare true

6) Inthe Law on energy transition for green growth of 17 August 2015, the provisions concerning the
building sector (essentiallgodified in articles L. 541 of the Environment Code) are as follows:
A. encourages voluntary experiments to be launched in otdggromote the ecedesign of
manufactured products and to optimise the second life cycle of products
B. obliges distributors ofanstruction materials, products and equipment intended for professionals
to organize themselves to take back their waste
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C. provide an improved framework for the use of waste for development, rehabilitation or
construction work.

7) The Law No. 201991 of 7 Augst 2015 on the New Territorial Organisation of the Republic (NOTRe)
has given the regions the responsibility to estabilisa single regional waste prevention and
management plan. This plan must include:

A. aprospective 25 and 50 year forecast of the evolutid the quantities to be treated;

B. objectives in terms of prevention, recycling and recovery and priorities;

C. theinstallations to be created or adapted according to the perspective of the evolution of the
flows and the objectives and priorities defined.

8 ThS &/ 2YYAGYSyGa 2F DNBSYy DNRglIKEY
A. They are agreements, based on the needs expressed by professionals.
B. putthe Stak in a position to work on the obstacles encountered by companies by developing a
project approach between companies with pioneering initiashaad government departments.
C. Noneof the previousanswers are true.

9) The State supports private projedeaders in the form of partnerships within the framework of the
W/ 2YYAGYSYyGa F2NJ DNBSY DNRgGKQ® ¢KS INBSRYy 3INRGI
A. overcome the barriers identified by economic actors, particularly those related to innovation for
ecdogical transition;
B. valorise innovative pioneering projects in the circular economy to ensure their dissemination to
the whole of the sector concerned.
C. Both previous answers are correct

10) The waste reduction and recovery plan 202920 has thdollowing goals:
A. to halve the quantity of waste sent to landfills by 2022.
B. to halve the quantity of waste sent to landfills by 2025.
C. to increase sorting and recyclimgthe construction sector by expanding the network of
professional wasteecycling centres across the whole of France

4.5.Legislation on the production of construction and demolition waste: Greece.
In Greece, theJoint Ministerial Decision (JMD) 36259/175103 of 20100f Ministries of Economy,
Competitiveness and Shipping Envie Yy YSY 12 9y SNH& FyR [t AYméaSures, KI y 3
conditions, and programmes for the alternative management of excavation, construction and demolition
waste (ECDW) Giitgsadhé only legal documeiming specifically at the management of CDW

JMD 36259/1757/E103 also sets the goals for the alternative management of ECDW and underlines the
necessity of organizing and developing a network of Alternative Managementn®y$te the collection,
sorting, treatment and recovery of waste from consttion, demolition and excavation.

Further legislation, regulations and guidelines concerning CDW in Greece include:

0 Law2939 of 2001as amended and in force by the laws 3854/204€ts the frame for the alternative
management (recovery, recycling) of w@sn Greece, including excavation and demolition waste,
GKAOK FlLft dzyRSNJ GKS RSTAYAGAZ2Y 2F W20KSNJ g1 ai!

0 Law40300f201Wb S¢ 61 & 2F AdadAyd odATRRYI I WMRNIFANKSENI €
Article 40 further states that excavation waste from public construction works, including concession
contracts, may be disposed of in inactive quarries for partial altahabilitation, upon completion of
the rehabilitation sudy and Decision on Approval of Environmental Terms. The restoration of inactive
public quarries is carried out at the expense and care of certified EDCW management systems, following
a tendering pocedure by the Decentralized Administration.
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0 Law 4067 oR012Wb S ¢ . dzA f RAY 3 wS3dz | A2y QY SHKSNB | NI A Of
any building and the landscaping of the building surroundings, the provisions of the relevant legislation
for alternative management of waste from excavation, conginrcand demolition waste should be
applied.

0 Law 4280 of 20149 Y BANB Y YSY (i I f dzLJ3 NI R A $BtairalyleRdeveldpmedt ofi S  dz
settlements. Forest law regulations and other provis@is ! NIIA Of S pwu & GA LA |
deposition andprocessing of CDW in inactive mines and quarries by the certified systems of alternative
CDW management.

0 Circular of the Ministry of Environment, Energy and Climate Change no. 4834 d25ary 2013vith
iKS &4dzo2S00 G(KS Wwal yI Idevdsyrom Pablic WolksTRrficatioSsoOthed | G A
NBIljdzZANBYSyida 2F (GKS Wa5 OCHPOHOKMTPTKIOMAOKHAMANQX
from excavation activities during public warkkhrough the certified systems of alternative CDW
management, as loy as the excess material is handled in sound environmental manner.

Definition of construction and demolition waste in Greece.
In TheWa 5 ocHp K MT ghe kemvCorstuetionvand @nolition Waste d YSFya Fy@ Y (¢
202800 FTNRY SEOIGLFiAazyzs O02yaliNHzOGA2Y | YR RSY2f AGA?Z

¢tKS RSTFAYAGAZ2Y | a LINBASY(iGSR | 020S3 Aty frolWakavaianH p @K |
construction and demolition, regdless of their shape, volume, weight or material characteristics, as well as
solid waste resulting from the cutting of marble in preparation for construction purposes and excess concrete
(concrete thatremains after construction works are completed).

National policies for CDW in Greece

Law 4042/2012 on waste management also provided for the obligation of the Ministry of Environment, Energy
and Climate Change to compile a (new) National Waste Managentemt(RWMP), in compliance with Law
4042/2012, whichwould set out the policy, strategy, principles and targets for the management of waste in
Greece and which would suggest the appropriate measures and actions to be taken for the achievement of
these targeas and principles.

The National Waste Prevention &tegic Plamleveloped in December 2014 promotes sustainable consumption

and the reuse of products, as well as raising awareness in relation to waste prevention. The Plan includes a
section for CDW where f@w measures for waste prevention are presented.stégprevention measures for

CDW are mostly limited to promoting information and education about waste prevention and engaging
business, while there are no binding prevention targets attached to this veastam.

The Greek Government adopted on 15 Deceniti5, the National Waste Management Plan (Official Gazette

' Q MTNK MPOPMHDPHAMPU BKAOK LI ASa G2 GKS SyuGAaANB (S
targets of waste management aa national level. They also specify the generalgations and appropriate
measures for the treatment of waste. According to the New NWMP which is supplementary to the National
Waste Prevention Strategic Plan, the national policy on waste managemeigngedrto the following targets

for 2020:

(@]

the generdion of waste per capita to be reduced drastically;

50% of the mixed Municipal Solid Waste (MSW) to be prepared for reuse and to be recycled through
separate collection of recyclables and faste;

the recovery of energy to act as a complementary treatment option when all other recovery options
will have been exhausted;

landfill to constitute only the final treatment option and to be limited to less than 30% of aggregate
MSW quantities. The maximikan of the separation at source and recovery of materials instead of the
treatment of MSW in mixed form has been placed at the core of waste management planning.

(@]

O«
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The National Waste Prevention Strategic Plaadopted in December 2014 aims to promote susidile
consumption and the reuse of products, as well as raising awareness in relation to waste prevention. The Plan
includes a section for CDW where a few measures for waste prevention are presented as well. Waste prevention
measures for CDW are mostly lied to promoting information and education about waste prevention and
engaging business, while there are no binding prevention targets attached to this waste stream.

Moreover,Regional Management Plartsave already been published and they cover the gedgjcap entity
concerned (13 regions) dealing with an analysis of the current waste management situation as well as the
measures to be taken, providing for an adequate and integrated network of disposal installations.

Existing guidelines on CDW management@&eece

TheJMD 36259/1757/E108f 2010 stipulates the obligations of all actors involved in the management of CDW,
with emphasis on increasing the reuse and recovery of CDW following the waste hierarchy. The provisions of
the JMD 36259/2010 on alternagvynanagement of ECDW, apply to waste generated by both the private and
public projects. The aim is reducing the final disposal of ECDW, by encouraging primarily:

0 reuse, recycling and material recovery, in order to reduce the consumption of primamnadevids;

0 energy recovery as an effective utilization means;

0 target setting for recycling and another waste recovery of ECDW in the short and the long run;

0 provision of measures for the cooperation of all those handling ECDW in the framework of thilpollu
pays' principle and the producer's responsibility;

0 establishing a system of public information for adjusting the attitude and behaviour concerning the

management of ECDW.

The alternative management programme for ECDW is also described, outlining Igdinetions and terms
and conditions for the alternative management of ECDW and obligations of producers, as well as conditions
specifying the allocation of allternative Management Certificate (AMC).

The creation of the Alternative Management Systerasbasedon the principle of Extended Producer
Responsibility, which uses financial incentives to encourage producers to design more environmentally friendly
products and renders them responsible for the cost of product management at the end of theycliég(ahen

i.e. those products become waste).

The Systems of alternative CDW are private entities owned by one or more contractors (or the owner of the
construction works if not contracted to any other entity) which are obliged by law to organize orijpaieid

individual or collective alternative management for waste generated by their activity pursuant to Law
2939/2001 and JMD 36259/2010t. The systems organize the whole process of collection, transport, storage
treatment etc. bycooperatingwith accordngly authorized facilities and are responsible to contribute to
achieving the national quantitative collection, recycling and recovery targets. The systems also establish public
AYF2NXYEFGA2YkE 6 NBySaa OF YLI A3Tya | yide atddebakiduiitowardsS | R
alternative waste management.

¢KS O2YLISOSyd |dziK2NRGe NB a LJ2 v & Bystenss off adtevdatite ACDB/Y & A Y
YI y I 3S ¥Syeéce is the Hellenic Recycling Agency (HRA) which has been established gsaditnon
private entity, with full administrative and financial autonomy, supervised byNhiristry of Environment &

Energy

It must be noted that currently in Greece there are 9 operating Systems for alternative managefmen
excavation, CDW. The first system for recycling ECDW was approved by HRA in 2011, followed by four more
collective systems in 2012, two ECDW systems within 2013, and finally two more systems in 2014. Some of
them have expanded their geographical caage ove the last years, but the whole network still covers just
about half the Greek territory.
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Finally, JIMD 36259/1757/E103 stipulates provisions relating to public information, reporting by operators to
the competent authority, audits to check about titempliance with the provisions of this IMD and applying
sanctions on any individual or legal body carrying out ECDW management while violating the JMD.

Existing protocols related to End of Waste (EoW) Status in relation to CDW/Quality criteria

in Greece.
ThereANB y2 &aLISOAFAO ONARGSNARLIF O2yOSNYyAy3d GKS SyR 27F f
LINE BARSE -F-@NAGKSa@WSy&aAaQ 6AY [Fé nAanHkHAMH NI mMoo0

Drivers to sustainhle CDW managemnt in Greece.
In Greece, clear drivers to sustainable CDW management have been identified. They are mainly in relation to
the existing legislation and its enforcement, namely:

0 existence of a welarticulated legal framework for CDW manageméncluding povisions for the
sustainable management of CDW;

0 Green Public Procurement requirements including obligations defined by the public authorities to be
implemented for any public work. These requirements may consist in recycling obligatidsifggation
to use recycled materials. They thus represent an important driver towards innovation and sustainable
CDW management;

0 legislative requirement to undertake a poeemolition audit. A predemolition audit is a tool that can
be used to both identifhazardous subsices and assess the materials to be removed from the building
or infrastructure, and consequently, their potential value, prior to the demolition or renovation activity
can be established. Audits are essential since they enable all staleebahvolved @ get information
on the composition of waste and make it easier to find markets for different waste types. They also
facilitate and maximize the recovery of materials and components for beneficial reuse and recycling;

0 obligation prior to castruction pernitting for setting up a Waste Management Plan concerning the
construction project, by the contractor;

0 estimation of the type and amount of CDW generated and the expected treatment option as a
prerequisite for the permitting of a constructigroject;

0 obligation prior to construction permitting for setting up a Waste Management Plan concerning the
construction project, by the contractor.

Also, some aspects were identified whose |mplementat|on could lead to sustainable management of CDW:

O establishmentofspgcFA O ONAGSNAI (2 RSGSN¥YAYS (KS W9yR 21

0 cooperation between municipalities could also be improved in the field of waste management to better
coordinate the establishment of waste collection and treatment infiacsture as well asgplication of
collection schemes, awareness campaigns and provision of information to households;

0 rising conscience among the public about the need of sound environmental management and

sustainability issues igeneral/Strong community awareness for thesation of preconditions for
sustainable CDW.

4.6.Evaluation

1) Indicate the correct sentence:
A. CDW is defined in the European List of Waste (ELW), in the chapter with code 17 "Construction
and demolition waste"
B. Soil and stones not contaminated by hazardous sultgtarare excluded from this list.
C. Soil and stones not contaminated by hazardous substances are included from this list.

2) What happens with industrial oils, and electronic equipment generated on a construction site?
A. They Must be managed in accordance withspecific legislation.
B. They arancluded in Low list chapter 17 and must be managed as the rest of CDW
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4)

5)

6)

7)

8)

9)
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C. None of the previougquestions are right.

& MT nmM nc F GAa G§KS O2RS F2NJ aSLI NI GS YAEQGd2N

what the asterisk mean8

A. Means that these wastes, which in themselves are not hazardous, are mixed or contain hazardous
wastes.

B. The asterisk means nottgn

C. Concrete and breaks are dangerous by themselves, wittitbout an asterisk.

The main regulatory documerspecific on the management of CDW in Greece is:
A.Wab OCHPMKMTPTKNMAOKHAMA®

B. Law 2939 of 2001

C. Law 4067 of 2012

Accordingto Greeklaw, what includes the CDW?

A. All waste from excavation, construction, and demolition.

B. All waste construction and demolition, himcluding excavation.

C. All waste from excavatioronstruction and demolition, as well as solid waste resulting from the
cutting of marble in preparation for construction purposes and excess concrete or concrete that
remains after construction works arempleted.

Which is the law that stipulates the pasbility of deposition and processing of CDW in inactive mines

and quariies by the certified systems of alternative CDW management?

A [+g nuyn 2F wHnamn WYY ODANRYYSY & BustindblddendloBmeyta | y R
of settlements. Forestlawreigf | G A2y ad YR 20KSNJ LINPGZAAA2Y a0

B.[Fé nnct 2F H/wsHI¥PHSIA 2ydAf RAyY 3

C.[+6 nnon 2F uwunmm WbS¢g gFe& 2F AadaadAy3ad odzAf RAY
LINE A aA2yan

According to the New National \Aste Management Plan adopted on December 2015, sotargets

for 2020 are:

A. 50% of the mixed Municipal Solid Waste (MSW) to be prepared for reuse and to be recycled
through separate collection of recyclables and-hiaste;

B. the recovery of energy to act accamplementary treatment option when all other regery
options will havebeen exhausted;

C. landfill to constitute only the final treatment option and to be limited to less than 30% of
aggregate MSW quantities. The maximization of the separation at sonctesaovery of
materials instead of the treatmerdf MSW in mixed form haseen placed at the core of waste
management planning.

The National Waste Prevention Strategic Plan adopted in December 2014:

A. Waste prevention measures for CDW are mostly limitegromoting information and education
about wasteprevention andengaging business.

B. There are binding prevention targets attached to CDW.

C. There are no binding prevention targets attached to CDW.

Which is the competent authority responsible for licensingdR Y2y A i 2NAyYy 3 GKS WwW{ea
COWmana SYSy (i QceAy DNBS

A. the Hellenic Recycling Agency (HRA), supervised bitiistry of Environment & Energy

B. the Ministry of Envionment & Energy
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C. There is no competent authorityf it.

10) TheJMD 36259/1757/E103 of 2010:
A. Stipulates the obligations of all actors involved in the management of CDW,
B. It appliesto waste generated by both the private and public projects.
C. Itappliesto wade generated only by private projects.

4.7 .Legislatian on theproduction of construction and demolition waste: Italy

CDW is waste from construction and demolition activities as specified in article 184, paragraph 3, letter b), of
Legislative Decree no. 152121 ¢ = WOY @ANRY YSy i f  NHEckdAoF Lediskayvd DeEreel & |
y2® Hnp 2F HnamnX OfFaairfTAasSa olaitsS FTNRY RSY2tAlGAZ2Y
excavation activities on construction sites. CDW is identifieGHmpter 17 of the European List of Waste.

National policies for CDW in Italy

TheGuidelines on operating methods for the management of CRW intended to provide a set of operational
guidelines for better management of problems related to the productiod ananagement of waste in the
construction and demlition sector. The special waste produced annually in Italy at construction and demolition
sites where construction and demolition activities are carried out constitutes a high percentage of the total
quartity of waste produced. Their correct managemeight from the production phase is, therefore, a key
element to allow compliance with theU waste hierarchyguaranteeing the reduction of waste production and
the optimisation of material recovery. The dalines address in a unified way the various aspeelated to the
production and management of such waste, both at the place of production (construction site) and at the fixed
and mobile plants where it is transformed into new products. Emphasis ischtatée encouragement of so

Ol f sefediive Wenof A (ds 2hg Rost effective solution to reduce the amount of waste produced and to
promote the separation and more efficient recovery of separated fractions.

CDW recovery.
While waiting for the EU redations governing the matter, th&uidelines on oprating methods for the
management of CDVilentifies the Technical Reference Standards for building products provided for by DM
pdPH PPy O0BKAOK NBFSNE G2 Wdzadz f f &tiony)l ANgt & allSitRs nd&cesbeyd Q
to distingush the materials covered by the Technical Standards in:

0 WNBO2Of SR LINPRdzOGAQT

O Wol &S rifiutital quél). A 3 Q 6

In particular, materials coming from the recovery and processing of specidiamardousvaste deriving from
construction and demolition (@) operations or consisting of waste materials deriving from artisan/industrial
processes and transformed into procts by means of suitable recovery operations carried out in plants
authorised for this pysose pursuant to Chapter IV of Legislative Dec@el 52 of 3 April 2006 (Environmental
NE3dzt F §A2ya0 INB (2 0S O2yaARSNBR WNBO2USNBR LINERJ
The materials comingrom construction or demolition activitiesmainly consist of bricks, masonry, fragments

of cement conglomerates, including reinforced caeter coatings and ceramic products, waste from the
prefabrication industry of concrete products, including reinfatceoncrete, fragments of road or railway
superstructures, cokanilled bituminous conglomeites, plasters, bedding, etc.

The waste materialcoming from artisan/industrial processeare mainly made up of steelworks slag, glass
and crystal waste, foundry sdnsludge and dust, etc. In the formation of recovered products can also be used
natural materials from excavation activities (such as easdhnd, gravel, etc.). The recovered products can
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become, in turn, constituent materials for the production of ottmmmmercial products with characteristics
suitable for the requirements of the client.

Waste as it is considered# ¢ I & G S is asteak speckied & Annex Annex 1 to Ministerial Decree 5/2/98

and subsequent amendments and not subject to the recovery operations provided for by this decree. Waste
dzZa SR Wl & A&aQ NXBY ltoihé gectdraf legisiitdn ob Wwastéhd fedhdid@ Reguiations define

GKS OKINI}OGSNrRaitAaAOa 2F 61 aiSs 6KSy dzaSR WhHa AaQ Ay
Decree 05/02/98 and subsequent amendments and integrations, and ofeesthproducts, the latter classified
acording totheir cohesion and production methods (in recovery plants) in:

0 unbound products;
0 products bound with a hydraulic or bituminous binder.

From products bound with hydraulic binder, improved or stabilizechex@ mixtures as defined by UNI EN
1422710 must ke excluded as they cannot be classified in terms of compressive or tensile strength and elastic
modulus. Therefore, mixtures treated or stabilized with cement, which do not fall within the definition of
bonded mixtures, must comply with the relsatest béore the addition of the hydraulic binder. Products bound

with hydraulic or bituminous binder shall not be subjected to the above test unless specifically provided for in
the relevant industry standards, WaANBE | @1 Af | 6 f S® 2cbvaréd$oddess SvRich&dmaly witlh Q |y
the technical standards, may be used in the following works:

new construction and road maintenance works;

construction and maintenance works in general (fillings for the constmiof geotechnical works for

the stablization and consolidation of slopes, soil consolidation, foundation layers, construction of civil
and industrial yards, building constructions, etc.);

0 environmental recoveries (fillings, reshaping, containment defitnce of the territory, etc.);

O¢ O«

In general, the raterials (waste as such and recovered products) used must be qualified according to the
following regulatory constraints:

0 binding technical requirements for the qualification, classification and deternunaif the properties

of the mateials;
0 suitabilty for use and marketing of materials according to Regulation (EU) no. 305/2011 of the
9dzNB LISIY tFNIAIFIYSYyd FyR 2F GKS /2dzyOAt 2F ¢ al
marketing of constrution products and repealing Couh®irective 89/ic Kk 99/ Q 6/ 9 YI NJ A
applicable national legislation of the sector;

applicable environmental requirements derived from the technical standards set out in the Ministerial Decree
of 5February 1998, a4 I YSY RSR | y R #fidatidniof SovitggaidGiRwasite sRbfeyt to simplified
NEO2QPSNE LINPOSRdzNBa LlzNBdzZl yd G2 FNGAOES& om yR oo
of the Ministry of the Environment and Territory Proted 2y 2 F wmp Wdzfo2 operationpidihe W D dzA F
O2yaiNMzOGA2YS NBFR FYyR SY@ANRYYSyGlrf aSOdi2NARZI LldzN
[ SIA&atf I GADS 5SONBS y2d mMpH 2F o ! LINAEt Hnannc W9y JANEP

For the product charactéh & G A O&4 (2 ¢ K2R&KOIMXS ondwdid appliBgkEcordiigito the
specific use, reference must be made to the relevant UNI Technical Standards updated to the latest edition of
the publication.

Existing guidelines on CDW management ialyt
In Italy there are noegulations that indica methodologies and guidelines for the management of waste from
the construction and demolition of buildings. Such directives, however, are issued by each region.
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Below are presented some of tigaiidelineselaborated at regional angrovincial levelin Itay. In particular,
by way of example:

Bologna, 2004 with Programme Agreement approved by Resolution No. 70 of 24 July 2001 and amended by
Council Resolution no. 90 of 23 July 2002;

0 Trento, 2011 with Resdlion n.1333 of 24 June 2Q1

0 Bolzano, 2016 with Bvincial Council Resolution n. 1030 of 27 September 2016 and recently updated
with Provincial Council Resolution n. 398 of 11 April 2017,

0 Veneto, 2012 with Decreto del Governo Regionale (DGR) Veneto rbol28 August 2012 and R&
n.1060 of 24 June 2@1

0 Lazio, 2012 with DGR Lazio no. 34 of 26 January 2012;

0 Liguria, 2015 with DGR Liguria no. 734 of 20 June 2015.

The purpose of these guidelines is to provide a set of operatimzalagement guidelines rdlag both to the
production and management of wasstas part of construction and demolition activities (from the production
site-yard to the treatment sites where it is recovered and transformed into new products).

The objective of the guidelines is teduce the produdgbn of waste, optimise and maxise@ its recovery,
thereby reducing the quantities destined for final disposal in landfills and the overall environmental impact.

At territorial level, the major common indications advanced in these guidelieter to:

Selective demolition
Based on the angted guidelines, source separation of various types of waste that must be sent to appropriate
GNBFGYSyld LXIFyida 2N waSt SOGADBS RSY2fAUA2y QY édsd (KS

Ideally,to gain maximum efficiency, the denitixbn process needs to be done backwards, that is in the opposite
order than that used during the process of constructing the building.

The subsequent fractions have to be separated before demolishing @aliestructures and during demolition:

0 hazardous mierials and components: e.g. materials containing asbestos, switches containing PCBs;

0 reusable components: tiles, tiles, roof tiles, beams, railings and parapets, windows and doors, which
Oy 0S5 WRAMY layway asiRdrich can be readapted to@w use without changing their
3S2YSGNRO OKFNIOGSNRAAGAOAD® ¢KAAZ FOO2NRAY3 (2
of the properties that the element still possesses, as specifitiiemguidelnes of the Veneto region;

0 recyclable naterials;

0 non-recyclable waste: destined for disposal.

The following basic objectives can be reached by implementing such measures:

1. to support effective separation and recovery of the resulted fractions;
2. to minimise the quantity of generated waste;
3. to remove hazardous compounds

The source separation process enables obtaining homogeneous inert waste, free of possible hazardous fractions
that are eliminated during the early stages.

As well, to avoid the forman of mixed piles of waste, and their transpoaot tecovery/disposal plants, CDW
storage has to be carried out by category (e.g. bricks, iron, and wood) and adequately labelled with the
corresponding ELW code.

Producer rejection analysis arshmpling rates
The following situations can be encountered:
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When selective demolition is practiced for certain categories of buildings (such as civil, commercial or part of
industrial ones), not aimed for productive use, and waste are thought to be honeogen the praucer can

make the classification based on cogrétiaspects, not requiring evaluation for assigning the LoW code (albeit
mirrored). Nevertheless, the producer/ owner must declare on his own responsibility that the wastes are not
hazardous.

When no possillity exists to confirm in advance the source o&ttvaste or their hazardousness, whatever
waste bearing a mirror code has to be analysed. Such analyses should be conducted on a considerable amount
of waste to depict the amount that will be gerated.

When selective demolition is not applied, wastes anéed, and therefore must be subjected to analytical
characterization. Furthermore, sampling must be conducted based on the technical regulation issued for the
sector.

The minimum chemical pridé requiredmust be evaluated according to the type of builgliand could include
analyses on the following parameters: pH, lead, nickel, copper, total chromium, chromium VI, mercury, arsenic,
cadmium, zinc, cyanides, heavy hydrocarbons C>12, PAH, Rkt lalso bedemonstrated that CDW is
asbestodree.

CDW recogry facilities

As regards waste acceptance procedures in recycling plants, the Veneto Region's guidelines are those which
provide a more irdepth argument. These procedures, at the time ofwkaly, must becarried out by the person

in charge of the contis and must provide for the following minimum contents:

There are two major categories of facilities:

~

0 Fixed installationg; providing a better quality of the recycled aggregate produced, duledd comple
grinding systems.

0 Mobile plantsg providing flexbility of use orsite and eliminating or reducing transportation costs, but

an inferior quality of the recycled aggregate produced, due to their limited capacity to separate waste

fractions.

However, witha high level of transportabilittand energy autonmy, these installations, unlike fixed
installations, allow a limited separation of waste fractions and thus a lower quality of the recycled aggregate.

Waste acceptance procedures and incoming controls.

As egards waste acceptangeocedures in recycling @hts, the Veneto Region's guidelines are those which
provide a more irdepth argument. These procedures, at the time of delivery, must be carried out by the person
in charge of the controls and must provitte the following mininum contents:

0 administrative controls: inspection of the documentation necessary for the delivery of the waste
(selective demolition certification form if present, certification of the analytical controls if required and
documents réating to the transporte);
specific checks of cagct correspondence of the ELW code with the authorised codes;
quality controls: visual checks of the actual correspondence of the waste type with the waste indication
form (FIR). Therefore, during unloadirthe absence of asbexs and other norcompliantmaterials in
CDW must be verified. If, during the discharge phase;cmmpliance is detected, the operations must

be interrupted and what has already been discharged must be reloaded onto the vehicle;
0 management ofproducts obtained from recovery.

O¢ O«

To chek for the best suited uses of the recycled aggregates, these must be analysed to establish their
environmental compatibility and to assess their properties.
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To provide for a sustained and a good qualignstard onemust conduct characterization tests &accordance
GAGK (KS LINRP@GAaAzya adlriSR Ay (KS LI IFyidQa 2LISNI GAY

The results of the environmental compatibility tests must prove the secure and sustainable protection of soil
and water resources.

Theenvironmerial compatibility of the recycled agggate has to be checked on the finished product, in spite
of the fact that the product results from mixed materials.

On the basis dMinisterial Decree 05/02/1998t will, therefore, be necessary to carry e trander test on
the material produced accding to the indications of Annex 3. Recycled aggregates, which exceed the
established limits, must be disposed of as special waste.

From the analysis of the guidelines of the Autonomous Province of Bolza@vident that the chemical
characterization &ries according to the type of material produced, that is:

~

0 the asphalt granulate requires the analysis of the eluate only if its foreseen use is in a loose and not
Wo2dzy RQ aidl GST

0 granulatedfrom recycled ad mixed cowrrete (with a maximum of 15% bituminogesnglomerates)

requires, regardless of the type of recovery, the performance of the transfer test and an analysis of the

fractions present.

To be marketed, products obtained from CDW recovery must holdCta®arking. Therefore, such products

have to be aalysed in terms of their performance characteristics. Subject to the specific reference standards
applicable (UNI EN 12620, 13242, 13043) and according to the foreseen type of use, the level of att&fstation
conformity must comply with the requirementsfo Wa & ad Sy nQ -& & MUzO & &NIOt 8 Sdzz2 $0 U
(in the case of loathearing or structural use).

Clearly, as it follows from the SNPA document, the controls applicable in the executies ¢llae technical

and chemical characteristicd the material to be installed and the periodic controls in production that the
manufacturer is required to conduct according to the harmonised standards and the specific authorisation of
the production/re@vely plant, must be carried out simultaneously.

Existing protocols related to End of Waste (EoW) Status in relation to CDW/Quality criteria

in Italy.

On November 3, 2019,aw no. 128/201%0J no. 257 of November 2, 2019) came into force, converting
Legishtive Decree no. 101/2019,the €0 f f SR PNR¥EH FERSONBES>S 6KAOKIZI | Y2
and integrated art. 184 terdecies of Legislative Decree no. 152/2006 (Environmental Code) regarding end of
waste.

Article 14bis, introduced thanks to thaction of various trade associations, providesparticular, that if for
OSNI Ay (GeéeLlSa 2F ¢laidsS GKS ONRGSNAIF F2NIAdG& YIFyl 3S
and national level, the Regions (or Provinces if delegated) may-issdeherefore also renewW O kb a4 S Q
permits, in compliance with the conditions set out in Article 6 of European Directive 2008/98 and on the basis

of detailed criteria that must be defined within the same authorization procedures and concern:

0 incoming waste materials eligible for the recovery oaton;

0 permitted treatment processes and techniques;

0 quality criteria for endof-waste materials obtained from the recovery operation in line with the
applicable product standards, including limit vedufa polluting substances, if necessary;

0 requirements for management systems to demonstrate compliance with -efivaste criteria,

including quality control, selhonitoring and accreditation, where appropriate;
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0 requirements for management systems tiemonstiate compliance with the endf-waste criteria
(qudity control, monitoring and accreditation).

The newagreement aimso simplify the procedures for the recovery and reuse of waste, also reflecting on who
or what authorises them; to make it easifar companies operating in the circular economy, protegtithe
environment and people's health.

The waste streams for which EoW criteria have already been agreed at European level with specific regulations
are:

0 scrap iron, steel and aluminiunCouncil RgulationEC no. 333/2011 of 31 March 2011;
0 scrap glassCommission Regulation (EU) No 1179/2012 of 10 December 2012;
0 copper scrap Regulation 715/2013;

while Italy has regulated the following EoW criteria:

0 secondary solid waste fuels (in Italiamombustibili stidi secondariCSS), and thus the salled "car
fluff" - Regulation 22/2013 of 14 February 2013;

0 asphalt milled Decree 69/2018, in force since 3 July 2018;

0 absorbenthygieneproducts.

EoW is not aste prevention. It helps the material not to end ugandfills or incinerators but does not address
the issue of prevention. Prevention is upstream of a corporate decisiaking process that involves a board
effort to identify those tools that can pride the elements to define the waste hierarchy and caampte with
the principles of circular economy.

Drivers to sustainable CDW management in Italy.

An important opportunity for the development of the sector is the applicatiotGoéen Public Procurement

(GPP) standardis the various sectors of use of reaglaggregates. With the publication of Law No./2915

Wt NEgAaArzya 2y SY@ANRBYYSydlf YFGGSNAR G2 LINRY2(GS 3l
2F yI GdzNF £ NB a2 dasNdoubtsy efnondy thd EUaVendbler SStatésk t& imFoseNtkgalkion to

apply Minimum Environmental CriteriaNIEC)for public contracting stations, relaunching the importance of

green procurement as a strategic tool. Article 23 of the law also provides fgrdnone Agreements and
incentives aimed at supporting tirecycling sector. These agreements and progransorgracts are aimed at

(b) the provision of incentives in favour of business activities for the marketing of recycled aggregates marked
CE and definetl OO2NRAY 3 G2 ! bL 9b MoHNMHYHAMO YR ! bL 9b wmi

The subsequentode of Public Contracts (LegislaiDecree 50/2016¢onfirmed the mandatory inclusion of
MEC in calls for tenders, providing for a minimum of 50% or 100% of the basic auction vala&an to the
contract categories and where, not sewary, the identification of actions to reduce wasds promoted. In
addition, the Decree of the Ministry of the Environment dated 24 December 2015 was published in the Official
Gazette no. 16 of 2laduary 2016, with which CAMs are issued for the awardirdesign and works services

for the new constrution, renovation and maintenance of buildings and for the management of public
administration worksites, which include concreteated properties amog the criteria to be applied for the
evaluation of progcts participating in public tenders. In fact, fooncrete, and related component materials
produced onsite, a minimum content of recycled material of at least 5% by weight is envisaged, as tlogé sum
the percentages of recycled material contained in thdividual components (cement, additions, aggrega
additives), compatibly with the limits imposed by the specific technical standards. Therefore, to date all the
regulatory instruments necessargrfthe correct diffusion and application of GPP in tlemstruction sector
seem to have been developed.

Aspart of the GPPdissemination activities of the PREPAIR LIFE Project, a manual for green procurement has
been developed. The manual aims to give @penal indications to contracting stations and designéar the
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correct application oMECfor the constuction and renovation of buildings adoptedth the MinisterialDecree
of 24 December 2015, updated to 11 October 2017 (OJ of 6.11.2017 n.259).

Specifically:

(0]

the first part of the document contains the prisions introduced by the new Procurement Code to
YI1TS + GSYRSNJ LIN2EOSRdAzZNE WINBSyQT

the second part includes a summary and operational indications for the contracting stations to better
explain the scope of the building CAM, the specific contents and thesaible means of proof.

4.8. Evaluation

1)

2)

3)

4)

5)

6)

7)

Indicatethe correct sentence:

A. CDW is defined in the European List of Waste (ELW), in the chapter with code 17 "Construction and
demolition waste"

B. Soil and stones not contaminated by hazardous substances are egdhate this list.

C. Soil and stones not contaminatdy hazardous substances are included from this list.

What happens with industrial oils, and electronic equipment gamaged on a construction site?
A. They Must be managed in accordance with its specifisleggpn.

B. They are included in Low list chapter d7d must be managed as the rest of CDW

C. Noneof the previougjuestions are right.

/| 2RS aGmT n M 5 sepafate nikturdsBrir&ctibNsSRconigréte, bricks, tiles and ceramics.

What the asteriskmeans ?

A. Means that these wastes, which in themsedvare not hazardous, are mixed or contain hazardous
wastes.

B. The asterisk means nothing.

C. Concrete and breaks adangerous by themselves, with without an asterisk.

In ltaly, the Legislative Decreeno. A Hnnc > WOYBANRYYSy Gl t article Bldz | G A
of Legislative Decree no. 205 of 2010, classifies waste from demolition and construction as:

A. special waste

B. waste excavation activities on construction sites.

C. Both previous answers are true

Exising guidelines on CDW management in ltaly:

A. In Italy there are no regulations that indicate methodologies and guidelines for the management of
wastefrom CDW.

B. In Italy there are regulations that indicate methodologies and guidelines for the management of
waste from CDW

C. Inltaly there are guidelines elabdeal at regional and provincial level for the management of waste
from CDW.

2 KAOK 27F (0 KIESNAG 41330 02WwS FNRY | NIGAA&FYKAYRdza i NA
A. steelworks slag

B. bricks

C. fragments of road or railway supdrsctures.

21 aidS dzaSR Wl & A ate whicyi EomphySviihthd &ohBidal staid@ dR,dr@y be used
in the following works:
A. new construction and road maintenance works;
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B. construction and maintenance works in general (fillings for the constructigeotechnical works
for the stabilization andansolidation of slopes, soil consolidation, foundation layers, construction
of civil and industrial yards, building constructioats.);

C. environmental recoveries (fillings, reshaping, containment andmigfeof the territory, etc.);

8) Indicate the CDW reogery facilities
A. Fixed installations
B. Mobile plants
C. In ltaly, there is not recovery facilities

9) Which are the necessary incoming controls in CDW recovery facilities?

A. administrative controls: inspection of ¢hdocumentation necessary for the delivery of thaste
(selective demolitioreertification form if present, certification of the analytical controls if required
and documents relating to the transporter);

B. specific checks of correct correspondence of tt@V code with the authorised codes;

quality contrds: visual checks of the a@l correspondence of the waste type with the waste
indication form (FIR).

o

10) Indicate the right sentence

A. Italy has no obligation to apply the Minimum Environmental Criteria (MEC)

B. Italy was the first country, among the EU Memligtates, to impose thebligation to apply
Minimum Environmental Criteria (MEC) for public contracting stations, relaunching the importance
of green procurement as a strategic tool.

C. ltaly was the last counyry among the EU Member States, to impose the @lia; to apply
Minimum Environmental Criteria (MEC) for public contracting stations, relaunching the importance
of green procurement as a strategic tool.

4.9.Legislation on the production of construction and melition waste: Portugal

Definition of constructon and demolition wasg in Portugal.

Portuguese legislation defines CDW as thaste generated in construction, reconstruction, expansion,
alteration, conservation, demolition and collapse of buildifDscreeLaw No. 46/200&f March 12, is based

on thedefinition set outin article 3 (gg) of Decreleaw No. 178/2006 of September 5, in the wording given by
DecreeLaw No. 73/2011 of June 17). Most of the wastes are generated by the civil construction kierks,
constructions, demolitions and maintenancpeasations, restoratin, remodelling and rehabilitation of existing
buildings. Waste from construction or demolition could be classified base on their origin, chemical properties,
or even recycling possiliies, among others. All of them, in specific cotige have advantagebut also have
limitations.

Legislation on the production of construction and demolition waste: Portugal

Through the publication ddecreeLaw No. 46/2008, of 12 March, amended by Desfleaw No. 73/2011 of 17

June which establishes #hregime for the management operations of CDW, comprising its prevention and
reuse and its operations of collection, transport, storage, treatment, recovery and disposal, was launched the
first of a serie®f legislative and normativeneasures to fill knovedge gaps, and to promote the application of

the waste hierarchy.

That legislation is the result of a national initiative. However, with the publication of WDF, the 2020 target of
70% preparation for thesuse, recycling and recoweof other materialsincluding filling operations using waste

as a substitute for other materials, ndrazardous construction and demolition waste, excluding natural
materials defined in category 17 05 04 from the waste list.
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The target of 70% recovery @DW set in article 16f WFD has been transposed in Portugal by Deteag
73/2011 of 12 June by article 7, paragraph 6, point b). According to data presented to the EC by the Portuguese
Environment Agency, regarding CDW fof2n Portugal, the compliae with the target stads at 34% (APA,

2014).

It should be noted that in Portugal, among other amendments instituted through the publicatiDeatee
Law No. 46/2008the following stand out for CDWs:

~

0 the possibility of reusefosoils and rocks not conta@ing hazardous substags, preferably in the work

of origin, if this is not possible, is envisaged the reuse in works other than the original, as well as in the

environmental and landscape recovery of quarries, in the covearuffills intended for waster in a

place licensedby the municipal councils;

the definition of methodologies and practices to be adopted in the design and execution phases of the

work that favours the application of the principle of the hierarchy of wastmagement operations;

0 the establishment of a maagement hierarchy omite that privileges reuse asite, followed by sorting

in the work of origin of the CDWS whose production is not preventable. If sorting at the place of

production of waste proves unésible, sorting may take pa at the site attache to the work. At the

base of the hierarchy is the routing of CDWs to licensed operators for this purpose;

the establishment of the obligation to screen for geadfilling of CDWs;

the definition of an CDWtransport guide, taking fo account the specifities of the sector, in order to

remedy the problems expressed in relation to the use of the waste monitoring guide provided for in

Ordinance 335/97 of 16 May;

the exemption from licensing for certain mag@ment operations, in casashere not only did the

licensing procedure not translate into environmental added value, but constituted a strong obstacle to

CDWs management in line with the principle of the waste management hierarchy;

0 the application of CDWm work conditional on comfnce with national oilCommunity technical
standards;

0 accountability for the management of the CDWs of the various actors in their life cycle, to the extent of
their intervention and in accordance with the decree;

0 the creation ¢ innovative planning mechams (development andmplementation of the CDWs
Prevention and Management Plan in the context of public works) and the recording of CDWs data
(private works);

0 the obligation to issue a certificate of receipt by the managemegrator of the CDWSs.

O«

O¢ O«

O«

Oneof the main intentions othis legislation is to promote the recycling of CDWSs. This opportunity has been
reinforced with the publication of the Decrdeaw No. 73/2011, 17 June, which amended the general waste
management regime anttansposes Directive 2@98/EC of the EuropeanaRiament and the Council of 19
November on waste, which sets very ambitious CDWSs recycling targets: by 2020, 70% of CDWs produced in the
Member States will have to be referred for recycling.

Ordinance No40/2014 of 17 Februarwas published, whiclestablishes the rules for the correct removal of
materials containing asbestosand for the packaging, transport and management of the respective
construction and demolition waste generated, with a view to thetpction of the environmat and human
health. Withthis decree, it is intended to clarify the aspects inherent to the inventory of materials containing
asbestos and their characterization, in the design phase, as well as the conditioning, transporg stotag
disposal of CDW witasbestos that are genated.

In the case of CDW, whose management operations are regulated by BlenreBlo. 46/2008, of 12 March

and, being established in the General Waste Management Regime (RGGR) ), amended and republished by
decreelaw no. 73/2011, 617 June, recovery tar¢ggfor northazardous CDW, this Agency has been concerned

with ensuring an adequate characterization of recovery operations, in the sense given by the RGGR, for that
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CDW containing asbestos are not undulymid for recovery, whildimproperly) mixed withother RCDs
(inert).

The search for licensed establishments to carry out waste management operations in relation to the LER codes
170601* and 170605* of the European Waste List, related to CDW with asbeatobge obtained in SIL&G
Information System fothe Licensing of Waste Management Operations.

The search for licensed establishments to carry out waste management operations in relation to the LER codes
170601* and 170605* of the European Waste Lislated to CDW with asbess$, can be obtained inISDGR
Information System for the Licensing of Waste Management Operations.

The regime of the constitution, management and operation of the organized waste market, is established by
DecreeLaw No. 210/20090f September 3, tryingp address the normalizain needs related to the monitoring

and inspection of the actions of the management entities of organized waste markets, and to bridge electronic
platforms of the organized markets and the SIRAPA platfdmedrated System of Regjration of the
Portugue® Environment Agency Sistema Integrado de Registo da Agéncia Portuguesa do Ampiente
development of thelntegrated System of Electronic Registration of Wast&istema Integrado de Registo
Eletronico @ ResiduoESIRER) alsorkseen in the general ggme of waste management.

National policies for CDW in Portugal

Through the publication ddecreeLaw No. 46/2008 approving the regime of CDW managemeftl2 March,
amended by Decrekaw No. 73/2011 of 1June, which establishélse regime for the manageent operations

of CDW, comprising its prevention and reuse and its operations of collection, transport, storage, treatment,
recovery and disposal, was launched the first of a series of legislative andthameasures to fill kmwledge

gaps, and to promte the application of the waste hierarchy.

TheNational Waste Management Plan for 2022D20(Resolution of the Council of Ministers 1€/2015 of 16

March) includes also the national Waste Prevention $tggt In this plan a general description of CDW ttued

target set on article 11 of the WFD are included. However, there are no new specific measures regarding CDW
prevention or CDW management. Apart fromet National Waste Management Plan, there are noeoth
strategic documents/plans in place in Portugdth reference to CDW. However, article 4 of Dectesv
nckHnny X NBIFINRAYyI GKS €S3aFf FNIYSE2N] F2N /52
qualitative goals to be achieved in accordance lith goals set by national or EU law applicabl€W, as

well as the priorities, targets and actions for its management will be set out in a specific plan for CDW
management, approved in accordance wditticle 15 ofDecreeLaw 178/2006 of 5 September(paiblished by
DecreeLaw 73/2011 of 17 Jun& &

Themain objective of the document was to create legal conditions for the correct management of CDWs that
favoured the prevention of production and hazardse thise of sorting at source, recycling and othenferof
recovery, thereby reducing the use of natur@sources and minimizing the use of landfills, which in the
alternative leads to an increase in the useful life.

One of the main intentions of this letasion is to promote the recycling of CDWSs. Thipanunity has been
reinforced with the publicatiorof DecreeLaw No. 73/2011, 17 June, which amended the general waste
management regime and transposes Directive No 2008/98/EC of the European Parliamhé¢hé &@ouncil of

19 November on waste, which setsry ambitious CDWSs recycling targets: by 2020, @0&ZDWs produced in
the Member States will have to be referred for recycling.

Intending to preserve natural resources and promote the recovery of wastealso possible to incorporate
waste in construton materials, such as modified bituminous mixarwith rubber granules of used tires
(dispatch 4015/2007).
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Existing targets for CDW recycling in Portugal

In Portugal, Decrekaw no. 73/2011 (Article Qefines targets for the recycling and reuse of veaist order to
meet the targets for 2020 defined BsU. One of the targets is the use of at least 5% of waste incorporated in
civic works. Thus, th®ecreeLaw No. 18/2008approved the Public ContracBodes that establishes the
obligation to use at least%recycled materials osite, in public worksin order to reduce the extraction of
natural resources and disposal of waste.

Existing guidelines on CDW management in Portugal

The Decred.aw 73/2011 of 17 June lays down provisions to decide when substanoegects resulting from

a production process cdme considered to be bproducts and not waste as well as criteria for EOW. These are
set in articles 44 a) and 44 b) respeety.

In accordance with article 44 a), a-pyoduct or a noavaste material is¥  a dzo a G+ yOS 2NJ 2062 S«
production process, whose principal purpose is not its production when the following conditions are met:

- WAHIKS Y (SN Istfutie agplNatién dzaleteiintingdd S Q
- the substance or object can be used direstihout further processing, aside from that whitdkes
place via normal industrial practice;
- the production of the substance or object is an integral part of a producticrepsy
- the substance or object fulfils the relevant health and environmentaliregents in regards to its
intended use, meaninghat they do not lead to overall adverse impacts from an environmental or
KdzYl'y LISNRLISOGABS®Q
The classification of a hyroduct must be made by stakeholders, througéctoralassociations or individually,
at the Portuguese Environment Agency, by submitargpecific application form. The4pyoduct classification
does not apply to waste that is excluded from the scope of naliomaste management legal framework
(DecreeLaw 73/2011 of 12 June), nor to thensumption of waste generated in production adie$ (e.g.
empty packages).

Based on article 44 b), EOW criteria can applyddicular waste, subjected to a recovery optoa, including
recycling, and complies with specific requiremed¢veloped in acordance with the Article 6 of WDF.

Without a conmon EU criteria, the National Waste Authority may, after consulting the directly interested
economic operators or their repsentative structures, set specific requirements that must be fulfilled in order
a certain object or substance to be considered appgduct or qualify for EOW status. In the present case,
Portuguese Environment Agency should:

(@]

prepare an Ordinancspecifying the requirements for waste declassification;

communicate the decision to the Eapean Commission through the Portuguese InstitigeQuality,
in accordance with Decreleaw 58/2000 of 18 April (Decretei 58/2000, de 18 de abril), which
provides the rules to administrative procedures in these cases.

(@]

The waste legal framework is Honger applicable to that specific object or sudnste, but the legislation
concerning products or substances applies, namely the Regulation (EC) 1272/2008 &tlass@ckaging and
labelling) and the Regulation (EC) 1907/2006 (REACkegulation caterning the Registration, Evaluation,
Authorisatian and restriction of Chemicals). Currently, no specific EoW criteria for CDW exist in Portugal.

Existing protocols elated to End of Waste (EoW) Status in relation to CDW/Quality criteria

in Portugal.
The 2creeLaw 73/2011 of 17 June lays down provisitmdecide when substances or objects resulting from
a production process can be considered to bepbyducts and notvaste as well as criteria for EOW. These are
set in articles 44 a) and 44 b) respectively
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In accordance with article 44 a), a-psoductoranong I a0 S YIF GSNRAIf Aa Wl a&adzmadl
production process, whose principal purpose i$ it®production when the following conditions are met:

- WEKS YI GSNAI f @ appliNdtion dzdeleimingd® S Q& ¥ dzi

- the substance or gbct can be used directly without further processing, aside from that which takes
place via normaindustrial practice;

- the production of the substance or object is an integral part of a production process;

- the substance or object fulfils the relevant ltkaand environmental requirements in regards to its
intended use, meaning that they do not leaddeerall adverse impacts from an environmental or
KdzYly LISNBLISOGAGBS®HQ

The classification of a gyroduct muwst be made by stakeholders, through sectorial @sastions or individually,
at the Portuguese Environment Agency, by submitting a specific appfidatim. The byproduct classification
does not apply to waste that is excluded from the scope of natioredtev management legal framework

(DecreeLaw 73/201 of 12 June), nor to the consumption of waste generated in production activities (e.g.
empty packges).

Based on article 44 b), EoW criteria can applyadicular waste, subjected to a recovery operatiamcluding
recycling, and complies with specifequirementsdeveloped in accordance with the Article 6 of WDF.

Without a common EU criteria, theaonal Waste Authority may, after consulting the directly interested
economic operators or their represeative structures, set specific requirements thatist be fulfilled in order

a certain object or substance to be considered gpbyduct or qualify fo EoW status. In the present case,
Portuguese Environment Agency should:

Ox¢

prepare an Ordinance specifyingethequirements for waste declassification;

communtcate the decision to the European Commission through the Portuguese Institute for Quality,
in accordance with Decreleaw 58/2000 of 18 April (Decreteei 58/2000, de 18 de abril), which
provides the rulesd administrative procedures in these cases.

Ox¢

The wvaste legal framework is no longer applicable to that specific object or substance, but the legislation
concerning products or substances applies, namely the Regulation (EC) 1272/2008 (classificatioimgpacétag
labelling) and the Regulation (EC907/2006 (REACGHU regulation concerning the Registration, Evaluation,
Authorisation and restriction of Chemicals). Currently, no specific EOW criteria for CDW exist in Portugal.

Drivers to sustainable CDW managent in Portugal.
Specific legislation thatould create good conditions for sustainable management of CDW:

National/regional sorting obligation

DecreelLaw 46/20080f 12 March- Article 8, paragraphs 1 and 2: CDW which cannot be reused has to be sorted
at the construction site to be recovered oeaycleq if sorting at the construction site is not possible, the
producer must deliver it to a licensed waste operator (sorting facility).

Obligation for separate collection and management of hazardous waste@Draperations

Ordinance 40/2014f 17 Febuary- Establishes rules for the correct removal of materials containing asbestos,
and for packaging, transport and management of the respective CDW generated.

Green public procurement requirementssupported bythe resolution of the Council dflinisters 65/2007of

May 7" that establishes the strategic guidelines for green public procurement -2008. The public

procurement can play a major role in the European Union's Sustainable Development Strategy so, this

resolution establishes a nationstrategy to faceclimate change, thus facilitating the State's activity to be more

and more neutral in terms of greenhouse gas (GHG) emissions and to stimulate the improvement of contracting
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services with respect for envinonental values, saving materialad energy and mucing waste and emissions
at national level comprising, at the same time, with EU green goals.

National Waste Management Plan (2022020 and 2014020)- an instrument of macro planning of the waste
policyestablishing the strategic guitiees, of nationascope, of prevention and management of waste, in the
sense of the concretization of the principles enunciated in the community and national legislation, in a
perspective of the protection of the environmeand development of the countryThis Plan calfer a change

in the current paradigm in terms of waste, consolidating waste prevention and management as a way to
continue the life cycle of materials, constituting an essential step to return useful rastemd energy to the

economy.

4.10.

1)

2)

3)

4)

5)

6)

7)

Bvaluation

Indicate the correct sentence:
A. CDW is defined in the European List of Waste (ELW), in the chapter with code 17 "Construction and

B.

demolition waste"
Soil and stones not contaminated by hazardous substances aredegditom this list.

C. Soil and stones not contamited by hazardous substances are included from this list.

What happens with industrial oils, and electronic equipment generated on a constien site?
A. They Must be managed in accordance with its spe@fjislation.

B.

They are included in Low list chaptief and must be managed as the rest of CDW

C. Noneof the previougjuestions are right.

/| 2RS amt nm nc F§ rhidturel® FabtiddgBfRondrete, biickd, Hebland &ramics.
What the asteriskmeans?
A. Means that these wastes, which in themsehare not hazardous, are mixed or contain hazardous

B.
1.

wastes.
The asterisk means nothing.
Concrete and breaks agangerous by themselves, with or without an asterisk.

Legislation on the production of conatiction and demolition waste in Romania.

A.
B.

Romania des not have a dedicated CDW legislation.
the Ministry of Environment is preparing@overnment Decision ProjedGDP) to establish the
legal framework for managing CDW

C. None of the previouanswers igorred.

Legislation on the production of constructionnal demolition waste in Portugal

A.
B.
C.

DecreeLaw No. 46/2008, of 12 March, amended by Dedraes No. 73/2011 of 17 June
DecreeLaw No. 46/2008
There is no CDW legislation in Portugal.

In Portugal, among other anmdments instituted through the publication of Deee-Law No.
46/2008, the following stand out for CDWs:

A.

B.

C.

Accountability for the management of the CDWs of the various actors in their life cycle, to the
extent of their intervention and in accordance with tdecree;

The creation of innovative planning mechsms (development anamplementation of the CDWs
Prevention and Management Plan in the context of public works) and the recording of CDWs data
(private works);

The obligation to issue a certificate of reueby the management operator of the CDWSs.

Existirg targets for CDW reajing in Portugal.
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A. TheDecreeLaw No. 18/200&pproved the Public Contracts Codes thatablishes the obligation
to use at least 5% recycled materialsste, in public works.

B. TheDecreelLaw No. 18/200&pproved the Public ContractCodes thaestablishes the obligation
to use at least 25% recycled materialsste, in public works.

C. Theee is not CDW recycling in Portugal.

8) In Portugal, which is the rule for the correct removal paglag, transport and management of
materials contaning asbestos?
A. Ordinance No. 40/2014 of 17 February
B. Ordinance No. 40/2023 of 17 February
C. Ordinance No40/1980 of 17 February

9) The resolution of the Council of Ministers 65/2007 of May 7th
A. establishes thetsategic guidelines for green public procureme@i3-2010
B. establishes the strategic guidelines for green public procurement 2050
C. None of the previouanswers isorrect.

10) National Waste Management Plan (2022020 and 2014020):

A. ltis an instrument bmacro planning of the waste policy establishthg strategic guidelines, of
national scope, of prevention and managementafste.

B. The Plan calls for a change in the current paradigm in terms of waste, consolidating waste
prevention and management aswaay to continue the life cycle of materials, coitsting an
essential step to return useful materials and energy to the econom

C. Both previous answers are true

4.11. Legislation on the production of construction and demolition waste: Romania
Romania does nobhave a dedicated CDW legislation. However, theisfiym of Environment is preparing a
Government Decision ProjecGDP) to estalish the legal framework for managing CDW, and to reduce the
environmental impact resulting from the construction works actaati

The body of the GDP is divided in six chagptsetting the general provisions, followed by specific provisions
on: wastemanagement from construction works, obligations and responsibilities, financial guarantee, penalties
and final provisions. The rimaobjective of the future GDP is to efficientlyamage CDW and to increase their
recovery and recycling rate, pursuing envineental and public health protection. The act refers to all wastes
covered by Law no. 50/1991 regarding the authorization of ettexwf the construction works and regulates

all aategories of waste from construction works, classified in accordance withCibvamission Decision
2014/955/EU.

The Project was not adopted yet, but some legal issues have been introducedim#rgencyOrdinance no.
74/2018for amending and completion dfaw no. 211/2011 regarding the waste regime of Law no. 249/2015
regarding tle management of packaging and packaging waste and the Government Emergency Ordinance no.
196/2005 regarding the Environmental Fuin force at 19.07.2018). According to art. lakggraph (3) the
holders on whose behalf building permits and/or demolitioarey issued, have the obligation to manage the
waste from construction and demolition, so as to progressively reach, until Dece3ib@020, according to
annexe 6, a level of pregpation for reuse, recycling and other material recovery operations, inajufiilimg
operations, backfilling, using waste to replace other materials, at least 70% by mass-lohzeodous waste

from constuction and demolition activities, except for timatural geological materials defined in category 17

05 04 from the annexe t€ommission Decision 2014/955/EU.
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Annual obligations to prepare for reuse, recycling and other recovery operations, includingllingck
operations using wastes to replace otheatarials, of nhorhazardous wastes from construction and demolition
activities, except natural geological materials as defined in category 17 05 04 of Commission Decision
2014/955/EU amending Decision 200BZBEC establishing a list of wastes under Direc#008/98/EC of the
European Parliament and the Council are sethgyProject: a) at least 70% of the amount of waste construction
and decommissioning activities in 2020, (b) at least 75% of the amouniasfe from construction and
decommissioning actities in 2020 and beyond.

Definition of construction and demolitiomvaste in Romania

The waste definition is introduced by thew 211/2011 regarding waste managemegmd is the same as the
definition as inthe WFD. The Norwegian Govern financed under RoameNorway Cooperation Program the
BuidelinesonCDW 09t hnfmo A dE Ll § REsE rgmEdstruchch, rdndvatish, rehabilitation,
repair, building, demolition of civil engineering, indigtrconstructions, structures, utilities, transpor
infrastructure and dredging and desalting activiile®

The amendients and completions brought by Directive 2018/851 / EU to the basic European act affect the
unitary character and concern most of the Law. 211/2011 on the waste regime, republished,thwi
subsequent amendments and completions, which ensured the trasiipo of Directive 2008/98 / EC. In this
regard, in order to ensure legislative stability, the law has been replaced by a new reguteeriment
Emergency Ordinance 92/2021). The neM®A Y I yOS RSTAYSR a2l adSa FNRBY O¢2
actiA G A Saé Fa ¢l aidsSa FTNRY O2yailiNuHzOGA2y |yR RSO2YYA
the DCD:

Article 13(6) Economigperators generating waste must take measures to:
a) reducing the volume of waste generated, in particular waste taatnot be prepared for reuse or
recycling;
b) reduction of waste generation in processes related to industrial production, mineral a@gtract
production, construction and decommissionitgking into account the best available techniques.
Art.17 (4)The holder of the construction / demolition authorization issued by the local, central public
administration authority or by the institutionsushorized to authorize the special construction fke
has the obligation to have a waste management plan fromstoction activities and / or
decommissioning, as appropriate, establishing sorting systems for wastes from construction and
decommissioning divities, at least for wood, mineral materiatoncrete, brick, ceramic wall and floor
tiles, stone, metal, glas plastic and gypsum for recycling / reuse on site, insofar as it is economically
feasible, does not affect the environment and constructiafesy, and to take measures to promote
selective @molition to enable the safe disposal and handling of hazardabstances to facilitate high
quality reuse and recycling by disposing of #f@zardous material.
Art.17 (7) The holders on whose behalf butgland / or demolition permits were issued accogl to
the provisions of Law no. 50/1991 on the authorizatiohtlee execution of construction works,
republished, with subsequent amendments and completions, have the obligation to manage the waste
from construction and decommissioning, so as to achieveval of readiness for reuse, recycling and
other material reovery operations, including waste filling operations for the replacement of other
materials, of at least 70% of the mass of Amazardous wastérom construction activities, and other
than natual geological materials as defined in category 17 05 04 ofAtmeex to the Commission
Decision of 18 December 2014 amending Decision 2000/532 / EC establishing a list of wastes under
Directive 2008/98 / E of the European Parliament and of the Council.
The art. (2) The owner of the waste, who performs constructiaiermolition works for which it is not
mandatory to issue a construction permit, according to the provisions of art. 11 of Law no. 50/1991,
republished, with subsequent amendments and completiphas the obligation to use the system
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organized by the locglublic administration authority from the administrativerritorial area in which

it has its domicile according to art. 17 para. (5) lit. m)

Art.49 Reporting (9) Holders on whose behalf constian and / or demolition permits have been
issued and producsrand holders of waste oils must report annually to the EPA, by 30 April of the year
following that for which they are reported, compliance .artL7 para. (7) and the measures adopted
accordirg to art. 31 para. (1).

(10) The NPA reports as backfill thesteareprocessing operation as a result of obtaining the materials
to be used for the filling operations and the quantity of waste used forfitheg operations and other
material recovery opetions, separated from the quantity of waste ready for reuseaxycled.

Annex 1.

Municipal waste does not include, inter alia, waste from construction and disposal activities.

Annex 3.

National policiesfor CDW in Romania

Waste Management Strategy (2@312020)came into force in January 2014 through tBecision no. 870 of
06/11/2013. It is the second National Waste Management Strategy adopted in Romania (the first one was
adopted in 2004). The Strateggts the national framework for waste managemendaaimsto lead Romania
G261 NRa || WNBOeOfAy3a a20ASGeéQ o0& HAHANOD

The main commitments of the Ministry of Environment and Climate Change in the field of waste prevention
and management are:

0 prioritizing the efbrts in the field of waste management in line witie waste hierarchy (prevention;

preparation for reuse; recycling; other recovery operations, for example, energy recovery; disposal);
0 development of measures to encourage the prevention of waste generatnl reuse, promoting the
sustainable use of reswoces;

0 increasing the recycling rate and improving the quality of the recycled materials, working with the
business sector and with the units and companies that use waste;

0 promoting the recovery of packagjrwaste, as well as the other categories of waste;

0 reducing the impact produced by the carbon generated by waste;

0 encouraging the generation of energy from waste for ienyclable waste;

0 organizing the database at national level and streamlining the rodniy process;

O AYLIX SYSydGlFdAzy iBRSF GG D2yyOSiLdia RFQ WKy (GKS gl aids

In order to improve the services to the population and the business sector the Strategy suggests:

0 encouraging green investments;

0 supporting initiativeshat allow citizens to reduce, reuse, recycle aacover waste from households;

0 collaboration with the authorities of the local public administration to increase the efficiency and
quality of the collected waste, making them easier to recycle and use;

0 collaboration with the authorities of the locg@lublicadministration and the business sector to improve

the systems of separate collection and treatment of waste.

The strategy makes specific comments regarding the CDW, as follows:

In recent years, due to theapid increase of the construction marké&®pmana is facing the problem of CDW
management. On the one hand, the existing constructions, to a large extent, have a poor physical state or no
longer meet the actual standards of the constructions (for exampleergy efficiency) or require repairs,
upgades,consolidations. At the same time, there is the tendency of local authorities to relocate the production
units outside the localities, and it is necessary to demolish the buildings they occupy. On théhatiuer
especially in the last 10 years, msitid investments (houses and villas) made this sector very dynamic. In the
flow of municipal waste the CDW is represented by:
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0 concrete waste, bricks, ceramic scrap;

0 wood, glass, plastic waste;

0 asphalt wastetar and tar products;

0 metal scrap;

0 excavation mategals (earth, stones, gravel);

0 waste insulating materials;

0 waste mixtures research and development (R&D) activities, etc.

CDW can be inert, nehazardous or contaminated with various hazardous substaridesrefore, a separate
collection is mandatory. ThEDW classified as hazardous may contain: asbestos, heavy metals, paints,
adhesives, treated wood, contaminated soil, PCBs materials. Although the quantities are small compared to the
total CDW, the generats (builders) must guy special measures for themanagement in a proper way
GAGK2dzi KIFENXAY3 GKS SY@ANBYYSY(d 2NJ GKS Llzof A0Qa KS

Thus, in the case of CDW, it can be observed that moving along the stages of the waste hierarchy (prevention,
reuse, regcling, other operatias of recovery and disposal)sing the Life Cycle Assessment (LCA) concept keys,
can lead to identifying the most efficient options (with the least impact on the environment and human health).

Opportunities for waste prevention appe throughout the lifecycle of a construction ademaolition project.

The design phase, for example, by choosing design materials and techniques, offers many opportunities for
reducing the environmental impact of both materials and waste. Waste preveinignventions can rang

from simple actions thatan take place osite, such as the introduction of gypstrardboard conveyors (to
reduce the number of boards destroyed), to the design stage by reducing the amount of gypsum needed.

Large amounts of wastare generated duringanstruction, renovation or dcommissioning of a structure
having a considerable impact on the environment. The use of alternative routes of management can lead to the
improvement of the environment and the reduction of costs. Thetstyg considers that its necessary to
implement measures aimed at applying the waste hierarchy for CDW.

National Waste Management Plan (PNGD)

In December 2017, following a big delay, Romania adopted its national waste management plan and waste
preventionprogramme, valid unki2025. These strategic daments do not include relevant investment efforts.
Some of the WMPs at county level at#dl under preparation.

The purpose of th@NGDs to develop a general framework appropriate to waste managemeratimal level

with minimal negative effects on thenvironment. The main objectives of the planning process were to
characterize the current situation in the field (quantities of waste generated and managed, existing facilities,
etc.), identifying the prolems that cause ineffient waste management andoplicable solutions, as well as
identifying investment needs in this sector. Thus, in order to characterize the existing situation in the field, the
data related to the period 2022014 were used, the progtion of waste quanties was made for the period
20152025, and the plan of measures covers the period 220035.

Chapter 11.11 makes a brief description of the situation of CDW before 2014.
The EU Environmental Implementation Review 2019 Country RegR@MANIA

The Country Rert (ROMANIA (2019) makessgnthesis of the current situation of waste management in
Romania. Even if there are no specific references to CDW, the conclusions of the chapter related to waste
management recommend some valuable pripactions.

WH n ™ dity dcitdils 2
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0 adopt and implement a work programme for waste to be overseen by a steering
committee/interministerial body that would better coordinate actions and provide the political buy
in that is currently missing;

0 urgently implemat a landfill tax andgradually increase it to dért recyclable waste from landfills;
0 ensure the closure and rehabilitation of substandard landfills;
0 improve and extend separate collection of waste, including fewiiste. Establish minimum service

standards for separate collection (e.g. frequency odllections, types of containers etc.) in
municipalities to ensure high capture rates of recyclable waste. Use the economic instruments, e.g.
pay-asyouthrow, and set mandatory recycling targets for munédifies, accompanied by penalties

for noncompliarce (e.g. fines).

0 develop and run implementation programmes for municipalities to help support efforts to organise
the separate collection and improve recycling performance.

0 improve the functioning of Exteed Produce Responsibility systems, in line withet general
YAYAYdzZY NBIdZANBYSyda 2y 9t wHndQ
Some of these recommendations were implemented in 2019.

Existing guidelines on CDW management in Romania
There are a few guidelines on CDW management availabietésested stakeholders.

Romanian Guidelines

O«

CDWmanagement in ROMANIA , Guidelines on CDW management (in Romanian), EPA Sibiu, NADC
Guidance to the temporary storage of dangerous waste from constructions and demolitions (including
contaminatedsoils), PIARE 2005/01% 553.03.03/04.05, Ministry of Envinment and Sustainable
Development, Romania,

O«

European Guidelines

6 European Commission (EC), 2018, Guidelines for the waste audits before demolition and renovation
works of buildings

0 EC, 2014, Comunicationon Resource Efficiency Opportunities in the BaidSector

0 EC, 2018, CDW Protocol and Guidelines

Applicable technical regulations

The natural aggregates that can be used in concrete and in construction works are subject to a series of technical
regulations and standards, as follows, without the listdogiimited here. The following standards are product
standards, which detail the physiealechanical and chemical conditions applicable to the aggregates for
different uses as well as a numberather requrements in terms of production and marketing.

Ox¢

SREN 12620 + Al: 200&ggregates for concrete;

SR EN 13242 + Al: 2008ggregates from unrelated or hydraulically linked materials for use in civil

engineering and road construction;

0 SR EN3043: 2003; SEN 13043: 2003/AC: 2064Aggregates for bituminaimixtures and surface
finishes, used in the construction of roads, airports and other traffic areas;

0 SR EN 13450: 2003; SR EN 13450: 2003/AC: Bafldst aggregates.

O«

The way of using thaggregates inement concrete is in accordance with the provisasf some mandatory

norms, such as NE 012/1: 20072, NE 012/2: 20103 and NE 014: 20024. A number of other regulations and
standards are also applicable and must be observed. The most impattaracteristis of the aggregates are
communicated to the benefiaries by declaring them in the CE conformity marking and in the EC Declaration
of Performance which, together with the Certificate of Conformity, are associated with each product sgparatel
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Existing prota@ols related to End of Waste (EoW) Status in redatto CDW/Quality criteria

in Romania.
Law no.211/2011, transposing Directive 2008/98/EC, addresses at Article 6, the End of waste status, for certain
types of waste, as follows:

(1) In cas certain categdes of waste have passed through an operationvided in annexe no. 3 and if they
meet the specific criteria established by the European Commission, they cease to be considered as waste, within
the meaning of this law.

(2) Waste that ceass to be consided waste, according to the provisions of par., (@d9ases to be considered

waste in order to achieve the recovery and recycling objectives provided by Government Decision no. 621/2005
regarding the management of packaging and packagingewas subsequdly amended and supplemented,
Government Decisiono. 2,406/2004 on the management of vehicles and-efitife vehicles, as subsequently
amended and supplenmed, Government Decision no.0B7/2010 regarding the waste of electrical and
eledronic equipment the Government Decision no.1B2/2008 regardingthe regime of batteries and
accumulators and waste batteries and accumulators, as subsequently amended and supplemented, as well as
other normative acts.

(3) In the absence of the criteriestablished at @nmunity level mentioned in par. (1), the centraiblic
authority for the protection of the environment can decide, by order of the minister, for each case, whether a
certain waste has ceased to be considered as such, based on studissirgsthe socidleconomic and
environmental impact, carried outybthis or any other authority/ institution at national or European level,
subject to the following conditions:

Ox¢

the substance or object is commonly used for the fulfilment of spegifiposes;

there is a meket or demand for the substance or object in gties;

the substance or object meets the technical requirements for the fulfilment of the specific purposes
and complies with the legislation and norms applicable to the products;

the use of the substance arbject will not have harmful effects on the enmiiment or the health of

the population.

O¢ O«

(4) The orders provided in par. (3) are notified to the Member States of the European Union and the European
Commission, according to the preions of the GovernmeriDecision no. 1.016/2004 regarding the measures

for the organization and realization of the exchange of information in the field of technical standards and
regulations, as well as the rules regarding the services of the informaticietg between Romaniand the
Member States of the European Union, adlvas the European Commission, as subsequently amended.

TheMethodology concerning the EoW status for particular CiWa S 2 R2f 23A L LINR JGAY R n

RSUSdz 692 #uzY RIS B Ntz LBMzNIRA RS ORFSEBMNMIN AR 4 4 eRSEEL® 2 NI 1
ENV/RO/000727, Biau.

The project VAIC&DWc Recovery of CDW in Buzau CountyFE10 ENV/RO/000727 developed a code of best
practices, concerning the separate collectidriree source of CDW, ama coherent decisiomaking process for
the CDW rmanagement system.

The project designed and implemented a web application to assure the market equilibrium between suppliers
and buyers of CDW aggregates resulting from C&D inertentasaitment.

Drivers tosustainable CDW management in Romania.
Under the'Btudy CDW management in Romafig G KS Ay GiSNWASG6SR adal{SKz2ftRS
address the existing obstacles, the following recommendations should be takeadcdoint:
0 increase of the landfitaxation system;
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0 existing of binding legislatig
0 development of infrastructure;
0 incentives for economic operators to choose recycled over natural aggregates.

National Waste Management Strated20142020). The main sustsble requirements for the CDWdustry
mentioned in the Strategy are:

0 strict sgparation of CDW from other waste categories;

6 removal of dangerous content;

0 controlling the actual composition of the waste at the place of generation, so that an inert and
substancefree material can be pruced and sent to the treatment facility withoutiridering the
recovery process;

0 CDW processing in sorting stations (recovery of various recyclable materials);

0 CDW processing technologies crushing, grading angdbdimg according to density mobile statis,
semimobile or stationary;

0 use the fine fradbn (840 mm) results for various construction works, in particular for the construction

of road infrastructure;

0 introduction of waste management requirements in thenstruction and demolition authorisatits,
the acquisition of mobile installations and-site installations for mechanical treatment of inert waste,
represent sustainable approaches.

Government Emergency Ordinance (GEO) no. 74/20H8 issued on 17 JuB018 for the amendment and
completion ofLaw no. 211/2011 regarding the waste regime, aflno. 249/2015 regarding packaging and
packaging waste management and of GEO no. 196/2005 regarding the Environmental Fund. The amendments
were drafted for aligningRomanian legislation with the Europearaste management legislation and of
implementing:

0 tKS WHabudi KNG Q SO2y2YAO0 AyadNHzySyidasx
6 GKS WSEGSYRSR LINPRdAzOSNI NBallyaAiroArAftAadeQ FyR
6 GKS WtlyRTALE GFEQO®

as well as establishing thresponsibilities of all the parties involved, including those changsulting from
promoting the circular economy phkage. To reflect in the circular economy package adopted by EU, a
WO2Y(UNROdzGAZY F2NJ 6KS OANDdzA | MeIiwgwe Ye Q KlFa o6SSy

N>

4.12. Evaluation

1) Indicate the correct sentence:
A. CDW is defined in the European List of Waste (EliNthe chapter with code 17 "Construction
and demolition waste"
B. Soil and stones not contaminated by hazardous substances are excluded from this list.
C. Soil and stones not contaminated by hazardous substace included from this list.

2) What happens withindustrial oils, and electronic equipment generated on a construction site?
A. They Must be managed in accordance with its specific legislation.
B. They arencluded in Low list chapter 17 and must be managethasest of CDW
C. None of previous questions are hig

3/ 2RSS damt nm nc F Ad NBFSNNBR (2 aSLINFYGS YAEGz
What does the asterisk mean?
A. Means thatthese wastes, which in themselves are not hazardous, @edror contain hazardous
wastes.
B. The asterisk mass nothing.
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C. Concrete and breaks are dangerous by themselves, with or without an asterisk.

Indicate the right sentence:

A. 1 002 NRA y 3 by2020, khe prepdriag foit rase, recycling and other materialo@very,
including backfilling operations using wado substitute other materials, of nemazardous
construction and demolition waste excluding naturally occurring material defined in category
05 04 in the list of waste shall be increased to a minine@i#0% by weight.

B. | 002 NRA Yy 3 byh2, ke prefabiri fodraise, recycling and other material recovery,
including backfilling operations using waste to substitute other materialdl sbancreased to a
minimum of 20% by weight.

C. According witlt C 5 Ry 2@60, the preparing for rese, recyclingnd other material recovery
shall be increased to a minimum of ZOby weight.

Indicate the right sentence:

A. Romania CDW legislation is Laav 211/2007

B. Romania does not have a dedicated CDW legislation.

C. The Ministry of Environment is preparing@overnmeri Decision Projec{GDP) to establish the
legal framework for managing CDW.

What kind of waste could be included in the Romanibagislation as CDW, apart from category 17 of
the LoW?

A. Wastes resulting frorthe dismantling of technological installations aaguipment.

B. Only Category 17 of the LoW can be included.

C. All types of Waste

Which are the Romanian guidelines on CDié&nagement?

A. Guidelines on CDW management (in Romanian), EPA, Sibiu, NADC

B. Guidance to theemporary storage of dangerous waste from constioias and demolitions
(including contaminated soils), PHARE 2005/%33.03.03/04.05, Ministry dEnvironment and
Sustainable Development, Romania.

C. None of the previous answers is right.

' VRSN (KB 2W{(VURESYSYyid Ay w2Yl ybbesxonsidérsd thaytal S NIJ A
address the existing obstacles, the following recommendations should Bestainto account:
A. increase of the landfill taxation system; existing of binding legislation; developnfient o
infrastructure; incentives for economic operasoto choose recycled over natural aggregates.
B. decrease of the landfill taxation system; development of infrastructimeentives for economic
operators to choose recycled over natural aggregates.
C. None ofthe previous answers is right.

Some of the main gstainable requirements for the CDW industry mentioned in the National Waste
Management Strategy (201:2020) are:

A. strict separation of CDW from other waste categories.

B. removal of dangerous content.

C. controlling the actual composition of the waste at the pdaof generation, so that an inert and
substancefree material can be produced and sent to the treatment facikithout hindering the
recovery process.

10) The National Waste Management Plan:

A. Was adoptedn December 2017, and it is valid until 2025.
B. Donot include relevant investment efforts.
C. Both previous answers are right
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4.13. Legislation on the production afonstruction and demolition waste: Spain
In SpainRoyal Decree 105/2008 of 1 February 2008 laging the production and management of constrocti
and demolition wastehereinafter RD 105/2008, establishes a legal regime for the production and manageme
of CDW. RD 105/2008 follows the basic principles set out in Law 22 /2011 on waste and coethisoila.

The following sections explain the kagpects of this law.

Definition of construction and demolition waste.
Construction and demolition waste is defined as:

" any substance or object which the holder discards or intends or is requireda@disd generated at a
construction and demolitiosite

Scope of application
The scope of application of RD 105/2008 is CDW, except for:

0 Soils not contaminated by hazards waste that are reused in the same or other works, which are
regulated by order A/107/2017.

0 Waste from construction and demolitioworks that are regulated by specific legislation, such as
packaging, asbestos, some hazardous waste, etc....

Definition of construction and demolition works.
Construction and demolition works are:

0 Construetion, rehabilitation, repair, alteration or demtbn of buildings and civil engineering works
such as roads, harbors, etc.

0 Works modifying the form osubstance of the soil or subsoil, such as excavation, injection, urban

development, or other similar arks.

Installations that provide an exclusive sieevto the works are also considered to be part of the works if
they are assembled and dismantled durthg execution of the works or at the end of the works. Examples
are: crushing installations; instdilans for the concrete manufacture, grave¢ment or soilcement;
precast concrete installations; installations for the manufacture of bituminous mixtures

Classification of CDW
For legal purposes, there are different classifications of waste,

- Accordingo the Waste European List
- According to their natte
- According to local regulations

According to their nature:
RD 105/2008 specifies in its definitions the concepheft wasteas:

Nonhazardous waste that does not undergo significant physical, chemicalbiological
transformations, is not soluble @ombustible, does not react physically, chemically or incaimgr
way, is not biodegradable, does not adversely affect other materials with which it comes into contact
in a way that could lead to contamitian of the environment or harm human health. Tioal
leachability, (...)shall not pose a risk to the quaditgurface water or groundwater.
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Inert waste. Source AGESMA. Guide to good practice in the management and treatment of construction atidndeasie. 2019.

Inert waste is stone, concretéijes, roof tiles and bricks, but not gypsum.

Non-hazardouswaste is waste that is neither hazardous nor inert, such as wood, metals, plastics and others.

Amianto Wood Stone

Residuos con Metals Bricks
legislacion especifica Plastics roof tiles
Others Concrete

Classification of demolition and constructioaste according to hazardousness

On construction ad demolition sites, the inert is the most voluminous fraction, which can reach between 60%
and 85% of the total waste, depending on the type of construction and/or demolition site. Inerthaiasiénigh
recycling potential to be transfaned into recycledggregates.

Institutional competences on CDW in Spain

In Spain, the Autonomous Communities (CCAA) are responsible for controlling the production and management
of CDW, but CDW from minor works, the managat of which (collection, transpt, and disposalis the
responsibility of local authorities.

Main players in the generation and management of CDW: responsibilities.
RD 105/2008 distinguishes four main actors in the waste generation and managementsptoegsoducer of
CDW, the holde the transporte and the manager.

Flowchart of actors involved in CDW management
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The waste producer

The "waste producer'isthe natural or legal person holding the planning permission for the construction site".
and, if no license is required, the owner of the properfyhe producer is the same as the developer of the
works, whether a public or private agent.

In addition to therequirements of the law 22/2011, the producer has the following obligations:

Before the work:

0 Commission a competent technician (designer) tavdup aStudy of Waste ManagemeniSWM) to
be included in the Project.
The SWM must contain tHellowing information:
o Anamount of waste estimate to be generated, coded according to the ELW (in tonnes3and
0 Measures to prevent the generation of CDWgite.
0 Measures for the selective separation of CDW. If it is not possible to separate on Sitest i
be foreseen that the separation will be carried out at the treatment plant.
o0 Planned waste recovery (ree and recycling) and disposal operations, indigathe location
of the CDW management plants closest to the site.
o0 Plans of the spaces and fi@es foreseen for the handling and waste storage on site.
0 Waste management cost estimate, which is parthe Project budget.

0 In works where demolition is feseen, such as refurbishments, renovations, etc. lrarentory of
hazardous wastdo be generatd must be drawn up, which will be included in the SWM. Likewise, the
removal and storage of hazardous wadth\() must be foreseen separately on the site, toidumixing
with other waste, and to ensure that it is sent to authorized HW managers.

0 Inthe case of works with a building permit, provide, where appropriate, a deposit or guarantee linked
to the buildingpermit, before starting the works.
After the Works:

Possess documentation confirming that the construction site CDW has been recowesid or delivered to a
recovery or disposal facility for treatment by an authorized waste manager. The documentaigirbe kept
for 5 years.

The Autonomous Commurigs may require the constitution of a deposit or a guarantee linked to the
municipal bulding permit, the purpose of which is to guarantee that the CDW will be managed correctly. The
waste producer recovershe deposit upon delivery of the documentation pwing that the waste has been
managed in accordance with the SWM.

The waste holder
Thewaste holderis the "natural or legal person who is in possession of CDW but is not a waste manager"

The holder of tle waste is the person who carries out the work &rad control over the waste, i.the builder,
subcontractors or selemployed workers put not the employees

In addition to the requirements of the waste law, the holder has the followings obligations:

Before the work:

~

0 Draw up and submit to the owner aleveloper aPlan of Waste Management (PWMbletailing how
waste management is to be carried out according to $tedy of Waste ManagementVhen there is

a main contractor and several subcontractors, iigsial for the main contractor to draw up the PWM
and take responsibility for all the wastéf there are several companies involved in the work, it is usual
for the designer or the project management to draw up the PWM and for the companies to adhere to
it. The PWM must be approved by the project managatrand accepted by the owner. The PWM it
will form part of the works contract.
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Prior notification of waste generation activities to the competent authorities.
Inform workers of the waste management proceds set out in the waste management plan to be
followed on site.

During the work:

o

O«

O¢ O«

Ox¢

Separatewaste on site into types of materials in accordance with what is established in the PWM. RD
105/2008 requires the separation of ndrazardous waste when the follomg quantities are exceeded:

Waste Weight (Tn)
Cacrete 80
Bricks, ceramic tiles 40
Metals 2
Wood 1
Glass 1
plastic 05
Paper and cardboard 05

If there is not enough space on site, separation may be carried out by a waste manager, in which case
the waste manager will be required to provide doamtation that this function habeen carried out.

Keep the waste in hygienic and safe conditions and avoid mixing the types of waste already separated.
Separate hazardous waste from rbazardous waste atsirce. Do not dilute or mix hazardous waste

with other wastes, substances, or maitels, whether hazardous or ndmazardous. If separation is not
technically feasible, all waste is considered hazardous.

Store, package, and label hazardous waste bdfeirgcollected and transported by a hazardous waste
manager, according to the appdicle regulations for each case.

Hand over waste that it will not manage itself to an authorized waste manager or enter into a voluntary
agreement or partnership agreementrfits management. The management of CDW will feltbe

waste hierarchy.

The wastadelivery must be evidenced by supporting documents, which contain information such as:
the identity of the developer, the producer and the manager, the CDW quantity, the dfpvaste

coded according to the LoW. If the mayea to whom the waste is delived is only going to collect,

store or transport the waste, the documents certifying the delivery must also state who will be the
manager who will carry out its recovery osgosal.

Bearing the costs of waste management.

61



RALAN Co-funded by the CONSTRUCTION
LR Erasmus+ Programme Demolition Waste
b of the European Union

ANEIOTI
CONSEJERIA DE MEDIO AMBIENTE,
VIVIENDA ¥ ORDENACION DEL TERRITORIO

Comunidad de Madrid

CERTIFICADO DE ENTREGA Y GESTION DE RESIDUOS DE CONSTRUCCION Y DEMOLICION (RCD)
{Articulos 4.1.c., 5.3, 5.7 ¥ T.e del R.D. 105/2008 y articulos 6 ¥ 10.2 de esta Orden)

1. IDENTIFICACION DE LA OBRA:
DENOMINACION:

DIRECCION:

M.° LICENCIA MUNICIPAL:

2. IDENTIFICACION DEL PRODUCTOR DEL R.C.D. (Art. 2.¢ del R.D. 105/2008):
NOMBRE O RAZON SOCIAL:

NIF/CIF:

DIRECCION:

3, IDENTIFICACION DEL POSEEDOR DEL RCD (Art. 2.f del R.D. 105/2008):
NOMBRE O RAZON SOCIAL:

NIF/CIF:

DIRECCION:

4. IDENTIFICACION DEL RESPONSABLE DE LA ENTREGA O TRANSPORTISTA DE LOS R.C.D.:

NOMBRE O RAZON SOCIAL:

N.° DE INSCRIPCION EN EL REGISTRO DE TRANSPORTISTAS DE RESIDUOS DE LA COMUNIDAD DE MADRID O EN
EL DE GESTORES DE RESIDUOS QUE CORRESPONDA (Art. 43 de la Ley 52003, de 20 de marzo, de Residuos de la
Comunidad de Madnd):

5. IDENTIFICACION DE LA INSTALACION DE GESTION DE R.C.D. A LA QUE SE LE HACE LA ENTREGA:
* TIPO DE GESTOR: {Cumplimentar la columna que corresponda al tipo de gestor en el gque se realiza la entrega):

EMPRESA AUTORIZADA POR LA
COMUNIDAD DE MADRID PARA EMPRESA AUTORIZADA POR LACOMUNIDAD GESTOR DE R.C.ID.
REALIZAR ACTIVIDADES DE DE MADRIEF PARA REALIZAR OTRAS AUTORIZADCG POR
VALORIZACION O ELIMINACION DE OPERACIONES DE GESTION DE RCD (2) OTRA CCAA (3).
R.C.D. (1)
M de autorizacion N dle autoreacion N" de aulorizacion

NOMBRE O RAZON SOCIAL:

NIF/CIF:

DIRECCION: )

DESCRIPCION DE LA ACTIVIDAD DE GESTION:

6. IDENTIFICACION DE LOS R.C.D. (la cantidad se expresara en toneladas —preferentemente- o en metros cubicos,

consigniandose ambas unidades cuando sea posible)

DESCRIPCION DEL RESIDUQ CODIGO LER TONELADAS '

7. COSTE UNITARIO (€/f) 6 (E/M7):
8. COSTE TOTAL (€):
FECHA:

EL GESTOR DE RCD
{Selks v firma)

9. SI LA ENTREGA DE LOS RCD SE HA EFECTUADO EN UNA INSTALACION DE GESTION AUTORIZADA PARA
REALIZAR OPERACIONES DISTINTAS A LA VALORIZACION O ELIMINACION: IDENTIFICACION DEL GESTOR
QUE VAYA A REALIZAR LAS OPERACIONES DE VALORIZACION O ELIMINACION SUBSIGUIENTES:

NOMBRE O RAZON SOCIAL:
NIF/CIF:

DIRECCION:

N2 AUTORIZACION DEL GESTOR:
DESCRIPCION DE LA ACTIVIDAD:

1- El listado de empresas autorizadas por la Comumidad de Madrid para realizar actividades de valonzacion o eliminacion de
RCD puede consultarse en la ndeina web del dreano competente en materia de medio ambiente de dicha Comunidad.

Model certificateexample of delivery of waste management of the Community of Madrid. Source: B.O.C.M. 186
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After the work:

0 Give the producer or developer the certificates and all the documentation prothiegwaste
management carried out. This documentatimust be kepfor a period of five years.

Project Site Management
The site management is made up of the project manager (architect) and the execution manager (technical
architect). It is contracted by thpromoter.

Obligations:

~

0 To Approve or reject th®lan of Waste Managemendubmitted by the contractor and, if approved,
submit it to the developer. The approval of the PWM is done by means of a document signed by all
parties ( site management, developand constructor).

Controlthe management of CDW aite.

Certify the recovery operations carried out on site.

¢ O«

The transporter
A transporter is any natural or legal person who collects or transports waste in a professional manner.

The requirements for shipents of waste and the trasporter obligations arset out in Royal Decree 180/2015
of 13 March 2015, which regulates the shipment of waste within the territory of the State.

Waste manager
The waste manager is any registered public or private entity caymyuit waste management tities, except
for those who only carry out transport.

0 To be authorized by the Autonomous Community to do this work (this excludes holders who are going
to recover CDW on the construction site where it was generated).

0 Issue ceificatesattesting to the management of the CDWeratved, specifying the producer and the
licence number.

0 Presorting of CDW, separating hazardous waste and other@DRV waste

0 Ifis not an hazardous waste (HW) manager it is obliged to:

0 Ifit detects HW ad other wastes mixed with HW before acceptancget them.

0 If it detects HP in sorting operations before treatment, separate them, store them appropriately and
refer them to HW managers.

0 To recover by recycling or other types of recovery all CDW thmabeareded.

Dealers and brokersnust comply withwhat they have declared in their notification of activities and with the
terms and conditions in the contract. They are obliged to ensure that they carry out the full treatment of the
waste they acquire ahto provide documentary evidence of this to theoglucer or original holder of the waste.

The Autonomous Communities publish a list of authorized waste managers and transporters on their websites.
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OBLIGATIONS OF THE PARTIES INVOLVED IN

MANAGEMENT:

BEFORE THE WOR

: OBLIGATIONS:

* Design products that minimize

: environmental impact. :
. Produce durable products that are -
. easily reusable or recyclable.

DEVELOPEI
(Producer)

. OBLIGATIONS:
RequesSWM fromthe developer
: ApprovePWM

Promote and approve means and

: actions for onsite recovery..

RESPONSIBILITIES: :
Drafting and signing a contract :
for the treatment of CDW.

WASTE
MANAGER

CDWConstruction and demolitiowaste

SITE MNAGER

64

SWM Study of Wastemanagement
PWM- plan of wastemanagement

CITY COUNCI

o
oON,

ARCHITECT

CONTRACTOR
(holder)

CONSTRUCTION

Demolition Waste

OBLIGATIONS
Stipulate a deposit and provide a building
permit. :

Check that the SWM is included in the works
project.

Draft municipal ordinances on CDW
management. :
Create criteria for public works tenders that :
guarantee the correct management of CDW;
reuse and the incorporation of recycled
materials in the works.

Create tax incentives for the correct :
management of CDW on site and after the
construction site. :

OBLIGATIONS:

Commission and include th8WM in
theProject .

Apply for a building permit from the Town
Hall. :
Assume costs of CDW management provide:d
for in the SWM :
Sign the contract for the treatment of CDW
(may delegate to the contractor).

GOOD PRACTICE

Request tharecyclable and recycled
materials be included in projects.

OBLIGATIONS:

Draft SWMor arrange for another

professional to do it and include it into the

project

GOOD PRACTICE :

Include recycled or recydie materials in the -
: Technical Project for construction and/or

demolition.

OBLIGATIONS: :
Develop the PWM on the basis of the SWM
GOOD PRACTICE .
Include an environmental management

I system

: Operator training
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OBLIGATIONS
Monitor and inspect the construction site
and CDW management processes.

CITY COUNCI . ;

MANAGEMENT:

DURING THE WORI

OBLIGATIONS OF THE PARTIES INVOLVED I\W

: OBLIGATIONS: :

: Regisér management documents with:

: the competent body of the AACC.  :

. Issue certificates attesting to the

: management of CDW. :
Issue hazardous waste monitoring and

OBLIGATIONS:

Control the documentation relating to the
- management of CDWs and
. Assume the foreseen costs.

* control documents. St
* Draw upchronological document of - CDW MANAGER DEVELOPEI
: waste streams and quantity. (Producer)
© OBLIGATIONS: :
: Manage CDVdccording to the PWM
: ----------------- - ------------------- - E (Separanon, Storage etc) :
OBLIGATIO'\_'S' o . Costing the costs of CDW management.
: Requestvaste identification document : Provide he developer with the certificates
: from the contractor and hand overto N . . accrediting the management of the CDW.
: the waste manager. : - H MENERE 0 aste stream identification document,
© Request management certificates from : L e ey
: the manager : ravlil AEmEmE .,
: ) o - : perators
: Apply for carrier registration for certain ; ® ® CONTRACTORsubcatractors must follow the PMW
Pweses ! TRANSPORTER tioiden)
. OBLIGATIONS:
. To monitor the management of CDW on site.
. Approve postble amendments to the PWM.

. : Certify the reuse of materials.
AACCAutonomousCommunity . Resolving unforeseen events.
CDWConstruction and demolitiowaste : Propose improvements.

SITE - Write final report, if appropriate.
SWMWastemanagemenstudy MANAGER : GOOD PRACTICE
PWMWastemanagemenplan : Proposeémprovements to management.
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. OBLIGATIONS

. Verify the documentation proving the

proper management of thevaste.

: Return the deposit, if applicable.

* Monitor, control and sanction, if
CITY COUBIL . appropriate.

CDW MANAGER : OBLIGATIONS:

. Present the documentation that accredits the -
: management of the CDW to recover the deposit. :

OBLIGATIONS OF THE PARTIES INVOLVED IN
MANAGEMENT:

AFTER THE WORK

: OBLIGATIONS: :
: Make regstered information available to :
. the public administration. .

w : Justify onsite changes to SWM. :

l . Keep the documentation of & management for :

: Syears. :

DEVELOPEI & :

© OBLIGATIONS: . EAEm
Deliver thedocumentation proving the L1 1

. management of the CDW to the I N .
: developer. : EEEEEA

Submit the corresponding construction

documentation CONTRACTOR 1
P (3o (o [=T§)

. OBLIGATIONS:

* Submit final wastenanagement report, where

: required. :
CDWConstruction and demolitiowaste : Keep documentation of CDW management for 5
SWMWastemanagemenstudy ADDRESS : yeas. :

FACULTY

CDW recovery activities

CDW recovery activities require prior authorization from the corresponding Autonomous Community (CCAA),
under the terms established by Law 22/2011.

The most common recovery activity is the transformatadrinert waste into recycled aggregates, due et
large volume of inert waste generated on construction sites. The recycled aggregates obtained, as well as the
rest of the recycled CDW products, must meet the technical and legal requirements fontkaitéd use.

Valorization activities can be carmdieut on-site or offsite.

On the construction site

The recovery of CDW on sitaust be in accordance with the stipulations of the Study of Waste Management
included in the works project and the site managmust always approve the means of recovery.

For on-site recovery operations, the Autonomous Community may exempt the contractor from requesting
administrative authorization, and set the types and quantities of-hamardous waste and the conditions under
which recovery is exempt from authorization. Hoxee they must be registered in the manner established by
the Autonomous Community.

Under no circumstances may human health and the environment be put at risk and the protection of the areas
must be consideed in accordance with the legislation in force.

66



RACA Co-funded by the CONSTRUCTION
LR Erasmus+ Programme Demolition Waste
b of the European Union

Use of inert waste in restoration, upgrading or backfilling works.
The use of inerlCDW in the restoration of degraded sites or refurbishment and backfiling works can be
considered as a recovery operatidgithe following conditions are met if:

a) The Autommous Community so declares it before starting the management operations.
b) If carried out by an authorized waste manager.
c) If this prevents the use of natural resources for this purpose.

Treatment plants
There are different types of installations related the treatment of CDW, these are:

Transfer plants:

These are facilities for the temporary storage of CDW that will later be treated or disposed of in facilities located
at great distances from the consttion site. Their function is to group waste anetluce transport costs.
Occasionally, triage operatisrcan be carried out in these plants.

Treatment plants:

These are facilities whose objective is to select, classify and recover different fractigpse®of CDW to obtain
products for direct use, dior other subsequent treatment of recovery or recygiin other facilities, and if the
previous options are not possible, for disposal in landfill.

To know more:
https://www.youtube.com/watch?v=JNVrwOC9Hxg
There are two types of treatment plants:

0 Fixed
0 Mobile

RCD MIXED

pv N

A4

| MFCHANICAI /MANLIAI SORTING |

! ! !

| RECOVERED M | | INERTS | REJECT
METAL GLASS WOOD PLASTICS SIEVING/SHREDDING

A 4 \ 4 \ 4 \ 4 v

EovoL
RECYCLED MATERIALS RECYCLED LANIDIAILL

SAI F

Diagram of the operation of a CDW treatment plant
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Disposal of CDW: authorized landfills

Landfills are facilities for the permanent deposit of CDW and must comply with the requiremieRisyal
Decree 646/2020 of 7 July, which regelsithe disposal of waste by landfill.

There are three types of landfill:

0 For hazardous waste
0 For nonrhazardous waste (not recyclable or recoverable)
0 Forinert waste

Producers or holders of waste are obligedprovide landfill operators with information otle types of waste
they deliver and on the prreatment to which the vaste has been subjected.

Landfills only accept préreated waste except in some cases of inert waste, if the authorities so deaiu,
in cases where treatment is not feasible.

Mixed waste always must go through a ptesatment plant, only the reject @rt goes to landfill.

Materials recycled from CDW in Spain

Recycled aggregates: applications and legislation

The harmonised Europeatandards established by the European Committ@eStandardisation (CEN) define
recycled aggregate ashé aggregate resulting from the processing of inorganic material previously used in
construction".

Recycled aggregates (RA) are classified in gragpsyding to the percentage of their componentsese are:
recycled concrete aggregates @R} recycled mizxd concrete aggregates (R#h) and mixed ceramic
aggregates (RMc),

recycled concrete mixed recycled concrete = mixed ceramic recycled
aggregates aggregates aggregates.
(ARH) ARMh ARMc

Concretenatural stone.  >90% >70% < 30%

Ceramic elements <10% <30% > 70%

Asphalt <5% <5% <5%

Improper <1% <1% <1%

Types of recycled aggregates. Percentages of its components.

Recycled aggregates can have mappligations, the main ones being:

0 Soils for the azation of embankments and fills.

0 Graded for granular bases for asphalt or concrete pavements.
0 Recycled sand for pipe beds.

0 Creation of new sortef concrete structural and norstructural.

The conditiongo be met by recycledggregates are:

- The producemust be an authorized waste for the recovery of CDW.

- They must have documentation corresponding to the CE marking. The CE marking of aggregates for
construction is a legally obligatory requirement by UNgifations. (For agggates and aggregates for
corcrete or gravekement).

- For materials where CE marking is not applicable, the following are required: a product data sheet, a
declaration of conformity of the producer and a certification of the factorgduction control by a
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Notified Body for CE markiraf aggregates for consiction accredited by the National Accreditation
Body (ENAC).

Depending on the use, ARs must meet certain requirements and technical specifications regarding their nature,
composition and granulometry, as determined in regulatiomslaechnical specificatits:

Embankments and fills:
General Technical Specifications for Road and Bridge Works (PG_3),

Road surface courses:

The UNEEN standards:

General Technical Specifications for Raad Bridge Works (R8&).

0 General Technical Spécations for RoadMaintenance Works (P&).

O¢ O«

Structural concrete

The Instruction on Structural Concrete (EH8B) establishes the quality requirements that recycled aggregates
must meet for use in concreterigin, treatment, size, mixing percentages, penage of impurity ontent, etc.
Annexes include the specifications to be met by recycled aggregates for structural assttunctral concrete.

Learn more:
The technical specifications for recycled aggregdbr each use can be consulted in the followpages:

Spanish guid to recycled aggregates from construction and demolition waste (c&Dw) GEAR project.

https://www. apabcn.cat/Documentacio/areatecnica/PDES RENARGAR3pdf

Guide forthe use of recycled aggregate and recommendations for its purchase. Aeice (Innovative Business
Grouping for Efficient Construction (AEICE)

https://www.caminoscastillayleon.es/wgontent/uploads/2018/12/Gu% C3%ABRCBValladolid2018.pdf

Other recoverable CDW.
Apart from aggregates, other types of CDW are highly recoverdlolet mixed with hazardous waste,

The products otained fromrecycling must comply with the conditions for CE marking.

Learn more:

In Spain, the Ministry of Environment published in 2002Catalogue of Waste Usable in Constructiotd

make public knovddge available on waste that can be used in carction activities if recycled. The catalogue

has been updated in electronic format and has different search options, such as type of waste or type of
application, autonomous community drprovince.

http://www.cedexmateriales.es/2/catalogale-residuos/

Catalogo de residuos utilizables en construccion

Elige uno v Elige una v Elige una v

Elige una ~ Q, Buscar
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709 oreewn | ocrovento | TS RESIDUOS UTILIZABLES EN CONSTRUCCION
INICIO  CATALOGO DE RESIDUOS  BUZON DE SUGERENCIAS

4

Residuos de construccion y demolicion

Origen

P

A L= g e

Image of the construction waste catalogue. Source: Cedew.cedexmaterialeses

The atalogue provides information on: the volumes etyclates produced and their distribution, as well as
the main destination applications, regulations governing them, works carried out, contact entities, etc.

On the other hand, the Depment of Environmety Planning and Housing of the Basque Country]iphed in
2018 a Guide for the use of recycled materials in constructigrihe document can be downloaded from the
following website:

https://www.euskadi.eus/documentacion/2018/guipara-el-uso-de-materiakesrecicladosen-
construccion/web01a2inguru/es/

The role of public administrations:
Green public procurement is one of the main drivers of CDW management, promoting waste reduction,
selective demolition, and the use of materials froecycling.

Law 9/20%, of 8 November, on Public Sector Contractspithes as an explicit objectivéio ensure that public
procurement is used as an instrument to implement European and national policies on social, environmental,
innovation and developmen'.

In Spain, thenew Green Public Procurement Plan for the per@il82025, adds as a condition in the
construction of office buildings the use of recycled concrete, and easily recoverable or reusable materials at the
end of their useful life. lalso maximizes the reusad recycling of CDW, as well as the use of tedymaterials

in the construction and maintenance of roads.

Basic regulations on safety, health and environmental risk prevention linked to CDW: basic

guidelines on site.
In Spainthe regulation which estblishes minimum health and safety provisionsdonstruction sites iRoyal
Decree 1627/1990f 24 October 1997.

RD 1627/1997 determines a series of safety requirements that must be considered during the execution of tasks
on the site and that involvehe agents that intervene in the same. The follogvilocuments and/or human
resources are required for the correct monitoring of safety on the site:

0 The Plan of Health and Safetg a document developed by the contractor detailing threventive
measures tde applied during the demolition works.
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0 The Cooréhator of Health and Safetjs the person who will be in charge of monitoring and controlling
the measures set out in the Safety Plan during the development of all demolition works until they are
completelyfinished.

Apart from what is established in tHéan of Health and Safetgnd in the specifi®lan of Waste Management

for each site, there are general risks that may occur due to the handling of waste are set out below, as well as
general preventive masures and environmental guidelines to be tak®o iaccount by workers whemandling

waste on the site.

In general, the workers must:
0 Be informed by the company of the CDW management procedures to be implemented on th

in accordance with the PWM.

0 Know the location and the container for collextistorage each type of wast the procedures for
handling it and the preventive measures.

0 Be informed about the hygiene measures to be taken on site during the working day, esp
activities involvinghe handling of different types of materials.

0 Usepersonal protective equipmédraccording to the instructions given to them by their superi
and keep it in perfect condition. To handle CDW they need:
0 protective gloves against mechanical aggressions watetals, glass, etc.) and chemic
agents (chenaals, plaster).
o Safety footwear with reinforced soles and toecaps.
o Respiratory protection equipment (to avoid inhaling dust and vapours of toxic sulestan
o Safety spectacles with full frame, for proteati@gainst particles (inert materials, metal
etc.) being ejected from the face and eyes,
0 Never mix hazardous waste with other types of waste.
0 Treat Nonhazardous waste contaminated by hazardous wasteazardous waste.
0 Ingeneral, asbestos, cfc, pcb¢etshould be collected by workers from specialisempanies.
0 immediately report incidents, such as doubts about the nature of waste or unexpected findir
the site manager.
Learn more:

Technical guide for the assessment and prevention of occupatiosks related to construction works.
https://www.insst.es/d@uments/94886/96076/g_obras.pdf/1d47a9uti57-4789-a8fcb9f2748200bf

Hazardous waste

On a construction site, hazardous waste (HW) can pose risks to the health of workers and the envirgioment.
control the risks, it is necessary to establighprocedure for the identification, handling and storage of
hazardous waste prior to its collectiday authorized waste managers.

Storage of hazardous products

Hazardous products or waste (HW) must bekaged and labelled in accordance with current degjons.
Under no circumstances may they be mixed with each other or with other types of wastdascds or
materials. The maximum storage time is six months.

The packaging of HW must be carried out@ea@dancewith Royal Decree 833/1988 of 20 July8®on toxic
and hazardous waste.

Hw should be deposited in specific containers for each type of waste. The containers or receptacles must be
resistant to ensure safe handling and their closures must g t@prevent liquid spillage or vapour leakage.
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A specific area on the site must be reserved for storage, suitably signposted, and access must be limited to
authorized personnel. The HP storage area must be protected from rain and solar radiation &ifededeto

prevent the formation of vapours. It shild also be away from elements that may cause additional risks, such
as electrical panels, compressors, electric pumps, etc. The floor should be impermeable, preferably made of
cement or concrete, and retant tothe physicechemical properties of thetgred waste.

Learn more:
In this web page there is information about how to manipulate common chemical products in construction sites

http:// productosjuimicos.lineaprevencion.com/

Manual PREn los trabajos con productos quimicos en la construccion.

http://productosquimi®s.lineaprevencion.com/uploads/documen6a26d510/Manual%20Productos%20Qu
%C3%ADMIic0s%202.pdf

Collection of hazardous waste
The collection of hazardous materials must be carried out by authorized collectors, in accordance with the
specific legiskion applicable to each of them.

Asbestos

Asbestods a material that was widely used in the 20th century for its properties as a thermal and acoustic
insulator. Today it can still be found in many elements of buildings from that era, such as: fibre ceafient
boards, pipes, water tanks, blankets diedts etc... .

It is currently banned from the market and is considered a hazardous waste, as inhalation of its fibres can cause
serious respiratory diseases.

Asbestos management must comply wRbyal Deree 396/2M06, of 31 March, which establishes thenmimum
health and safety provisions applicable to work with risk of exposure to asbestos.

The handling and removal of asbestmntaining waste must be carried out by authorized managers with RERA
(Regiser of Compnies with Asbestos Risk), except foe #xceptions established in RD 396/2006.

4.14. Evaluation

1) Indicate the correct sentence:
A. CDW is defined in the European List of Waste (ELW), in the chapter with code 17
"Construction and demolition waste"
B. Soiland stones not contaminated by hazardous substarere excluded from this list.
C. Soil and stones not contaminated by hazardous substances are included from this list.

2) The scope of application of RD 105/2008 is CDW, except for:
A. Soils not contaminated byazardous waste that are reused in the same or otlverks, which
are regulated byrder APM/107/2017.
B. Waste from construction and demolition works that are regulated by specific legislation, such
as packaging, asbestos, some hazardous waste, etc...
C. Both previous sentences are correct.
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3)

4)

5)

6)

)

8)

9)

Choose the correcsentence:

A. In Spain, thédutonomous Communities (CCAA) are responsible for controlling the production
and management of CDW, the management of minor works CDW (collection, transport, and
disposal) is the rgmnsibility of local authorities.

B. In Spain, the Atmnomous Communities (@@) are responsible r for controlling the
production and management of all CDW,

C. In Spain, the State is responsible to control all CDW.

Ly (G4KS O2yaiNUH2OGA2YETFABYRY aiKS 41 adS LINRPRdAzOS
A. The developer

B. The builder

C. The employees

IntheO2y a G NHzOGA 2y FASERXE aldKS ¢lFaitsS K2t RSNE Aay
A. The developer

B. The builder or contractor

C. The seHemployees.

D. The employees

What is a Plan of Waste Management (PWM)?

A LG A& I R20dzyYSy i RMH @& IBLIKIZY R SN0 iR( (KSE WY S
detailing how waste management is to be carried out according to the Study of Waste
Management.

B.LGO A& | R2O0dzYSyd RNI ¢ dzLJ ' yR &adzomYAdG o0& GKS

how waste management is toe carried out according to the Study ob¥le Maragement.
C. None of the previous answers are correct.

The waste manager is any registered public or private entity carrying out waste management

activities, except for those who only carry out transport.

A. No.

B. Yes, but with the Autonomous Community authorirati

C. Yes, excluding holders who are going to recover CDW on the construction site where it was
generated.

What are transfer plants?

A. facilities for the temporary storage of CDW
B. facilities for thepermanent sorage of CDW
C. facilities for the recycling storagg CDW

Landfills only accept préreated waste?

A. Yes, always.

B. Yes, except in some cases of inert waste, if the authorities so decide, and in cases where
treatment is not feasible.

C. No

10) Themain recycled aggrgates c applications are:

A. Saoils for the creationf embankments and fills.
B. Graded for granular bases for asphalt or concrete pavements.
C. Recycled sand for pipe beds.
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4.15. Practical approach
Learn more:

The following is @on-exhaustive list of hazardous was not included in Chapter 17 of the IER list Wwhich
may be frequently encountered on construction sites, and which must be managed according to their specific
regulations:

LER code Description

07 07 01*

08 0111* | Waste paint and varnish containimmgganic solvents and other hazardous substanésfto{er
paint and varnish residues)

13 02 05* ' Non-chlorinated minerabased mechanical transmission engine oils and lubricants.

13 07 03*  Other fuels (including bleis)

14 06 03* Other solvents and sodnit mixtures (norhalogenated solvents leftovers)

15 01 10* Packaging containing traces of, or contaminated by, hazardous substances

1501 11* Metal packaging, including empty pressure receptactesitaining a hazardous porous so
matrix

15 02 02* Camtaminated absorbents (rags)

16 01 07*  OQil filters

16 04 01* Ammunition waste

16 04 03* Other explosive residues

16 06 01* Lead batteries

16 03 03* Mercury-containing batteries.

20 01 21* Fluorescent tubes.

This classification is important and shdibe taken into account when determining the typemanagement to
be given to each type of waste.

https://www.youtube.com/watch?¥5hWGgefHZIE
https://www.youtube.com/watch?v=u\MRM4wXQY
https://www.youtube.com/watch?v=0L3|Rgqj3Fk
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and accumulators and waste batteries and accumulators, and 2012/19/EU de &lastrical and electronic equipment.
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December 2010

Portugal: Decreé.aw 73/2011from 17 June 2011 transposing the /By amending the Decrdeaw 178/2006 from 5
September 2006

Romania: Law no. 211/201h the waste regimgrepublished in 2014)

Spain: Law 22/20110f28fJ@ = 2y a2 aidsS yR O2yilYAYylFI{iSR az2Afab


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02008L0098-20180705
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National regulations and legislation for the management anduse of CDWrance

National policies for CDW management in France
- Act 2020105 (LOI n° 202005 du 10 évrier 2020 relative a la lutte contre le gasmleet a I'économie circulaire
- Law on enegy transition for green growth of 17 August 200LBino. 2015992relative a la Transitioknergétiquepour
la Croissanc&/erte)
- Law No. 201891 of 7 August 2015nthe New Territorial Organisation of the RepulfNtOTRe)
Existing guidelines on CDW maeanentin France
- a4/ 2YYAGYSyida F2N) ANBSyYy 3INRPgGKE
- DEMOCLES project
- REPAR project
Existing protocols related to End of Waste (EoW) Status in relation to CDW/Quditia.ani France.
- Law n° 202€L05 of February 12020
Drivers to sustainable CDW managarhin France
- a4/ 2YYAGYSyida FT2N) DNBSyYy DNRgiKE
Waste recovery in France.
- Environment Code
- ProgrammeAct 2006739 of 28th June 2006 concerning the sustainable manageofaadioactive materials and waste.

Greece
Laws on CDW management
- JointMinisterial Decision (JMD) 36259/1757/E103 of 261 Ministries of Economy, Competitiveness and Shipping
IYPANRBYYSyils 9ySNHe | yR [/ fAYL (Song déd pfaarmnuzy/Ter hdlaltérmatie G A G S WY
managemehof excavation, construét2 y YR RSY2f AdA2y 41 &GS 69/520Q0e
- Law2939 of 2001as amended and in force by the laws 3854/2010, sets the frame for the alternative management
(recove,ry,A recycling) of waste in€&ce, including excavation and demolition wastéjsh fall under the defiti A 2y 2 F W2 { K
gl aiunsSQo
- Law40300f201%b Sg sl & 2F AdadZAy3d odAfRAYI LBREBEPAAAZ yARDWI NB{ RSENR |
by the Decentralized Administratio
- Law40670f201®b Sg . dzAf RAYy 3 wS3AdzZA I A2y QX
- law42800f 20149 Y GANB Y YSy (i | £ dzLJ3 NI R AS/iskinablé Beveldpiiiess bf §eftlentant®d Fosedtlaw G A 2 v
NBIdzE I GA2ya YR 20KSNI LINRJAAAZ2Y A QIandpidessiog oSCDYWHN inadiive mides | G S &
and quarres by the certified systems of alternative CDW management.
- Circular of the Ministry of Environment, Energy and Climate Change no. 4834 of 25 January 2013

Definition of constructiorand demolitionwastein Greece.
- Joint Ministerial Decision (JMD) 3623967/E103 of 2010f Ministries of Economy, Competitiveness and Shipping

9YPANRYYSyils 9ySNHe yR /fAYF(OS / KFy3aS dzyRSNJ GKS

managementofexcatiz Y = O2y AU NHzOUAZ2Y YR RSY2fAGAZ2Y 6l &GS 69

National policies on CDW in Greece
- The National Waste Prevention Strategic Plan adopted in December 2014
- blbGAz2zylt 21aGS alyl3SySyd ttty ohFFAOALLE DFETSGGS ' Q mTnk

Existing guidelines on CDW nagenent
- Joint Ministerial Decision (JMD) 362598/7E103 of 201@f Ministries of Economy, Competitiveness and Shipping
IYPBANRYYSyils 9ySNHe |yR /fAYFGS / KIFy3S dzyRSNJ GKS GAGES Wy
management of excatiny O2y a G NHzOGA2Y | yR RSY2fAlA2Yy 61 aiGsS 0609/520Qd
- laly

National policies for CDW [taly
- Technical Reference Standards for building products provided for by DM 5.2.98

Existing guidelines on CDW managemeritaly

- Trento, 2011 with Resolution n.1333 24 June2011;

- Bolzano, 2016 with Provincial Guuil Resolution n. 1030 of 27 September 2016 and recently updated with Provincial Council
Resolution n. 398 of 11 Ap#iD17;

- Veneto, 2012 witfDecreto del Governo Regiond[2GR) Veneto no. 1773 of ABgust 2012 and DGRV n.1060 of 24
June2014;

- Lazio2012 with DGR Lazio no. 34 of 26 Jan2éx2;

- Liguria, 2015 with DGR Liguria no. 734 of 20 June 2015.

- Ministerial Decree 05/02/1998
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National protocols for EowW
- Law no. 128/20190J no. 257 of Novemb@, 2019)
- Regulation 22/2013 of 14 Februa2913
- Decree 69/2018, in force since 3 J218;

Drivers to sustainable CDW managemernitaty
- [Fd b2d HHMKHAMP Wt NROA&AAZ2YA 2y SYOBANBYYSyidlf YI (g8 NE&
dzaS 2F yl Gdz2NF £ NB&a2dzNDSaQ
- Code of Public Contrec(Legislative Decree 50/2016)

Portugal
Definition of construction and demolition waste in Portugal.
- DecreeLaw No. 46/200®&f March 12, is based on the definition set out in article 3 (gd@)exfreeLaw No. 178/2006 of
September 5, in the wording @m by Decred.aw No. 73/2011 of June 17

Legislation on the production of construction and demolition waBtertugal
- DecreeLaw No. 46/2008, of 12 March, amended by Dedraes No. 73/2011 of 17 de
- Ordinance 335/97 of 1&lay
- DecreeLaw No. 73/2011, 13une
- Ordinance No. 40/2014 of 17 Februavgs published, whichstablishes the rules for the correct removal of materials
containing asbestos
- DecreelLaw No. 46/2008, of 12 March
- General Wastdanagement Regne (RGGR)
- DecreeLaw No. 210/2009, of September 3

National policies for CDW Portugal
- DecreeLaw No. 46/2008 approving the regime of CDW management, of 12 March, amended by-Deeerle. 73/2011 of
17 June
- Law n° 202405 of February 12020
- TheNational Waste Management Plan for 202820(Resoltion of the Council of Ministers 1€/2015 of 16 March)
- DecreeLaw 178/2006 of 5 September(republished by Dedraer 73/2011 of 17 June)

Existing targets for CDW recyclind?ortugal
- DecreeLaw no. 73/P11 of 17 June(Article 7)
- DecreelLaw no.18/2008

Existing guidelines on CDW managemerRantugal
- DecreeLaw 73/2011 of 17 June
- DecreeLaw 58/2000 of 18 April

Existing protocols related to End of Waste (EoW) Statusatiorlto CDW/Quality criterien Portugal.
- The Decred.aw 73/2011 of 17 June

Drivers to sustainable CDW managemenPortugal
- DecreeLaw 46/2008f 12 March- Article 8, paragraphs 1 and 2
- Ordinance 40/2014f 17 February
- Green public procurement req@ments- supported by theesolution of the Council of Ministers 65/2007 May 7th
- National Waste Management PI&2011-2020 and 2014020)

Romania
National policies for CDW Romania
- Waste Management Strategy (202020)
- Decision no. 870 of 06/11/2013.
- National Waste Managemelan (PNGD)
- The EU Environmental Implementati®eview 2019 Country RepeROMANIA

Existing guidelines on CDW managemerRamania

- Law n°® 202a.05 of February 10, 2020

- CDW management iROMANIA ,Guidelines on CDW management (in Romanian)34, EBik85 NADC36

- Guidance to the temporary storagé dangerous waste from constructions and demolitions (including contaminated soils),
PHARE 2005/01¢553.03.03/04.05, Ministry of Environment andsEinable Development, Romania,

- SR EN 12620 + Al: 2008ggregatedor concrete;

- SREN 13242 + Al: 2008ggregates from unrelated or hydraulically linked materials for use in civil engineering and
road construction;
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SR EN 13043: 2003; SR1BR43: 2003/AC: 2004Aggregates for bituminous mixtures and fwe finishes, used in the
construction of roadsairports and other traffi@reas;
SR EN 13450: 2003; SR EN 13450: 2003/AC: Balldstaggregates.

Existing protocols related to Emd Waste (EoW) Status in relation to CDW/Quality criteril@omana.

Law no.211/2011

Government Decision no. 621/2680

Government Decision no. 1,037/2010

Government Decision no. 1,132/2008

TheMethodology concerning thEoWstatus forparticular CDW
LIFE10 ENV/RO/000727

LIFE10 ENV/RO/000727

Drivers to sustainable & management ifRomania.

W{GdzRe /52 YW¥IHEXSYrin Ay
National Waste Management Strate(®0142020)
Government Emergency Ordinance (GEO) no. 74/2018
Law no. 249/2015

GEQno. 196/2005

Law 22/2011, of 28 July, on waste and contaminated soil

Royal Decree 105/2008 of 1 February 2008 ratijud) the production and management of construction and demolition
waste.

Royal Decree 180/2015 of 13 March 2015

Royal Decre6€46/2020 of 7 July

Law 9/2017, of 8 November, on Public Sector Contracts

Royal Bcree 1627/1997 of 24 October 1997.

Royal Decree33/1988 of 20 July 1988 on toxic and hazardous waste.

Royal Decree 396/2006, of 31 March

European regulations and legislatiofor the management and reise of CDW and environmental registers
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Communicatiorfrom the Commission to the European Parliamehg Council, the European Economic and Social
committee and the Committee of the Regions on Resource Efficiency opportunities in the building sector /* COM/2014/0445
final

https://eur-lex.europa.eu/legatontent/en/T XT/?uri=CELEX%3A52014DC0445

COM/2015/0614. Closing the loop: an EU action plan for the circular economy
https://eur-lex.europa.eu/legatontent/EN/TXT/?uri=CELEX%3A52015DC0614

COM/2019/640 . The European Green Deal. https:/fexceuropa.eu/legal
content/ES/TXT/?qid=1588580774040&uri=CELEX%3A52019DC0640

QOM/2020/98. New Circular Economy Action Plan for a cleanermode competitive Européhttps://eur-
lex.europa.eu/legatontent/EN/TXT/?qid=1583933814386&uri=COM:2Q@3:FIN

Protocol on the management of construmti and demolition waste ithe EU https://ec.europa.eu/growth/content/eu
constructionrand-demolition-waste-protocol0_en

Guidelines for the waste aitd before demolition andenovation works of buildings
https://ec.europa.eu/docsroom/documents/31521

REGULATION (EC) No 1221/2009 OF THEPEAR PARLIAMENT AND OF THE COUNCIL of 25 Npdethberthe
voluntary paricipation by organisations in a Community aoanagement and audit scheme (EMAS) and repealing
Regulation (EC) No 761/2001 and Commission Decisions 2001/681/EC and 20061193¢E@€ur -
lex.europa.eu/eli/reg/2009/1221/20191-09

User guide containing the necessary steps to participate in EMAS according to Regulation (EC) No 1221/2009
https://eur -lex.europa.eu/eli/de/2017/2285/0j

EMAS Sectoral Reference Document for waste managers

https://eur-lex.europa.eu/eli/dec/2020/519/0j


https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A52014DC0445
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52015DC0614
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://ec.europa.eu/growth/content/eu-construction-and-demolition-waste-protocol-0_en
https://ec.europa.eu/growth/content/eu-construction-and-demolition-waste-protocol-0_en
https://ec.europa.eu/docsroom/documents/31521
https://eur-lex.europa.eu/eli/reg/2009/1221/2019-01-09
https://eur-lex.europa.eu/eli/reg/2009/1221/2019-01-09
https://eur-lex.europa.eu/eli/dec/2017/2285/oj
https://eur-lex.europa.eu/eli/dec/2020/519/oj
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Module 2. Waste management on site

5. Learning Urts Table:

Module 2: Waste

Management on site

Total Duration: 30 hours

CONSTRUCTION

Demolition Waste

Contact hours: 5 hours
Handson hours: 10 hours

Selfstudy hours: 10 hours

Learning Units Distribution

Assessment hours: 5 hours

Unit 1: The
properties of waste
and itsclassificatian

Contact hours:1h
Handson hours:2h
Selfstudy hours:2h
Assessment hours:
1h

Unit 2: Pre
demolition audit:
guantitative and

qualitative aspects of

inert waste

Contact hours1 h
Handson hours:2h
Selfstudy hours:2h

Assessment hours:

1h

Unit 3: Waste
management
planning on site

Contact hoursih
Handson hours:2h
Selfstudy hours:
2h

Assessment hours:

Unit 4: Onsite
compliance in the
management and

recycling of CDWaste

Contact hoursih
Handson hours2h
Selfstudy hours: 2h

Assesment hours: 1h

Unit 5: Selective
demolition and
CDWaste recovery

Contact hours:1h
Handson hours: 2h
Selfstudy hours:2h
Assessment hours:
1h

1h

6. The properties of waste and itslassification

Generl Description

Acquiring the necessary knowledtgeapply existing national regulations and requirements for carrying out activitig
related to waste management. To know the appropriate actions to be undertaken ocositerning, waste
identification, seurity measures and waste classification to sgtesivironmental criteria set by national regulations
GKS O2YLIlyeQa SYy@ANRYYSydGlf YIrylF3aSySyid Lilty FyR f
Learning Outcomes

Upon successful completion tife Unit, the learner should:

- Good knowledge of the different types of nesiials and their properties

Knowledge - Good knowledge of the different EWC codes to select CD Waste

- Good knowledge of material selection methods and/or techniques

- Ability to recognise building materials

Skills - Ability to foresee the possibility of reusing a material

- Ability to select materials and improve their disposal or reuse

- Improvement of technical skills

Competences - Improvement of organisational skills fon@ore effective selection and disposal of CD
Waste.

Delivery and Assessment

The unit will be assessed through:
9EI YAYLFGAZY

The unit will be deliveredhrough:
5Aa0dzaairzya

x Handson hNI £ SEFYAYlLGA2Y k SESNDAA
x Lessons t N22S 0O
etc.. x Written exercises / test

6.1.Introduction

On a construction site, you will need to pay careful attention to how youdwgipose of all of your waste
materials. Some construction waste can be recycled and others must be sent to the landfill. To do so, itis
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especially important to know how to idéfy the type of waste, their properties and characteristics.
Consequently tiwill enablethe disposabf your waste properly anthaximizethe construction cost saving
andbenefiting theenvironment.

6.2.Theoretical approach

6.2.1. TYPE OF MATERIALDANEIR PROPHERS

Concrete, . 00 T / ‘ \ :

/' bricks, tiles, \ £ \ /[ \ / Bituminous '\

mixtures, coal |
tar and tar

ement and |
ceramics

> oy & o

Common types of

construction waste

Metallic waste \ ) / Paintsand '\ / Adhesives and
(such as pipes) | ( 2dg :‘ varnishes | [ sealants

<>

The waste generated from the construction industry are for the maastt monbiodegradable and inert
materials. The CD wasi®classified in three main categorigaert waste, non-hazardous and inert wastand
hazardous waste

0 The inert wasteis waste wich is neither chemically nor biologically reactive and will not dgoose or

only very slowly. Examples: tiles, ceramics, clay, hardcore, bricks and concrete. They are most part of the
waste generated by the construction industry (about 70% of the totad to 90% for the public works).

This type of waste will not pose ar#atto the environment animals or human health and will not endanger

the quality of water courses. But regarding the large amount of quantity produced in the industry, it takes

a lot ofspace

They are mineral waste producedby the Constructlon acttwnylt should be mentioned that the plaster or
mineral or stone wool waste are not inert waste. The inert waste can be easily recycled into materials or
aggregates.

0 The norhazardous anchon-inert waste are noninert wastes that do not present any charagggics of
"hazardousness" (notoxic, norrcorrosive, norexplosive, etc). They are the second most produced waste
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by the industry representing about 25% of the totdlis a commorwaste of the companies. Examples:
packaging, wood, plastics, metal, ifsul A 2y YIF G SNA It SG0OX

This type of waste is identified by classification (CEW catalogue, European Waste Classification for
Statistics, others relevant national classification) and als@rdatg to their processing and treatment
applied after being reducedThese waste are made of materials which, after a potential pretreatment
and/or processing step, can be used as substitutes of raw material in a production cycle.

They arerecyclable waste and the trend is growing, with the emergence of new technologas, and

more materials become recyclable. Some of these wastes present an interest as combustible and are used
in energy valorisation branches. This waste is used in en@gyvery processes. It may be residual
household or industrial waste, after sep&acollections have been implemented, or sorting refusals,
which are rich in plastic materials.

The packaging materials must be sorted and directed to be recycled in sgcdnchesadapted for their
processing.

e

0 The hazardous wastés the wastefrom industrial activity that presentsa risk for human health or the
environment. They must be managed with specific processes regarding the regulations. They represent
about 3%of the total of the waste produced by the construction industry. Examples: Aezst,
FaoSaidz2as oFdGSNASEAY 2Af FyR FdzSfaszx LIAyda 2N fA
The management of hazardous materials is very much regulated by the law and all the steps are not
recommendations but obligations subjecting the owner of the waste to effectively manage thawoio

fines and environmental liability.

Hazardous waste must be sorted and stored differently to general waste, with a focus on safety and
security. All riskef contaminating other materials must lzevoided

dﬁ!‘f = "»_
Containers of hazardous materials

Label describing the hazardous material

The storage of hazardous required precseps:

- The storage location must be situated is@ecified part of the construction site with clear and explicit
signage. All stakeholders evolving on site must be aware of this.

- Special safety rules concerning this area must be clearly establishedniliated and displayed on the
construction site

- Allhazardous materials must be listed including their types, formats and quantities
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- The containers used for them must be adapted and secured to their characteristicexéiomle
containers in metal for coasive products...)

Due to the characteristics aritle risks involved by these materials (legal and physical risks), it is common and
even mandatory in certain cases to engage specialist contractors in the process.

The waste contractors are specialized amaialified companiesn hazardousmaterials managemnt and
transportation. Before engaging these contractors, the site management makes sure that they are licenced
contractors.

The follow up of the materials processing is based on transfer notes and seipolitating the amount and
categories of wastehe different stakeholders involveghdtheir destination.

Keep in mind:

- The hazardous materials must be indicated in a follpsheet and tracked throughout the different
steps of their disposal/treatmeramount, category, ...)

- Eachstakeholder participating in this process must be specified in the tracking sheet in order to
maintain the chain of accountability

- Make sure that the specialized contractors are qualified and licensed to dispose of hazardbels wa

Table of the 9 chemicaladety symbols Construction workers need to know

This pictogram indicates an oxidizing material one
that provides the oxygen other materials need to burn

If an oxidizing material gets too close to substancg
like some peraxides or nitrates, itcould cause those
substances to burst into flame or explode without ai
ignition source, like a spark or flame

This is the opibnal pictogram. It calls out chemicalg
that are toxic to the aquatic environment. Thesg
chemicals can run off into water systems, includin
rivers, lakes, ocean, streams and aquifers, killing |
contaminating aquatic life and making sources d

drinking water toxic

When a single exposure to a substance, or multip
exposureswithin 24 hours, can potentially make someont
sick or evencause death, that sustance gets this label.
Acutely toxic chemicals on a construction site can incluc
the solvents in paint thinners and degreasers. Mercury ar
lead are examples of substances that are chronic toxins
acute toxins.

The flame pictogram is used for flammable material:
including those that emit flammable gas and those that ca
ignite spontaneously. On a construction site, these cou
include fuel for vehicles and equipment

® &

Corrosive materials can causemage to theskin and
i eyes and anything else they come in contact witl
sometimes including metal. Battery acid is a corrosiy
agent that someone working on vehicles might com
in contact with, and construction crews could b
exposed to corrosive chemical like sulfuric or
hydrochloric acid while working in chemical plants g
other manufacturing operations that use these
substances

This is usually used to indicate an irritant (either ski
or lung) or skin sensitizer. Exposure to skiritants like
solvents, thinners and adhesivesan lead to contact
dermatitis, a skin condition characterized by rednes!
swelling and pain. Some mild corrosives are als
irritants

These chemicals may cause chronic and even fatal illnes
like cancer or respiratory diseasas well as birth defects.
Examples include benzidine (found in some paint dyes) ar
ethyleneimine (found in adhesives and binder)

@

Explosives, such as dynamite, get this pictogram. Sol
peroxide-containing solvents can also explode if handle
or stored incorrectly

&

under pressure are gases stored in a container at 29 |
or more and that are liquefied or liquefied and
refrigerated. Gases likeacetylene (used in welding)
can explode if heated

:: This pictogram indicates gas under pressure. Gag
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6.2.2. WHAT IS AN EWC CODE

The EWC is a list of waste types, established by the European Commission Decision 2000/532/EC, which
categorises wastes based on a combination of what they are, angrdeess or activity that produces them.

The EWC is divided into 2Bapters, most of which are industtyased, although some are based on materials
and processes. Individual waste types are assigneddigibxcode: the first two digits specify tlohapter, the
next two specify the subchapter, and the last two are sfetd the waste type.

All waste produced will have a corresponding EWC: it is a legal requirement that any waste produced that is
sent for recycling or disposal must be classifiedgisin EWC code.

Hazardous (special) wastes are signified by entries evtter sixdigit EWC code is marked by an asterisk (*).
Hazardous waste entries can also have a-KonT | NR2 dzd WYANNRBNI SyiNEQd ¢KSaS$s
list, butonewild S YI NJ SR 6AGK Fy FaAGSNR&] OfF 03I | WRIRMAAT 4&z0 & Al
for example:

17 05 03*Soil and stones containing hazardous substances
17 05 04 Soil and stones other than those mentioned in 17 05 03.

The EWC code is used in ttnacking process of the CD waste and particularly for the hazardoute et
required close attention due to their capability to generate serious damages to human health and environment.

Chapter Hazardous
12 34 56 *
SubChapter Individual entry

Material selection methods and/or techniques

Recovery Treatment

Type of Waste Reuse | Recycling Energy Incineratio Disposal

recovery n

Treated wood (paint@+ Ny A a KSRX X0

Tar and bituminous mixtures

Chipboard wood

Concrete, mortar additives
*recovered by certified collector

Asbestos

Concrete and mortar
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Untreated wood
Reuse of complet elements, reuse for formworkystems,
manufacture of boards, chipboards, sawdust or wood ¢

Recovery/reuse Satisfying process Process to be used in last resort Not a viable option

Figure 1 Possible process of the common wasdteeiconstruction site (abstract extracted from
https://www.guidebatimentdurable.brussels/fr/typde-dechetsde-chantier.htmI?IDC=8187

The bestvay to ensure that materials are not contaminated with hazardous waste is definitely to segregate

the waste in different dumpsters. A wellnanaged segregation of materials/waste including a proper follew

up and a good upstream preparation of the site stake2 f RSNR OAYF2NXIF A2y > (NI A
recycling/reuse process and the safety conditions e site.

There are several and numerous efficient best practices available on hazard waste management. These best
practices are in line with the legedquirements and obligations.

Both plain and mixed grades of CDW can contain pollutants, resulting ativeegnvironmental impacts during
storage or reuse. These pollutants are contained in construction materials due to their natural material
compositian, or following insertion during manufacture. Nevertheless, very few materials in demolition waste
are imvariably hazardous. The major pollutant sources in buildings have been identified through studies and are
shown in the following Table.

Origin Relevant Pollutants
Natural stone Heavy metals
Gypsum Sulphate, heavy metals

Easilybond asbestos fibre such agection-asbestos, bonded

asbestodfibre (cement panels, firprotection elements) A8k

Treated wood Heavy metals, lime, phenol, PCP
Plastics Phenol, CHx, organic components
Sealant PCB

Roofing felt, bitumen construction parts, coal tar contammoofing Phenol, CHx, PAH
Tech. installation (Transformers, paint coatings, capacitors;

Fluorescent lamps, switches Feis Intth G

Soot Heavymetals, PAH
Dust Heavy metals

Fire PAH, PCDD/PCDF
Accidents (use) Includes oil, alkalis, acid
Pipe constructias Lead

tf I 0Sa 6KSNB YAYSNIt 2Af /1 & Mineraloil CHs

Table 3: Major pollutant sources in buildimgterials. Source [6]

The composition of CDW is extremely heterogeneous (Table 3) and varies widely in regard to the thmmstruc
type. Regardless, for a selective demolition and dismantling the main waste streams, should be treated
separately, such adé inert waste (e.g. concrete, bricks, masonry, tiles and ceramics) that can demand for a
more selective demolition to accomgh the use of recycled materials in higher quality applications.

84


https://www.guidebatimentdurable.brussels/fr/type-de-dechets-de-chantier.html?IDC=8187

Co-funded by the
Erasmus+ Programme
of the European Union

Waste category
Concrete and masonry

Concrete
Masonry

Asphalt
Others (mineral)
Wood
Metal

Gypsum

Plastics

Miscellineous

Min-max range (%)
40c84
12c¢40
8¢54
4¢26

2¢9
2c4
0.2c4
0.2c0.4
0.1-2
2-36

Table 4: Composition of construction and demolition waste. Source: [18]

CONSTRUCTION

Demolition Waste

A higher level of selective demolition can be achieved by considering the manual dismantling of a wide range
of materials to enable C&D reuse. Some of the considerdthigaes are the stripping (before demolition) and
scavenging (after demolition). Goodamples for reuse include glass, marble fireplaces, precious woods such
as walnut and oak, traditional sanitary ware, central heating boilers, water heaters and rad@toMaterials

such agiypsumjnsulation foam, concrete, and mineral wool and glas®I| can also be considered for reuse or

recycling [19].

Removing doors by hand

hand

. N i
Removing insulation materials by Removing roofing materials by

hand

Table5: Selective demolition exampledapted from: [20]

6.2.3. CLASSIFICATION OMON THE EUROPEANTLOF WASTE.

Il OO2NRAY 3

g2

5ANBOGADS

construction and demolition activities.

69! 0

HMYKYpM Z

GO02y aiNWzOG A 2

in the Euroman List of Waste (LoW), in thkapter with code 17 Construction and demolition waste"This
in turn is subdivided into 9 suthapters or differentiated groups, these are:

LoW code
chapter
17 01

17 02

17 03

17 04

17 05

17 06

17 08

17 09

Description

concrete, bricks, tiles and ceramics
wood, glass and plastics
bituminous mixtures, tar and tar products
metals (including their alloys)
soil (including excavated material from contaminated sites), rocks and dredge spo
asbestoscontaining insulation materials anditdding materials
gypsumbased building materials

other construction and demolition waste
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Category 17 includes hazardous waste generated during construction and demolition activities:

LoWcode

17 01 06* separate mixtures or fractions of gorete, bricks, tiles anderamics containing
dangerous substances

17 02 04* Glass, plastic and wood containing or contaminated with hazardous substances

17 03 01* bituminous mixtures containing coal tar

17 03 03* Coal tar and tarry products

17 04 09* Metal waste contaminated ith hazardous substances

17 04 10* Cables containing petroleum, coal tar and other dangerous substances

17 05 03* Soil and stones containing hazardous substances

17 05 05* Dredging spoil containing dangerous substances

17 05 a* Railway traclballast containing dangerous substances

17 06 01* Asbestoscontaining insulation materials

17 06 03* other insulating materials consisting of or containing dangerous substances

17 08 01* Gypsumbased building materials contaminated witlazardous substeces

17 09 01* Construction and demolition wastes containing mercury

17 09 02* Polychlorinated biphenyls (PCB) containing construction and demolition wastes (e
PCRBcontaining sealants, P&@Bntaining resirbased floor covering$CBcontaining
sealed glazing units, P&€Bntaining capacitors)

17 09 03* Other construction and demolition wastes (including mixed wastes) containing
dangerous substances

Soil and stones not contaminated by hazardous substances are excluded from this list.

Waste generated on a construction site but regulated by specific legislation, such as packaging, industrial oils,
electronic equipment, tyres, etc., are not includedhe LoW Chapter 17. These wastes must be managed in
accordance with the relevant legiation and must be kept separate from other construction site CDW.

I O0O2 NRAY 3 g A Ky 20205hE prépaiifighoDrieuSe, neaycing é@nd other material recew,
including backfilling operations using waste to substitute other materials, oihAwazardous construction
and demolition waste excluding naturally occurring material defined in category 17 05 04 in the list of

w

waste shall be increased to a minimum 3@z o0& ¢SAIKGE

6.3.Practical Approach

CASE STUDY

CYBERTECH, a construction companyactsnyouas a wast@xpert. They are really concerned about the waste
management on site, particularly about the hazardous materials, and are expecting from you to manage this
issue. What will be your tips, recommendations and guidelines to successfiplate this task?

Sources, Further Information, additional readings Links, websites, videos (FR& EN)
A. Type of construction site waste (FRips:// www.quidebatimentduable.brussels/fr/typede-
dechetsde-chantier.htm|?IDC=8187
B. https://www.recyclingmagazine.com/2020/03/30/besgpracticesfor-constructiorwaste
management/
C. Types of waste (ENhttps://www.gov.uk/how-to-classifydifferent-typesof-waste
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Waste Framework Directive (EMJtps://ec.europa.eu/environment/waste/framework/list.htm
Construction Waste Management & Classification (ENs://engineeringcivil.org/articles/building
materials/constructioawastemanagementconstructiondemolitionrwaste-classification/

Guide for Hazardous materials storage (FR)s://multiprevention.org/wp-
content/uploads/2018/09/guidemultipreventionentreposageproduits-dangereux.pdf

6.4.Evaluation
Q/A test-10 questions oMultiple Choice (from 1 to 3 correct answers dependingl@question)

1)

2)

3)

4)

5)

6)

7)

8)

Doesinert waste posea threatto humanhealth?
Yes
B. No
C. Not on human but pose a threat on animal health

Non-hazardous and notinert waste are:
A.
B.

liquid waste

Hazardous waste presents a danger for

A. human health

B. environment and watercourse
animal health

Is theEWCcode alegal requirement?
A. Yes, for the waste tracking
B. No,
Not redly it is more aecommendation

In the EWC list, a material with an asterisk is a hazardous material
A. Yes

B. No

C. The asterisk indicated a subcategory

The flame pictogram is used for explosive materials?
A. Yes

B. No

C. This pictogram does not exist actually

The disp®al ofhazardous waste must be tracked according to the regulation
A. Yes

B. No

C. There are no specific regulations but guidelines in this view

The inert waste and the nofmazardous and inert waste can be mixed in the same skip

A. Yes

B. No

C. Possible if there is a spapeoblem on the site and will have to be segregated later in a second time.


https://ec.europa.eu/environment/waste/framework/list.htm
https://engineeringcivil.org/articles/building-materials/construction-waste-management-construction-demolition-waste-classification/
https://engineeringcivil.org/articles/building-materials/construction-waste-management-construction-demolition-waste-classification/
https://multiprevention.org/wp-content/uploads/2018/09/guide-multiprevention-entreposage-produits-dangereux.pdf
https://multiprevention.org/wp-content/uploads/2018/09/guide-multiprevention-entreposage-produits-dangereux.pdf
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9) The inert wasteis easily recycled into materials or aggregates?
A. Yes
B. Not really, it is really challenging.
C. Not at all, this type of waste must be disposed

10) The insulationmaterials made of asbestos are nemazardous and nofinert waste
A. Yes
B. No
C. It depends on the regulations

CONSTRUCTION

Demolition Waste
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7. PreDemolition Audit: quantitative and qualitative aspects of inert
waste

General Description

Acquiring the necessary knowledge to condupredemolition awdit to determine what can be reused, recycled or

recovered. The participants will be able to identify and assess the risks from hazardous waste and estimate thd

rate and recycling potential based on proposals for sorting systemsgitive demolitiorprocess.

Learning Outcomes

Upon successful completion of the Unit, the learner should:

- Good knowledge of techniques and methodologies for planning deconstruction activitieg

- Good knowledge of techniques to redugpetential waste disposal risks

Knowledge - Knowledge of techniques and methodologies for the control of recovered materials

- Good knowledge of the methods and practices of intervention in order to increase poterf
reusable materials and reduce the materials todemt to disposal

- Ability to estimate the materials present in the object in terms of volume and weight

- Ability to better organize CD Waste management operations

- Ability to identify and assess risks arising from hazardous waste

- Ability to identify the most suitable deconstruch methods

- demonstrating the implementation of best practices in waste management

- estimate the reuse rate angkcycling potential on the basis of proposals for sorting syster

Competences during the demolition process

- planning and managing demolition anelise activities in order to reduce environmental arf
health impacts, while providing important cost advantages

Delivery and Assessment

Skills

The unit will be delivered through: The unit will be assessed through:
5Aa0dzaaArz2ya 9EFYAYLIGAZ2Y
X Handson hN}tf SEIFYAYlLGA2Yy k SESNDA&SE
x Lessons t N22S O
etc.. X Written exercises / test

7.1.Introduction

The CD Waste i@onstruction industry represents the largest waste streantherEuropean Union. The inert
waste in this sector of activity is generally around 70% of the total waste projects and over 90% for the public
construction. However, regarding the characteristaf this material, there is a large potential of
recycling/rausing/recovering to be implemented in order to be in line with the Waste Framework Directive
2008/98/EC which established a target of 70% of CDW to be recycled by 2020.

Consequently, we will addss in this unit how to perform a Roemolition audit, a proess enabling to
enhance the CD waste management on a construction site including for recycling/reusing/recovering them.

7.2.Theoretical approach

7.2.1. MAIN DIFFERENCES\BEEN DEMOLITION ANECONSTRUCN

First, the objectivein demolition, the goal of the projéds to simplycrashdown a structure, building or
property. The deconstruction purpose is also to tear down the structure, however it aiss\tagevhatever
parts, components, or materials mde reused and/or recycled.

Then, the costsThe costs are flerentaccording to thenethod. In demolition they are based on the equipment
implemented to carry out the activity (excavators, backhoes and bobcats with breakers, ...) and the taxes for
the waste disposal. In deconstruction, as the goal is reusing eeskpring the demolished fragments, thest

control will be more efficient. Deconstruction requirpkanningthe activity and enales sellingmaterials to
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specialised buyers and/or reuse them whether directly on site or in other projects. Deconstrictontiier
than demolition.

Finally, theime frame On this aspect, demolition will be more efficient since it is only focused on tearing down
astructurep 5502y aidNHzOGA2Y oAttt GF1S Y2NB GAYS G2 o6S OF
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7.2.2.WHAT IS A PREEMOLTION AUDIT

The predemolition audit is an essential step in a CD Was
management on a construction site properly conducted.
demoliion or construction project well planned and manage
reduces environmental and health impacts, whiproviding
important cost benefits.

CONDUCTING A
PRE
DEMOLITION

The predemolition audit is an activity organized by the owner
the building or infrastructure resulting in the inw®ry of
materials and components arising from the future demolitio
deconstruction or rehabilitatin projects, and their managemen
and recovery options. Audits are essential since they enable
stakeholders involved to get information on the compasitiof

waste and make it easier to find markets for different was

types.

This audit has several dgsations: predemolition/renovation i R AT O
audit, predevelopment or preedevelopment audit, waste audit, {hir CEWR
environmental assessment of construction and demolitic

activities.

Most of the Member States of the European Union have alrec e e

RECOMMENDED FOR
established at least veryalsic mechanisms for pigemolition DECONSTRUCTION AND
audits. It can be underlined that auditing practidgashe EUare a»
different in each country and the specific rules asgitally
defined on the municipal level. In some states there is LOCATION OF THE WASTE

legislative obligation of CD was audit but legislative | RS
requirements for it are usually part of the permission fc
demolition or renovation of building/infrastructure.

Prior to demolitiorit is useful to categorize a site not only in ter OVE JUTIE TR WAt
0 ASSESS THE IMPURITIES

c

of the location of hazardous materials but algwe type and Q("REUJE THAT COULD BE PRESENT
condition of the structure and internal fixture and fittings. E
RED/LL

The predemolition audit allows professionals to assess the-nc
hazardous mateails that require removal from the structure an¢ i
: _ q e ) MATERIAL DEPENDING ON ITS
calculate their potential value. The aim is to faate and NATURE AND CONDITION
maximize recovery of materials and components from demoliti
or renovation of buildings for reuse and recycling purpos
without compromising the safety measures and practice
outlined in the European Demolition Protocol.

QUALITY ASSESSMENT OF WASTE

This Protocol is in lswith the Construction 2020 strategy and the ambitious Circular Economy Package
adopted by the European Commission. Its overall objectiveiisctease confidence in the CDW management
process and the trust in the quality of C&D recycled materials. Tdteddl expected results are:

- Improving waste identification, source separation and collection
- Improving waste processing

- Improving waste logists

- Developing Quality management

- Developingappropriate policy and frameworks conditions
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A predemolition auditconsists of two parts:

- Collecting information: identification, location, quantity and quality of all waste materials generated
during the demolion/ deconstruction/ rehabilitation project. This enablémvinga more precise
estimation of the materials osite anddeterminingwhich will be done further.

- Information collected provide information about:

Which materials are mandatory separated at smy in particular hazardous waste
Which materials are not eligible for reuse or recycling
How the waste will b managed and the recycling options

The audit is carried out by a qualified expert with good knowledge about construction matésizisjques
and the business of the construction industry. Indeed, his/her expertise will determine the destination of the
SEOF@IGSR YIFIGSNRALFtaYy NBdzaS: NBXOeldftAyasr aSttAay3das RA

Hence it is important that this expert has the proper knowledge/skillanfément an efficient audit which will
be a profitable operation if managed. He/she needs to be familiar with demoligchriques and waste
treatment and processing but also with the (local) markets.

The audit needs a waste management plan. In the faligwnodule, 2.3 Waste Management planning on site,
a detailed stepoy-step process of waste management plan is developgeghows how it is crucial that
demolition activities must be carried out according to a plan.

It is recommended that the whole procgshould be monitored by a local authority or by an independent third

LI NI & o66FaiGS YIFyl3SYSyid wil eifadertb ferhdn&Rthe Gndnitafimgl pibde8sNJ X
particularly checking how were proceed rogcyclable andeusablematerials, the compance with regulations
OGNI yAaLRNIF(GA2YY OSNIATAOFGAZ2YS fAOSYyOSzXox aasSaa

Conducting a pe-demolition audit
Participants involved in the waste audit:

- The property owner is responsible for appointing an auditordevelop a waste audit for the
identification and classification of waste
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The authority issues demolition or renovation permits ahduld establish mechanisms to ensure that
waste audits are performed including a quality check system and recommendatiosisieed;

The auditor is responsible for the waste audit

The contractor is responsible for demolition/deconstruction/renovatioreigtions defined in the
contract with the owner.

The waste manager is responsible for the appropriate management and digfdsalwaste received
from the waste holder or producer.

The products manufacturer may contribute to the waste audit providingtgwis and/or requirements
for the reused/recycled materials and components.

The waste audit consists of documentation resdgma field survey, condition evaluation, and recommendations
for the material.

1. Document search:

This is the first part of the audilt aims:

To provide a first estimation about the materials, their quantities and possible hazardous nature
Toprovide indication on the building or infrastructure

Toinvestigate thebuilding and its surrounding (practices during its construction, aceeasagement
facilities...)

The document search includes the administrative data (address, name of the ownaudiokr, expected
a0GFNI 2F GKS RSY2fAUGA2YZT SGOX0X (GKS RSAONARLIIAZY

2. Field survey

Thesecond part of the audit is the field survey. Its aim is:

To verify and update the information obtained in theadmnentation search

To obtain indications of hazard scenarios and exposure of the building materials and components
To determine the current catition of the building and its materials

To identify and indicate the reusable components

To collecimaterials for sampling

If the presence of hazardous materials is suspected, worker protection measures shall be applied during
the field survey. A surveynohazardous waste shall be applied to ensure the quality management and
eliminate contamination risks

Seeking hazard materials presence as asbestos has to be the focus of the field survey. An inventory of the
materials is performed. The quality of the meatl is also evaluated during this process.

3. Inventory and reporting

The final report of thewudit is prepared and signed by the auditor to validate the accuracy of the content. The
report includes the information, the objective, the survey plan i.ettadl data, information, documentation
concerned by the survey.

4. Quality assessment

The gquality 6the predemolition audit dependsn the expertiseand skills of the auditor and traceability of the
information provided by the waste declaration.
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Requirementdor the waste holder: the waste holder can perform the audit although it is recommended to
hawe an independentuditor for the hazardous material and that the waste holder is responsible for the
knowledge of amount and nature of the produced waste.

Requiements for the auditor: the auditor shall have sufficient knowledge, skills and experiendentfy
hazardous materials and fulfil the legal requirements for the-geeenolition audit. It is recommended that the
auditor is independent in all demolitiodgconstruction, renovation projects so the audit results are not biased.

5. Traceability of the iflormation
The assessment of the audit shall be performed in three stages:

-Stagel: Initial assessment during the waste audit

-Stage 2: Monitoring after and dugnworks (including decontamination and removal of hazardous wastes, on
site management, compa®n between the objectives set and the current amount of waste performed. *

- Stage 3: Verification of the affite management and disposal process considerioigonly the amount but
also the type of waste management performed.

7.2.3. WASTE MANAGEMENT RIMBIENDAIONS & REPORTING

Moving forward to the actual auditing report, this is produced following a number of different processes, such
as desk study and field surveang@lysed in the next section). Via these procedures, the auditor is in the position
to identify material sorting operations highlighting recycling and recovery procedures and that may involve the
storage, handling, and separation criteria linked to therallavaste management of the infrastructure.

In addition, the report assists the auditor to meed to reuse planning which involves the inspection, washing
or repair of waste products for recovery operations. Waste, goods or commaodity parts could beeobitgi an
external operator so that they can be reused.

However, some issued to be addressed:ar

Suggested methodology regarding the removal of toxic waste

Health and safety procedures for all staff

Identification of possible diversion of waste from sordefined waste sources (reuse, recycle,
backfilling, recovery and removal of energy)

eee

Furthermore, the findings in the inventory of materials might differ from the estimated amount during the desk
study (as we will also address in the next section).

Actud amount of CDW was different compared to the estimated amount for soil and stones (less by 2.5 t),
mixtures of concrete, bricks, tiles, and ceramics (more by 10 t), and mixed construction and demaisites
(more by 0.5 t). The comparison proved togdignificant to field surveys when the building was inventoried on
many occasions in a destructive manner. All analysed items werbaperdous inert waste material. A suitable
method of this CDW managient is recycling.

Summarizing the referred procedweand before proceeding to further analysis of the steps, the following
Figure presents an overview of the steps to be followed for an effectiveeneolition audit.
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BUILDING DOCUMENTATION: information about
building; information about construction
materiols and dangerous substances; information
ORIGINAL BURINNG about originated COW amount
DOCUMENTATION

DESK STUDY R EANCE PROTOCOMS MAINTENANCE PROTOCOLS: information about
G building renovation history

WASTE IDENTIFICATION,
FIELD SURVEY MEASUREMENTS, SAMPLING AND

ANALYSIS
building and construction site visits, determination

of the actual amount of material, photos,

WASTE CLASSIFICATION interview, COW sampling and analysis

INVENTORY AND QUANTITY ESTIMATION
total amount of construction materials and
orlginated COW, total amount of different types of
construction material and different types of COW

o
O
=
<
«
]
v)
<
E
-
<<
2
o

MANAGEMENT LEGAL, HEALTH&SAFETY

RECOMMENDATIONS AND OTHER
recommended type of outlet for each COW stream,

recommended way of COW recover

final reporting, building description, waste audit
REPORTING participants, identification of renovation and
demolition work, COW identification

Figure 2: Scheme of tleenstruction and demolition waste audit stepSource: [2]

Reommendations
The waste audit can be completed with recommendations on how to perform waste management on site.

Recommended template for inventory of materials

Type of Material Waste Code (EW( Location | Quantity | Unit Obsevations or
material Identification and EURAL) other information

Summary table
Building Type of Material Waste Code Quantity Units | Total quantity

material Identification | (EWC and EURA
Inert waste

Nonrinert,
non-
hazardous
waste

Hazardous
wade
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O9EGNI OGSR FTNRY 4DdzARSt Ay Sa F2NJ GKS 61 4GS tdzRAGE o
others recommended templates are provided in this document availablecaturopa.ey

7.3.Practical Approach

Ca® Study
AQVIE, a construction company, has to carry out a demolition activity for its future construction project. As an
expert, the company management hires you to conduct a waste audit.

Identify and explain each relevant step to properly perform thegeenolitionaudit. Which tips and
recommendations would you provide to the company?

Sources, Further Information, additional readings Links, websites, videos (FR& EN)

- Guidelines for the waste audits before demolition and renovation works of building (EN)
https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=&ved=2ahUKEwiw7ev778 UuA
hWRA2MBHfoHCsOQFjAAegQIARAC&uUrl=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocumen
%2F31521%2Fattachments%2F1%2Ftranslations%2Fen%2Fraeftoative&usg=A0OvVaw?2tvcn
NTCNiJ8kmSadDd6k

- French Construction Federation website including good practices, manuals,... (FR)
https://www.ffbatiment.fr/federation-francaisedu-batiment/le-batiment-et-vous/construction
durabldla-gestiondesdechetsde-chantier.html

- Construction site management (FRYp://www.paca.developpemert
durable.gouv.fr/IMG/pdf/F09314P023@nnnexe_charte clelalee9.pdf

- Best practice guide to improving waste management on construction sites:
https://www.zerowastescotland.org.uk/sites/default/files/Improving%20waste%20management%20
on%20construddn%20site%20%E2%80%93%20best%20practice%20quide 0.pdf

- Analysis of Best practices to prevent and manage the waste generateddmB Rehabilitation
Works (EN):
https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=&ved=2ahUKEwibv9fur9DuAh
UM8hoKHe5yBcwQFjARegQIKBAC&tids#03A%2F%2Fwww.mdpi.com%2F2071
1050%2F11%2F10%2F2796%2Fpdf&usg=A0vVaw0 ulLzxL2baMnbQxBUc7c6r

- https://cris.vtt.fi/ws/portalfiles/portal/27438769/EIT_RM PARADE Predemolition_audit_overall_gui
dance document Final 2019.pdf

7.4.Evaluation
Q/Atest-10 questions of Multiple Choice (from 1 to 3 correct answers depending on the question)

1) Deconstruction is?

B. the same process than the demolition process
C. a method that facilitates the reuse and recygjiof materials

2) Compared to demolition, deconstruction
A.
B.
C. is caostlier

3) Predemolition audit is an essential step in the CD waste management
A. Yes

96


about:blank
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiw7ev778_uAhWRA2MBHfoHCs0QFjAAegQIARAC&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F31521%2Fattachments%2F1%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw2tvcn_NTCNiJ8kmSadDd6k
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiw7ev778_uAhWRA2MBHfoHCs0QFjAAegQIARAC&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F31521%2Fattachments%2F1%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw2tvcn_NTCNiJ8kmSadDd6k
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiw7ev778_uAhWRA2MBHfoHCs0QFjAAegQIARAC&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F31521%2Fattachments%2F1%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw2tvcn_NTCNiJ8kmSadDd6k
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwiw7ev778_uAhWRA2MBHfoHCs0QFjAAegQIARAC&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F31521%2Fattachments%2F1%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw2tvcn_NTCNiJ8kmSadDd6k
https://www.ffbatiment.fr/federation-francaise-du-batiment/le-batiment-et-vous/construction-durable/la-gestion-des-dechets-de-chantier.html
https://www.ffbatiment.fr/federation-francaise-du-batiment/le-batiment-et-vous/construction-durable/la-gestion-des-dechets-de-chantier.html
http://www.paca.developpement-durable.gouv.fr/IMG/pdf/F09314P0237_annnexe_charte_cle1a1ee9.pdf
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https://cris.vtt.fi/ws/portalfiles/portal/27438769/EIT_RM_PARADE_Predemolition_audit_overall_guidance_document_Final_2019.pdf
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B. No, because it is optional
No, because iloes not deal with CD waste management

4) Does te predemolition auditallow you to assess which nehazardous materials are reusable?
A. Yes
B. No
No, it only allows the identification of hazardous waste

5) The salvageability of building materials ®nsidered in
A. Demoalition projects
B. Deconstruction projects
C. Neither one nor the other

6) Itis recommended to have an independent auditor for the hadaus waste
A. Yes
B. No, the owner can conduct the audit whatever the conditions
C. No, itis an obligatiomhatever the conditions

7) The predemolition audit helps you organise your project efficiently
A. Yes
B. No, itis only a final assessment
C. No, itis conducted onlgt the end of the project

8) The predemolition audit is applied homogeneously in the Eduntries
A. Yes
B. No, even its appellation is different
C. No, but there are at least measures that intend to have the same objective idgm®lition audit

9) The quality of he pre-demolition audit depends on the skills and experience of the auditor
A. Yes
B. Not only, but the traceability of the information also provided in the waste declaration must be
taken into account
C. Not at all.

10) It is recommended to include recommendatiora the end of the predemolition audit
A. Yes
B. Itis optional
C. Not at all
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8. Waste management planning on site

General Description

Acquiring, starting from the results of the pdemolition audit, the necessary knowledge to identify and plan the
appropriate denolition techniques and procedures (selective demolition, strip out, etc.) and the specific technical
options identified for tle individual types of waste. Planning special treatments in the case of hazardous waste. P
recycling for materials capabtd offering performance equivalent to a new material onceprecessed. Planning landfi
for materials that cannot be reuseaither in their original use or after treatment.

Learning Outcomes

Upon successful completion of the Unit, the learner should:

- Good knowledge of demolition procedures

- Good knowledge of demolition techniques

- Good knowledge of thelanning of CD Waste recycling and treatment operations

Knowledge

- Ability to apply demolition procedures

- Ability to plan procedures for transpiing non-reusable or hazardous materials to
Skills landfills

- Ability to plan all recycling and treatmeaperations of reusable materials

- Improvement of technical skills for recycling operations
Competences - Improvement of material transport management competen
- Improvement of technical skills for demolition operations
Delivery and Assessment

The unitwill be delivered through: The unit will be assessed through:
i Discussions A Examination
'H Handson ‘H Oral examination / exercises
'H Lessons N Project

‘H Written exercises / test

8.1.Introduction

A waste management planning is an operat@mabling to anticipate the quantity of wassgenerated during a
construction/demolition project to forecast the interventions to be carried out over the lifetime of the worksite.
This process is essential on site as it deals with economic aspects ytast is wider regarding its social and
environmental effects. Indeed, through the application of a proper waste management plan several benefits
emerge from it and impact not only the stakeholders of the construction/demolition project (costs contrel, tim
cutting, enhancing of the corporate brRi> X0 odzi Ffaz2z GKS &a20ASie Ay
SYLX 28YS8Syizx X0

8.2.Theoretical approach

Role and responsibility of the different stakeholders in the waste management planning

First, each main actor ofanstruction/demolition project has a reto play in the waste management planning.

It is essential to clarify everyone's role and responsibility so that the chain of accountability is not broken by the
number of actors who do not take on the tasks fdrigh they should be responsible.

The contacting authority encourages smooth waste management and prevention. Its requirements on waste
management and prevention must be clearly expressed to other construction site actors. To do so, the
contracting authoiy must consider the specificities of tle®nstruction site and anticipates the amount and
type of waste generated on site. Consequently, it has to ensure to the Project manager and the involved
businesses the means to implement, to monitor and to follgwtlee politics set upstream (waste segréga,
YFEGSNAFEfA ad2NF3IST X0 Ay 2NRSNI G2 2LWGAYAT S (GKS 61 a
management policy on site by selecting the Project manager and the companies according talityeofjthe
response to the call for terats and the relevance to its demands.
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The Project manageensures that the contracting authority requirements are applied on site. It should be
responsible for the site organisation through a delegation from th&trawting authority. It should implement

a training of the businesses staff involved in the project on the waste management and prevention and
empower them about the waste they generated and make them responsible for their evacuation.

The businessanustcomply with regulations in force. They rie be aware of the risk they face when burning,
burying, or dumping waste into the environment. The companies' staff are the key players in the waste
management process. Being the physical actors of this, thitpevihe only ones to translate these poés and
guidelines into concrete actions. They must be aware of the waste segregation and all the good practices
implemented on site. It is important to demonstrate to them that they could benefit from this hatthis is

not a waste of time.

Waste management Construction Solutiarigtps://www.youtube.com/watch?v=XwStGAWbs
How to manage Waste on a Construction sitétps://www.youtube.com/watch?v=w_8ByOwjp2U&t=278s

Contracting Authority Project manager

Construction company

Upstreamof the
site
Monitors the smooth Implerner?ts irs .
organization (sorting,
progress of work .
On site £ " waste evacuation and
nsur_est_ e waste follow-up)
Is involved in the good coordination
results as well as in the
roject drifts SISt 7
proj implementation of the
work by itssubcontractors
Asks for a balance sheet Monitors the conformity of t NEJARSE | asg
Downstream of GKS a6l adsS ol AKSSh¢
the site Data capitalization
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8.3.Planning the material collection, processing

The construction waste management system in any construction company is the set of internal procedures
which staff must follow tananagethe waste produced on every site, in accordance with company policy. The
Construction waste management System, once neglected and even seen as a waste of time, Is now a central
part of doing business for construction firms. Planning, and in partitisdiag a site waste management plan,
allows to forecast the waste and to anticipate that it will pp@ducedand the materials needed to complete

the project. It also defines actions to minimize waste and includes the actual measurement of waste so that
forecasts can be compared with actual achievements. In most of the European countries, the Site Waste
Management Plan (SWMP), or national equivalent, is a legal requirement for some projects. It requires you to
forecast and record waste and how it is mandge

HINBQa o0St2g | stBps Knpleheiitatich &f a Bife Whste ddanagement Plan.

Step 11 ldentify who is responsible for producing the plan: details of the person who drafted the person in
charge of the project. The Site Waste Management PRAWNIP)should be available on site as it could be
referred to bythe staff, implemented and updated if there are changes.

Step 2t Identify the different types and quantities of waste.

Step 31 Identify the waste management options and note any changebeéndesign and specification that

seek to minimize this waste.

Step 41 Consider how to reuse, recycle or recover the different waste produced by the project.

Step 51 Identify waste management sites and contractors, for all waste that require the compsmies
demonstrate that they are complying with the Duty of Care Regime and recording the quantities of waste
transported from site for disposal.

Step 6t Implement and carry out any necessary training of internal and external staff, to ensure that everyone
undergands the requirements of the plan.

Step 7t Plan for efficient materials use, and minimum waste handling and do this early enceggingin

mind any constraints imposed by the site and its location. The plan must also describe the construction
techniques used on the site and its location. It should also describe a) the construction works proposed including
the location of the site and estimated value; b) record decisions made before the plan was drafted, on the
nature of the project, its design, wstruction methods and the materials employed.

Step 8t Measure the quantity and type of waste produced, comparing this against the SWMP to ensure that
the wastes are properly managed and lessons are learned for the next time a SWMP is produced. Aatilall sh
be recorded on the data sheet. Every time a waste is removed from the site, the SWMP must be updated with
further information, including: type of waste removed and destination site. Also record the identity of the waste
management contractor removinthhe waste. The principal contractor should, after completicezordon the

SWMP a statement confirming that the plan has been monitored on a regular basis to ensure that work has
progressed in accordance with the plan.

Step 9t Monitor the implementationof the SWMP to ensure that is being followed and be prepared to update
LI Fya AF OANDdzyaidl y o&iew tlekstcyedsh tthe SSVMYP Stithe &ngl NEEhS projelt?
identifying learning points for future references.

_

@ Minimize the amount of waste produced

Turning waste into a new substee/product

Recover as much matel and/or energy from the solid waste
stream as possible through the application of technology

Figure SEQ Figure ARABIC-Hierarchy of waste construction management
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Minimization

Recycling

Recovery

nt
& sa

8.3.1. IMPLEMENTATIONDF THE WASTE REDOG®ITI SEGREGATION AND
MATERIAL REUSE ONESI

A responsible management of waste is JHEGETERM -
essential aspect of sustainable building. In tHE ﬂl,“ M 1 ‘I ’| W
context, managing waste reduction an { ] t,
segregation is the easiest way to maximise t J&' I " - ' >
amount of waste tlt is used and recycled angzze " x'Lk 1

can make disposing of waste cheape” ) ! ‘ N }\)
Segregating waste also means that differefs -

contractors can keep their waste separate 1
facilitate site management.

As we saw above, forecasting the needs and
volume/type of waste endes enhancing the
use of materials in the project. Studies dret
matter shown that some materials are misused very often (e.g. 10%-bfiliks are mixed with the rubble on
site as the amount of material exceeds the actual needs of the project)

Figure SEQ FlgLMeARABIC 4 Dumpsters on site

After having raised awareness of the site actors on the necessity to segregate the waste, it is essential to provide
the tangible means to implement this operation. Several dumpsters must be present on the site in sufficient
guantity with clear signage on theaste authorized to be dumped. Each container indicates the type of waste
GKFG AdG O2yiGrAyadayYy GAYOSNE O2yONBiGS: az2fAR ¢l adsS:
depends on the size of the construction site. The waste segregation shoelddresive and as accurate as the
AA0S LISNXYAdGay S OFy &a2NI GKS ¢6FaidsS Ay 2GKSNJ OFaGS
this process, a colour type should be indicated on each container. This prevents a misuse of the container or
misunderstanding of the type of waste for which it is intended.

However, the size or/and the location could prevent was
segregation on site. In this case, other good practices are availabl
efficient in order to carry it out. One of them, whidioesnot require E&&
I t2d4 2F aLl OSz Aa (GKS d&asS 21
coloured according to each category of waste they contain and/c
labelling system should be applied. This practice allows

consistency in waste management, regasfieof whether, for

example, the project takes place in a mugdtorey building, including
the basement. Figure SEQ FigureARABIC 5 example of big bz

2 KSy AGQa LlRaarofSsy GKS YFOSNRFf & LINBaSyid 2y (GKS a
rather than being transpaed outside the site. When talking about reuse of constiartand demolition waste,

0KS GSNY aaltgr3aSroAatade ara dASR® ¢KS alft @k 3ISlkoAf
current state, minimizing the needs for transport andther processing.
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Keep in mind that a daily follow up éssential to maintain an efficient material segregation on site and the

engagement of the site players. The monitoring should include the checking for contamination, signage and

location of contaiers. Moreover, the use of a tracking software is the bettay to perform this monitoring.

It allows you to compare the quantities of waste tracked with the initial estimation and objectives and to make

changes as needed to stay on target. If the useigital technology is not possible, the monitoring shoutd b

performed through a Recycling Monitoring Form and it will be recorded to demonstrate this process has been

done regularly.

Video: 5 construction Waste recycling methods which save Building costs
https://www.youtube.com/watch?v=tI0S5PHA0BY

Construction stakeholders - Anticipating the volume of materials needed to complete the projeost control

Target Benefits

Cutting costs bysing/reusing materials more effectively

Maximising skip space

Optimizing the work management on site

Generating income from collecting some materials

Complying with planning and build regulations

Gaining business opportunities
. Improving the corporate saai responsibility or the environmental management system of the
company/industry in general

Enhancing your corporate social responsibility

Implementing good environmental practices can also help you stay ahead of legal requirement
your competitors
. Selling the materials to specialized contraeiamproving the circlar economy

Society . Reducing environmental pollution
Supporting public health
Less use of natural resources
Creation of local employment opportunities
Lower CO? emissions (eigporting or transporting stone from a long distance spot)
Lower risk of polltion incidents
- Empowering citizens by making them aware of their environment and therefore to preserve it b
using sustainable good practices in the construction sector

Figure 6 CharBenefits for CDW management

8.4.Practical Approach

Case study :

The Wdand Company, a construction company, consults you as an expert in the field of CD waste for its
future project. You will describe the different stages of waste managempianning and develop all the
significant aspects of this process (role, type ofiv&~ i NJ y & LJ2 NI X 0

Sources, Further Informatiom Links, websites, videos (FR& EN)

~

—_C —=C =<
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http://www.groupe-secheinternational.com/nossolutions/gestionet-valorisatiordesdechetssur-
vossites/
https://www.ffbatiment.fr/federation-francaisedu-batiment/le-batimentet-vous/construction
durable/lagestiondesdechetsde-chantier.html
https://www.statistigues.developpementiurable.gouv.fr/sites/default/files/2018 1/datalab44-
recyclagedechetsbtp-2014octobre2018.plf
https://www.youtube.com/watch?v=w_8ByOwjp2U
https://www.youtube.com/watch?v=ZryOMb7z8yE
https://www.youtube.com/watch?v=XSYz7hFF¥S



https://www.youtube.com/watch?v=tl0S5PHAoBY
http://www.groupe-seche-international.com/nos-solutions/gestion-et-valorisation-des-dechets-sur-vos-sites/
http://www.groupe-seche-international.com/nos-solutions/gestion-et-valorisation-des-dechets-sur-vos-sites/
http://www.groupe-seche-international.com/nos-solutions/gestion-et-valorisation-des-dechets-sur-vos-sites/
http://www.groupe-seche-international.com/nos-solutions/gestion-et-valorisation-des-dechets-sur-vos-sites/
https://www.ffbatiment.fr/federation-francaise-du-batiment/le-batiment-et-vous/construction-durable/la-gestion-des-dechets-de-chantier.html
https://www.ffbatiment.fr/federation-francaise-du-batiment/le-batiment-et-vous/construction-durable/la-gestion-des-dechets-de-chantier.html
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-11/datalab-44-recyclage-dechets-btp-2014-octobre2018.pdf
https://www.statistiques.developpement-durable.gouv.fr/sites/default/files/2018-11/datalab-44-recyclage-dechets-btp-2014-octobre2018.pdf
https://www.youtube.com/watch?v=w_8ByOwjp2U
https://www.youtube.com/watch?v=ZryOMb7z8yE
https://www.youtube.com/watch?v=XSYz7hTYS-E
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https://www.recyclingmagazine.com/2020/03/30/besgpracticesfor-construdion-waste-
management/

https://www.youtube.com/watch?v=DAmCmnj3wYw
http://www.wrap.org.uk/sites/files/wrap/Reducing%20yeo¥20construction%20waste %20
%20a%20pocket%20gquide%20for%20SME%20contractors.pdf

8.5.Evaluation
Q/A test-10 questions of Multiple Choice (from 1 to 3 correct answers deperatirihe question)

1)

2)

3)

4)

5)

6)

7)

8)
103

Which parties in a construction project are involved iwaste management of a site?
A.
B. Contracting authority, local authorities and external experts
C. The involved businessestime construction project

The preparation of a waste management plan enables
A.
B.
C.

The waste sorting on site is limited to

A. 3 categories

B. 5 categories

C.
All the materials of a site can be recycled, recovered or reused by all the businesses of the
construction sector?

A. Yes, all the construction workers are trained for, whatever the nature of the waste

B. Absolutely, if they use the proper gear to handle them

C.

The salvageability of building materials is
A. The material that has not be dumped in the environment
B. The potential of a material to be reused in its current state
C. The potential of a material to be transported aptbcessed

As seen in this unit, from the highest to the lowest point, how the hierarchy of waste?
A. Recovery, Minimization, Prevention, Recycling, Treatment & Disposal
B. Prevention, Minimization, Recycling, Recovery, Treatment & Disposal
C. Treatment &Disposal, Preverdn, Minimization, Recycling, Recovery

One of the site waste management plan features is to measure the quantity and type of waste
produced on site
A. Yes
B. No
C.¢KS LIy R2SayQi KI@S (G2 TF2NBOI apiodugedBsyt&l & dzN.
only anoperational instrument

Planning CD waste management on site helps to cost control for businesses?


https://www.recycling-magazine.com/2020/03/30/best-practices-for-construction-waste-management/
https://www.recycling-magazine.com/2020/03/30/best-practices-for-construction-waste-management/
https://www.youtube.com/watch?v=DAmCmnj3wYw
http://www.wrap.org.uk/sites/files/wrap/Reducing%20your%20construction%20waste%20-%20a%20pocket%20guide%20for%20SME%20contractors.pdf
http://www.wrap.org.uk/sites/files/wrap/Reducing%20your%20construction%20waste%20-%20a%20pocket%20guide%20for%20SME%20contractors.pdf
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A. Indeed, forecasting the waste produced and the material used on the site helps reduce cost

B. Not really, plannindnas an impacbn the work organisation butds a cost for the site players
who performed it.

C. Not at all, this planning is mandatory under the regulations and has a significant cost for
companies, but it helps to preserve the environnen

9) Planning CD waste management on site helps
A. to compare the aatal volume of waste produced with the initial objectives
B. to apply good practices that encourage waste minimization, reuse and recycling
C. to plan special treatment in the caseledizardous waste

9. On-ssite compliance in the management and recycling of CDWaste

General Description

Acquiring knowledge about the correct CDWaste management chain from temporary storage to recyclin
Participants will be able to apply all theethods of waste management in temporary storage on site (timing, division
homogeneous fractions, etc.) in compliance with current regulations and the methods of recovery and recycling.

Learning Outcomes

Upon successful completion of the Unit, tlearner should:

Knowledge - Good knowledge of CDWaste management procedures

- Good knowlelge of CDW storage and stockpiling proceduresios

- Good knowledge on CDW valorization

Skills - Ability to identify waste reuse, recycle, material recovery andrgy recovery solutions

- Ability to enforce CDW transport procedures and identify its econanid environmenta
relevance to promote CDW recycling

Competences - Improvement of technical skills for the correct CDWaste management procedures
Delivery and Assessment
The unit will be delivered through: The unit wll be assessed through:
i Discussions N Examination
'H Handson 'H Oral examination / exercises
'H Lessons N Project
‘H Written exercises / test

9.1.Introduction

The overall aim of this chapter is to provide key information on the CDW management process complance on
site with focus on the CDWtorage and stockpiling esite with itscompliance with current regulations and
methods of recovery and recycling, and an understanding of the CDW value chain. The current chapter is divided
into three main topics. The first topic explains the importantefficient sorting and storage of maials and

their separation. The C&D hazardous wastes risks and potential impacts are also defined in this topic and
completed with the prevention measures. On topic two, solutions to valorize the CDWs are analgzedieen

into reuse, recycle, materiabcovery and energy recovery. The main logistic requirements are described on
topic three, with an overview on CDW transport procedures and its economic and environmental relevance to
promote CDW recycling. The praetl approach section presents severastjgractices and innovative solutions
related to the developed subjects. In the final section, 5 questions of Multiple Choice will support the
assessment of the knowledge acquired under this unit.
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9.2.Theoretical apprach

An adequate CDW management is higldiated with the knowledge on the methodologies and processes
applied from temporary storage to recycling/reuse. The following paragraphs cover the main subjects on the
topics of temporary storage, adequate stockpgl and logistics.

9.2.1. TEMPORARSTORAGE AND ADEQUATBCKPILING

An efficient sorting and storage of materials, keeping them separated, is an important factor for proper waste
management and to ensure the economic viability of diverting construction delons éiisposal. Theorrect
separation of inert CDW will promote a more effective recycling process and a higher quality of recycled
aggregates and materials, although a high level of separation might be conditioned by the existing conditions
on site and byhe value associatl with the separated materials. Materials must follow a differentiated storage
according to their treatment options [1].

-—

] Sl
— ".:gi‘ I ,2'1;|’|
I

A

‘\

Figure 1: Example of CDW separation in temporary storage. Source: [2]

Stockpiling can be applied in small progbiut is especibt beneficial for considerable sized demolition sites,
such as airports, industrial plants or housing blocks. Attention must be given to stockpiling timing with a limit
of 1 year before disposal and 3 years before recycling [3]. In régane stockpilirg of IT equipment it is usually
required permits from a competent authority.

Figure 2: Example of mixed construction and demolition waste. Source: [4]

The CDW stockpiling can be harmful for the environment and precautionary measusisbmuaken to
minimise potential risks, such as groundwater contamination by leaching oeoffuof contaminants and
particulates, heat generation with potential to cause fire, generation of litter, dust, biogas and odour emissions.
The precautionary meases include wate segregation and disposal in separate dedicated containers. A good
example is the Australian Guideline for stockpile management that outlines the potential risks associated with
the stockpiling of materials (waste or other matter) and yides guidanceon appropriate stockpile
management and relevant control measures to reduce those risks. The next table presents examples of the risks
associated with stockpiling of materials, potential impacts, factors affecting the risks and resultagisngnd
suggested measures [5].
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Examples of factors

contaminants
and

w NBRdAzOSR SO
idz2t tAGe I yR

and practices
w Sy3AySSNR,
w 020132 3INF LK

Risks Potential impacts affecting the risks and Suggested measures
resulting impacts
w NBRAZOSR yI o ane e
quality and poential use | ° VEUSNRAEL 4 Sayitayysyd 2F tSFOK
. < x oA = 2 | leachability
Pollution of w aAusS O2yul = g, = control of stormwater
w Of AYFUOAO ( ) -
waters, surface water and w STTSOGAGS|® O dzy RA y 3
leaching or groundwate) T ocedures) w 26 LISN¥YSFoAfAGE a&adzN
runoff of w &AGS RSINI < > w 02 @SNk Sy Of 24 dNB

w al2N¥gI SN NUzsit fFal and 2
settlement ponds

Dust emissions

w FROSNES AY
amenity

w RIFIYF3IS G2
w KdzYly KSI ¢
(eg respiratory problems)

w OftAYFGAO ¢
including exposure to
winds

w StSGLiGAZY
w aG201LAE S
w oFads de Ly
w S E LidisiuSskaled i
roads

particulates could be considered o ®w YIyr3asySyid LXIya
disposal and subjectto | ProXimity to w AdAGFGES aAGS ASE SO0
. watercourses
fines
®w YAYAYAAS aG201LAES &
w SyadaNB &dAaidrofS F0OO0OS
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management, eg moisture content during handlin
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damage to infrastructure
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aG201 LAt S
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w YAYAYAaS ai201LAtS a

Table 1: Examples dks associated with stockpiijrof materials, potential impacts, factors affecting the risks and resulting impacts, and suggested

measures. Source: [5]

To manage the main esite risks, the following factors must be analysed:
Waste type and chemical and physical characteristics ofrtaterials being stockpiled;
Location and climate of the site;
Hydrological and hydrogeological conditions including proximity to surface; and

Ground waters, water quality and protected enviroemal values;
Length of time materials will be stored;

Pragposed management approach to the stockpiled materials, including safety aspects of guarding the

site from unauthorised visitors like children [3].

Also for reuse, recycling and recovery of C&D materials requires proper stocking. Some materialsbesed to
sorted according to their economic value such as metal that has an established resale value or bricks and tiles
that face a significant demand. However, other materials need to be processed or treated on the basis of
primarily environmental criteria [6With a different approach, the hazardous waste needs to be separated and

disposed of according to the national regulations on hazardous waste.

106



Co-funded by the CONSTRUCTION
Erasmus+ Programme Demolition Waste

of the European Union

In the case of hazardous wastes it is important to be removed correctly and systematically prior to demolition
beOl dzaS Al OFy 06S WSELX 23aAQSQ> W2EARAAAYIQS Wiz2ERAOC
The actions to be applied if unexpected hazardous waste materials are found must be anticipated in the
development of the waste mamgement plan. Hazardous and ndrazardous waste should not be mixed as it

can contaminateCDWs that are not hazardous in their original form. To avoid contamination attention must

be given during the demolition stage, through their mixing, processingspusil. Materials that were non
hazardous can become ngausable/recyclable due to improper procedures. An example can be found in the
contamination of inert recyclable waste such as bricks and concrete if ebkesetl paint is mixed in the pile

turning i into hazardous waste. Therefore, stocking and stockpiling must be undertaken only in suitable
circumstances to prevent and minimise any potential harm to human health and the environment [1].

9.2.2. PREPARATION FOR REERECYCLING

Reuse

Reusing refers to usingiabiject as it is, without treatment. This reduces pollution and waste, thus making it a
more sustainable process. Recycling means turning an item into raw materials which can be used again. This is
an energy consuming procedureathcan still produce wastand pollution. Therefore, preparing for reuse is to

be encouraged because, in theory, it offers environmental advantages when compared to recycling, since
environmental impacts associated with reprocessing do not occur [1].

Reuse: Opportunities for better use of waste construction materials
The following link gives access to a video were is explained how reuse efceastruction

components could be made much more common.

Link:https://www.youtube.com/watch?v=rOEjqg 4GXEA

Souce: https://www.ucl.ac.uk/circulareconomylab/affiliated projects/opportunity waste

Recycling

As for recyclingit can take place osite with materials incorporated as new construction resources Gesibdf

at a recycling plant. The most commamaterials to be recycled from building sites include metal, lumber,
asphalt, pavement (from parking lots), concrete arilev stony materials, ceramics (e.g. bricks, roles),
roofing materials, corrugated cardboard and wallboard.

Adequate planning of aste management activities on construction sites is crucial to achieve high recycling
rates and higkguality recycling ppducts. Most of CDW is recycled for economic reasons, however recycling of
materials such as concrete, wood, glass, gypsum drywalaspialt shingles has other relevant benefits such
as job creation, increased resource efficiency and reduced landfilitiger benefits can be found in energy
savings, reduced greenhouse gas emissions [7] and a contribution to environmental protecfemeral.
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Figure 3: Example of a circular demolition dismantling process. Photo Credit: Erik Boschman. Source: [8]

Toguarantee the quality of the C&D materials from dismantling to recycling is important to use cleaiuseulti
containers fomaterials such as glass. If the glass comes into contact with concrete, stone or brick waste, it is
no more suitable for recycling ia circular mode (renelting).

To control the waste processing and treatment is important to follow to fulfil the follgweguirements:
- Waste acceptance (at recycling/landfilling site);
- Input control (for example asbestos protocol);
- Factory productiorcontrol (addressing essential characteristics of products);
- Acceptance criteria (such as for raw materials usedviste-derived products manufacturing);
- Frequency of the sampling;
- Identification of the recycled aggregates used in a specific produaAiructure (delivery note) (final
tests of the waste derived products clearly documented) [1].

Material recovery

Material recovery orsite can occur through backfilling, which is one way to reusehe@ardous CDW. It is a
solution applicable in particulaituations, such as in public and earthmoving works when reuse or recycling
into higher quality applications is npossible. Therefore, the backfilling solution should not be a priority as it
can compromise the incentives to reuse and recycle in higladwevapplications. To avoid a negative
environmental impact, such as groundwater contamination, the CDW shoul@&tetr before being backfilled

[1].

Energy recovery

In accordance with the waste hierarchy [9], CDW can be recovered also as substituteafuely through
Refuse Derived Fuels (RDF) [10]. Several CDW streams can be recovered through RDF, suchwisighe foll
O2y il YAY Il (i S Rase®ppoiucts thaRared@ SuRable for reuse or recycling;

LI F AGAOAT

2NBI yA O Ay éaghtibn) sodhg insalatiéhSnaiérials;
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Figure 4: Example of Refuse Derived Fuel. Sqadde:

Onsite operations can offer advantagegch as a reduced cost and transport needs. Each case viability must
be analysed as the preparation for reuse and recycling can be conditioned by the site's available space and
impact on nearby green areas, residerand businesses. These-site operationsmight require permits or
licenses and must consider factors and risks associated with the economic, environmental, social and health
dimensions [1].

9.2.3. LOGISTICS

The materials need to be transported to ideallypgocessing plant for further reuse or
afinal disposal site. Concrete can be reused by crushing it in order to transform it so
that it can be resold either in another size or as backfill.

The transport of CDW should be performed in a safe and legal mammpeevent any negative impact on the
endANRYYSY(l YR 62N]JSNEQ KSIfiKd ¢KSNBF2NBE>X GKS 02\
provide the appropriate transport conditions previously of any transport procedure. In the case of hazardous
waste it is important to provide a saféosage, separated from other waste, with labelled containers and a
restricted access for unauthorised persons [1]. The contractor must ensure and have proof that the hazardous
CDW is transferred to an adequate fagituthorized to receive the hazardousste.

One of the reasons that contribute to higher costs in recycled CDW materials include longer transport distances
[12].

To achieve the recycling economic viability while keeping its environmental benefitmjiastant to shorten
distances. Theroximity of recycling and sorting facilities is crucial for CDW, especially for bulky materials such
as aggregates for construction that cannot be transported by road over longer distances (usually maximum 35
km). For lage volumes and long distanceslitosild be analysed the possibility to transport by rail or waterway.

The transport by road should be optimised using dedicated information technology, such as software that
allowsoptimisingdriving directions an@mproving fuel consumption [1].

The link letween the CDW production location and the final waste disposal facility can be optimized using waste
transfer stations or collecting boxes. All transfer stations serve the same main purpose to receive CDW from
different production points but some also prile waste sorting and recycling services [1].
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9.3.Practical Approach

The present section is composed by several examples of best practices and innovative solutions in regard to the
theoretical approach developed.

HISER prejct (European Union'slorizon 2020 research and innovation program)

¢KS 1T L{9w LINR2SOi al2tAaiGA0O LyYyy20FGA0S {2ftdzirAz2ya
al GSNAIf& FNRY /2YLX SE /2yaidNUzOGA 2y thecRrest éxlgngsh (A 2y
in the European construction and demolition sectors.

The main objective in HISER was to develop and demonstrate novekftasive holistic solutions
(technological and nottechnological) for a higher recovery of raw materialsnir@ver more complex
construction and demolition waste (C&DW) by considering circular economy approaches throughout the
building value chain (from Eraf-Life Buildings to new Buildings).

Through the following link it is possible to access a video withd#seription of innovate technologies for
smart demolition, automated quality assessment, automated sorting and recycling.

Link:https://www.youtube.com/watch?v=vdzau_JGSYk&t=3s

Sourcehttp://www.hiserproject.eu/index.php

Best practice example for waste identification, source separation and collection

Dutch certification scheme for demolition processes (BRL SMMB

The BRL SVM®B7 is a voluntary (ndiegally binding) instrument to encourage a quality demolition process.
Customers who prescribe to this certification scheme of procurement and tendering are assured of
environmentally and safe demolition on site. The scheme is ctattdy third partiesand the Council of
Accreditation. The certified demolition process follows four steps:

Step 1 Predemolition audit: The demolition contractor carries out an advanced inspection of the demolition
project and an inventory of the mateils (hazardous and nemazardous) to get insight into the nature, quantity
and any contamination of the extracted demolition materials.idventory is made of the risks to occupational
safety and safety risks to the surroundings.

Step 2 Waste managemerpglan: A waste management plan is drawn up that includes a description of the
method of selective demolition and environmentaftyendly demolition, processing and removal of released
material flows, safety measures that have to be taken and implementagiquirements of the customer.

Step 3 ExecutionThe execution of the demolition occurs in accordance with the waste management plan.
Experts in the area of safety and environmentalfiendly demolition are involved and certified demolition
contractors vork with approved equipment. The demolition contractor must ensure that the demolition
location is safe and well organised and that tieeeased material flows do not contaminate the soil and the
surroundings.

Step 4 Final reportThe delivery of the preft takes place in consultation with the involved parties. A final
report of the released demolition materials is drawn up by the deriwslitontractor, and it is supplied to the
customer upon request.

Source: BRL SVMIS7, https://www.veiligslopen.nl/en/

Tracimat- Best practice example on CDW logistics

TRACIMATa nonprofit construction and demolition waste (CDW) management organisation was founded by
the HISERartner - the Flemish Construction Confederation (VCB), together with the Federation of Producers
of Recycling Granulatd5EPRG), the Belgian Demolition Association (CASO) and the Organisation representing
the engineering and consultancy companies (ORI).

Tracimat will certify the selective demolition process and issue a certificate of selective demolition for
demolition wase that has been selectively collected and subsequently has gone through a tracing system. This
tracing system guarantees the selectis@lection of the demolition waste material, traces it from its point of
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origin down to the gate of the processing compaand sets as its main goal assuring the processing company
of the environmental quality of the input demolition waste.

Sourcehttps://www.tracimat.be/ & https://www.buildup.eu/en/news/tracimatrecognisedcdw
managementorganisation0

9.4 Evaluatbn

1) Choose the correct answer in regard to the benefits of the correct separation of inert CDW.
A. A more effective recyclingrocess but is only viable on smaller projects.
B.
C. Less quantity of recycled aggregates and materials but with higher quality.

2) Which of the following answers represts examples of the risks associated with stockpiling of
materials.
A.

B. Noise and dust emissions.

C. Pollution of waters, leaching or rurfadf contaminants and particulates and noise emissions.
3) Choose the correct sentence between a) and b).

A.

B. Hazardous and nehazardous waste should nbe mixed as it can contaminate CDWs that are not
hazardous in their original form. Materials that were Rlbazardous in their original form, caat
become hazardous.

4) Which of the following options are common materials to be recycled from building sites?
A.
B. Electronic and garden waste.
C. Food waste and soil.

5) Which of the following options represent the main purpose of waste transiations?
A. Provide a marketplace where all the C&D stakeholders can buy and sell recycled materials to be
incorporated in construction sites.
B.
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10. Selective demolition and CDWaste recovery

General Description
Acquiring knowledge and methodologies for the selection of homogeneous materials suitable for treatment to ¢
the value of the waste obtained, increasing tteeyclability of CDWaste generated on site and improving the quali
the material obtainake from recycling. The participants will be able to implement a correct selective demolition d
recyclable materials (striput) and a high quality recycling, Wwihighly selected waste
Learning Outcomes

Upon successful completion of the Unit, the learsbould:

- Good knowledge of planned demolition procedures and techniques

- Good knowledge of Strip out procedures and techniques

- Good knowledge of techiques and methodologies for the selection of homogeneou
materials

Knowledge

- Ability toapply planned demolition procedures
Skills - Ability to choose the best demolition methods
- Ability to apply strip out procedures and techniques

- Promoting policies fothe use of selective demolition

- Improvement of technical capabilities to reduce environmental impact
- Optimisation of the CDWaste management process

- Improvement of technical skills for the correct execution of the strip out

Competences

Delivery and Assessment

The wit will be deliveredthrough: The unit will be assessed through:
N Discussions A Examination
'H Handson 'H Oral examination / exercises
'H Lessons A Project

'H Written exercises / test

10.1. Introduction

The purpose of this chapter is to identify the maharacteristics and methodologies for the selection of
homogeneous materials in relation with possible treatment solutions, to enhance the value of the CDW
generated on the demolition of buildings and other civil infrastructures. An overview is givenlamtiveae
demolition and its importance to increase recyclability and improve the quality of the material obtainable from
recycling. The chapter is composed of three main topics. On the first topic are explained the three base pillars
for a quality managemdrof waste identification, namely the prdemolition audit, selective demolition and
identification and separation of hazardous waste. The phases in the CDW selective demolition process are also
detailed. On topic two is given an understanding on the niakerrecovery relation with limiting factors,
treatment solutions and procedures. The last topic covers the main drivers and barriers for selective demolition.
The practical approach section presents several best practices and innovative solutionstcefiagedeveloped
subjects. In the final section, 7 questions of Multiple Choice will support the assessment of the knowledge
acquired under this unit.

10.2. Theoretical approach

A proper preparation and execution of pdemolition audits and wastmanagement procaures are the base
for a goodquality selective demolition and CDW recovery.

Selective demolition (or selective building deconstruction) is an alternative to demolition that involves a
systematic disassembly with the objective of maximisagse, recyclig and diversion from landfill [18].
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10.2.1. QUALITY WASTE MANAGENT

The predemolition audit (or waste management audit) will identify the CDW to be generated, ensure the
implementation of adequate deconstruction, and specify dismantling and déoropractices.The audit must

be executed before any renovation or demolition starts, before materials to be reused or recycled and before
any hazardous waste management activity. The defined procedures will promote occupational safety of
workers and wilhelp to increae the quality and quantity of recycled and reused products close to or at the
construction site [1].

Therefore, there are three main steps on the quality management of waste identification, source separation
and collection:

Pre-demolition audit (a/o asbdes detection);

Selective demolition;

Identification and separation of hazardous waste.

The next figure illustrates the phases in the C&DW selective demolition process.

Inventory of . Deconstruction ‘

hazardous materials  (removal of interiors

and decontamination  and equipment)
J : ! !

|- Asbestos - Doors | - Bricks

Dismantling \ Demolition and

¥
Mineral fraction

|- Polychlorinated - Windows - Beams (concrete)
biphenyls (PCB) - Wood - Components Wood
|- Lead - Gypsum boards - Structures = 3CrED
|- etc - Metal Size reduction,
| - Stairs Cleaning, sorting, fractioning, removal
traceability of unwanted

fractions, traceability

Products for Disposal/
Disposal/treatment ¢ Reuse Recycling = treatment

market (recycling) of felects

Figure 6: Phases in a selectil@nolition process Source: [16]

Selective demdtion and appropriate ofsite operations result in the improvement of collection of materials for
reuse and recycling, for which is crucial a correct source separation of CDW with the elimination of sizardo
waste, as well as the separation of materidlattcan constrain recycling and reuse.

The selective demolition techniques usually involves the following actions:

First, a hazardous substances audit and an evaluation of the need for specialised strgginof
asbestos, should be performed.

Second, ranual dismantling of reisable parts is the preferred option for directly-usable parts, as
glass, precious wood, sanitary ware, heating boilergsableradiators, etc.

Once the building is empty of éictly reusable elements, floor coverings, ceirgnd combustible and
non-combustible waste should be stripped and segregated.

Finally, depending on the type of building, wooden beams, steel frames canusede while buildings
with concrete araisually demolished and concrete waste crushed to prochgmgregates [18].
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10.2.2. WASTE RECOVERY &ARVIENTS

The level to which materials may be recovered effectively in the demolition process is strongly dependent on a
range of factors that can affect the recay, namely the following ones:
- Safety, which may increa project costs.
Time. Selective demolition needs more time than traditional demolition, so higher costs are expected.
Optimal solutions regarding potential recyclability anelse should be considered.
Economic feasibility and market acceptance. Th&t of removing arelement (e.g. a roof tile) should
be compensated for by its price, while, at the same time, theged element should be competitive
and accepted by future users. For some materials (e.g. iron/metal/scrap), market prices fluctuate
strondy depending alson seasonality.
Space. When there is a space limitation on a site, separation of materials collected should take place in
a sorting facility. Space limits specifically require good planning.
Location. The number of recycling facilitiesthe surrounding of the project site or the local supply
waste management services may limit the potential recovery of materials from a deconstruction
project.
Weather. Some techniques may be dependent on certain weather conditions that may not eoincid
with project timing [6].
The CDW recycling typically begins with the C&D materials for which secondary markets already exist,
frequently the inert fraction, metals or wood.
Materials must also be differentiated in accordance with the treatment solutiand destinations.The
following table presents possible treatment solutions that lead to the materials distinction and separate
storage.

Treatment options Materials (examples)

Cleaning for reuse Soll

Reuse Structural steel, metal sheet and tiles

Recydhg in thesame application Metals, paper, glass, cardboard and asphalt
Recycling in another application Aggregates, wood for particleboard manufacturing
Incineration Wood, plastics, paper packaging

Disposal Hazardous waste

Table 6: Examples of mateiseandtreatment solutions. Source: [18]

Different CDW processing and recycling techniques can be identified across Europe. The processing of
inert/mineral CDW is described in Module 3, LOZIvers and barriers

There are various conditions that can affeglectve demolition. Economic factors are the most important,
both promoting and hampering the use of selective demolition. Selective demolition results in materials with a
higher value.

Aspect/characteristic | Drivers/benefits Barriers/challenges

S
Selective demolition is mandatory in many No demand for selective demolition in some EU

Legishtion member states. - ‘ Member St_ates. . _ N
Mandatory decontamination of the constructian | Safetyrequirements in selective demolition are
removal of hazardous materials. more demanding.

Higher value for pure C&DW fractions.
Treatment costs are lower following selective
demolition.

Market/economics Creation of more jobs.

If a market for material recovery can be identifie
and connected prior to demolition, environmentg
suaess can accompany financial success.

Selective demolition prolongs demolition time and
requires more labour.
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Quality

Use of efficient selective dism#ing enables the
separation of unwanted fractions from recyclable
C&DW and improves quality.

Potentid presence of hazardous materials.
Lack of traceabilitg limited information on the
origin and quality of waste materials.

Low cost of landfill and virgin materials.
Neighbourhood; creation of noise pollution and
dust, lack of spae

Local conditions

Complex buildings increase costs for selective
demolition and material separation.

Some construction materials, sandwich elements
are not possible to separate economically.

Old buildings are not designed to be deconstructe
¢ from building to componentsg or disassembled
from components to materialg easily.

Access to BIM data in new buildings.

TR7Eaeg Design for disassembly.

New techniques for material recognition.
Use of robots for demolition work.

New recyclig technologies for higlgrade
material fractions.

Material identification not yet available in older

Technological buildings.

development

Several stakeholders involved in the vat&in;
challenge Wwh communication.

Education on the circular economy at different

Actors ) . o
levels in universities.

Table 7: Drivers and barriers for selective demolition. Source: [16]

A more selective demolition process will minimise the amount of rejects sent for landfilling, on the other hand,
it is a more expensiv@rocess, more labour intensivand more time consuming. The selectivity of the
demolition process is determined by an economic tradigbut the future buildings might be constructed to be
easier to disassemble [16].

10.3. Practical Approach

The present section is composed by several exampf bespractices and innovative solutions in regard to the
theoretical approach developed.

Waste based bricks by Stonecycling

Stonecycling is a Dutch company officially launched in 2015 that developet\tasieBasedBricl&s These are
interior and exterior bricks made to the requirements of each project from at least 60% waste. Their mission is
to move towards beautiful building materials made from 100% upcycled waste with a positivendarpact

on the planet. This solution was developed to overcome issues such as:

Debris from construction, demolition and industrial processes is one of the biggest waste streams in
the world;

The construction industry is responsible for one third of @R@&missios in Europe;

Basic raw materials such as construction sand are becoming increasingly scarce;

Initiatives for recycling waste materials often lead to downcycling: building products that once had

value end up as roadbeds or in one of many largfill

Necessiy for alternative resources and production methods is a pressing necessity that creates

Recycling process
The following linlgives access to adgo with an example of the C&D Waste recycling process.

Link:https://www.youtube.com/watch?v=nl5 JxdPw

Sourcehttp://www.iconic3d.qgr/

opportunities for the stakeholders in the value chain.
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TheWasteBasedBricks now appear indildings, in private homes and offices, Starbucks and Cos stores from
Amsterdam to New York.

Blackpepper Nougat Orange Pistachio

Radish Salami Salt+pepper Mushroom

Figure 7: Examples of the develoWdsteBasedBricles Sourcéhttps://www.stonecycling.com/

Insulation: Recyclable
When a building is to be refurbished or demolished, its insulation caedeled. Mineral wool insulation can
be easily and safely removed and either reused in another building orcepsed to make new insulation.

Although energy is used to produce mineral wool, a typical mineral wool product can save over its lifetime, 300
times the energy needed in its manufacture, transportation and disposal.

Manufacturing processes have beenaegneered to incorporate production scrap back into the primary
production process, allowing 75% of glass wool production waste and 66% ofvgtah@/aste to be recycled.
In the case of some plants the recycling goes up to 100% of all production waste.

Information Sheet on Waste Handling of Mineral Wool Insulation:

http://www.eurima.org/uploads/ModuleXtender/Publications/151/Eurima_waste_handligo_Sheet_06__
06_2016_final.pdf

Mineral Wool- Deconstruction in Practice video:

https://www.youtube.com/watch?v=H4am®&9mA

Source: European Insulation Manufacturers AssocigyRIMA), https://www.eurima.org/sustainable
construction/recycling.htmi
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10.4. Evaluation

1) Choose between the followingptions: the one that better characteriseghe three main steps on
the quality management of waste identification, source separation and collection.
A. Predemolition audit; Selective demolition; Identification and separation of hazardous waste.
B. Predemolition audit waste transfer stationmaterial recovery.
C. Predemolition audit; Selective demolition; treatment of hazardous waste.

2) Which of the following options presents the phases in the C&DW selective demolition process by

chronological order.

A. Inventory of hazardos materials and decontamation; Dismantling; Deconstruction (removal
of interiors and equipment); Demolition and sorting.

B. Demolition and sorting; Inventory of hazardous materials and decontamination;
Deconstruction (removal of interiors and equipmentj)siantling.

C. Inventory of lazardous materials and decontamination; Deconstruction (removal of interiors
and equipment); Dismantling; Demolition and sorting.

3) Choose the option that betteidentifies factors that can affect the materials recovery effectively
in the demolition process.
A. Safety; Time; Economic feasibility and market acceptance; Space; Location; Weather.
B. Building size; Human resources; Economic feasibility and market acceptance; Location.
C. Space; Location; Weather; Building typology.

4) Which of the following options identifies procedures frequently applied by CDW recycling
facilities.
A. Reception, weighing, and visual inspection; Screening of large materials; Magnetic separation.
B. Waste separabn and landfill.
C. Production of refuselerived fuel and engy recovery.

5) There are various aspects that can affect selective demolition such as the applicable legislation.
Which of the following options identify drivers/benefits related witthegislation.
A. Access to BIM data in new buildings. Design for disassembly
B. Use of efficient selective dismantling enables the separation of unwanted fractions from
recyclable CDW and improves quality.
C. Selective demolition is mandatory in many member staiéandatory decontamination of the
construction¢ removal of hazardous ntarials.

6) There are various aspects that can affect selective demolition saslechnologicatlevelopment.
Which of the following options identify barriers/challenges related with tloological
development.

A. Potential presence of hazardous materials.
B. Chalenge with communication.
C. Material identification not yet available in older buildings.

7) A more selective demolition process will minimise the amount of rejects sentladfilling but
also have disadvantages. Choose the option that identifies selectivendiition process potential
drawbacks.

A. Less materials prone to be reused and recycled.
B. More expensive process, more labour intensive and more time consuming.
C. Tendency tesend more materials to produce refuskerived fuel.
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Module 3. Construction and Demolition Waste Management and Recycling

11.Definition andObijectives of the Module

This modile introduces information about the sources, content and classification of CDWs as well as a brief
description of the main operations to which CDWs are subjectesliten The module contains also information

about the nonhazardous mineral construction drdemolition wastes (CDWSs) i@ncrete, bricks, tiles and
ceramics as well as mixtures of these materits. this type of CDWs are presented the technologies used for
their processing and preparing for recovery and cdicyg, in mobile (ossite) instalations or in CDWSs recycling
plants; information about asbestos containing wastes (classified as hazardous mineral CDW) i.e. health hazard
associated with this type of waste, sources, potential exposure of workers andagtigoilas well as several
treatment options are also presented.

An analyse of demolition techniques of their advantages and challenges are also presented. A comparation from
environmental, economic and social point of view of the deconstruction methoslsgathe conventional one,

is introduced in this module. Trainees will also be acquainted with the steps prior to carrying out a selective
building demolition, which includes detailed building appraisal by means of surveys and procced with the
analysis oftie objectives, steps and conteaf a selective demolition plan, including the safety measures and
hazardous materials. The module also contains information about the cost break down of a demolition project
by analysing the Project input cost elements dhe Project output cost elementsnd estimate project costs

of conventional versus selective demolition. Finally, the environmental and economic impacts of recycling CDW
are discussed together with the LCA methodology as a method of evaluating enviromiemédits.

12 Learning Units Table

Contact hours: 1Bours

Handson hours: 5hours
Selfstudy hours: 7hours
Assessment hours:®ur

Module 3: Construction and

Demolition Waste Management and = Total Duration: 30 hours
Recycling

Learning UnitDistribution
Unit 1: Waste treatment activities | Unit 2: Requirements and Unit 3: Selective demolition and
on-site in the different processes | procedures for orsite reuse and | recycling plan: costs and benefits
recycling of inermaterials from

CDW activities
Contact hours#h Contact hourszh Contact hours7h
Handson hours:1h Handson hours: 1h Handson hours 3h
Selfstudy hours:2h Seltstudy hours:2h Selfstudy hours 3h
Assessment hoursth Assessment hoursth Assessment hoursth

13. Waste treatment activities orsite in the differentprocesses

General Description

Acquiring knowledge about the best practices in CDW treatment. The participants will acquire basic knowledge
the importance of minimization and prevention of CD waste generation o site. Also, the participants willbeart
processing and sortingethniques specific for different type of wastes, and storing before treatmesstiten Example
of good practices will be introduced.

Learning Outcomes
Upon successful completion of the Unit, the learner should:

Good knowledge of theractices that have to be developed-site

Knowledge Good knowledge of the processes and techniques that could be applied/developsiteon
(material and size sorting, size reduction, hazardous waste identification and sorting, etc.)
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Goodknowledge ofrevention and minimization of waste generation

Ability to correctly implement ossite activities and techniques

Skills Ability to understand and apply the techniques of CD waste processing to get a high recycl
rate, on and off site

Improvement of technical skills in order to identify recyclable materials and applicable matd
Competences valorisation/recycling techniques

Improved perception of the importance of CDW recycling

Delivery and Assessment

The unit will be delivered though: The unit will be assessed through:
5A40dzaarzya 9EI YAYLFGAZY
X Handson hNI f SEFYAYLGA2Y k SESNDAA
X Lessons t N2 2SO
etc.. X Written exercises / test
13.1. Introduction

Construction and demolition waste esite management is one of the most chaligng aspect in reducing the
waste environmental impact due to the high quantities generated. The key actions are prevention, recycling
and recovery of waste, as well as an adatgustorage. The main benefits of these actions are conservation of
natural resources, pollution prevention and economic benefits.

All the steps covered by the construction or demolition projects has to be taken into account starting with the
design phasand finishing with site cleaning.

13.2. Theoretical approach

13.2.1. MINIMISATION AND PRENTION OF CD WASHRGRATION GBITE

Sources of CDW generation. Specific streams generated on construction and
demolition-sites: classification and properties

CDW sources

CDW is the waste generated by the activities of construction, repair, reformewolition of houses and
buildings, public infrastructure like roads, ports, airports, railways, canals, dams, sports or leisure facilities, or
other works of civil engineerings well as those originating from works that modify the substantial shape of
the land or subsoil, such as excavations, injections, urbanizations or other similar ones, including CDW
generated in minor construction and home repair works.

The activities ad processes involved in the construction and demalition of buildings and infcaiste give rise

to a set of waste that can be constituted by mixed earth and aggregates, stones, residues of concrete, residues
of asphalt pavements, ceramic and refractanaterials, bricks, glass, plastics, plasters, iron armatures and
wood; and in gearal, all the wastes that are produced by the earthwork, rehabilitation and restoration of
existing buildings and structures.

Construction waste composition depends on thipe of project/activity. Therefore, according to the purpose
of the constructionjt can be divided into [1]:

Construction of houses and utility buildingsicluding construction, maintenance, renovation and
demolition of houses, office buildings, educatibieantres, shopping centres, industrial buildings and
other similar constructions
o Demolition Process and Preliminary Construction: as its name indicates, in this process the
RSY2t AGA2y A& OFNNASR 2dziz GKFG Aax GKS S
construction of a new work.
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0 Excavation Process: corresponds to all gelnactivities related to the removal of base material
from the construction, with manual or mechanical equipment.

o0 Foundation Process: it is the process where the bases that will support the new structure are
built and fixed.

0 Structure construction pro@s It is the one in which the plates, columns and beams are fused,
specifically with steel reinforcement, to shape the structure of the work to be carried out.

o Masonry Works: these include the construction of vertical structures that divide the different
spaces, that is, the dividing walls within the same structure. This includes the construction or
installation of the facades.

o Gray Work Works: these include the wall panels and the bases.

0 White Works: these are generally related to the installation afeers, ceilings and painting
within the respective building.

o Finishing Works: These are related to the installation of floors, provision of kitchens and
bathrooms in the buildings. Finally, the general cleaning of the work is carried out and the
constructon process is considered finished.

Infrastructure Construction This is related to the construction, maintenance, renovation and
demolition of civil works of the infrastructure of a country, such as ports, airports, canals, roads, bridges,
tunnels, amongseveral others.

The excavation and preliminary processes for the construction of infrastructures are similar to the
processes of construction of houses and buildings, described above, including also large works of:

0 Construction of deep foundations/struatal elements that transmit the loads from the
structural system to the subsoil.

o0 Construction of armature: process that includes the constructiorsibe of the reinforced
concrete armature corresponding to the columns and plates.

Specific streams. Congaition/Characterization of CDWs

Characterization of the CDWs varies depending on the type of construction in question. It reflectaajoits
materials, the type and percentage distribution of the raw materials that are used, although it is necessary to
consider that these can vary from one country to another, based on the availability of the same quality materials
and the practices in constructiodinor materials, on the other hand, depend on a much wider number of
factors, such as the climate of théape, the purchasing power of the population, the uses given to the building
or structure.

The main types of material and resulting waste could be classified based on their origin (natural and produced
by industry):

a. based on their origin:

- natural: excavaed materials: topsoil and solid from deep horizons, landscape rocks; sometimes
decorative stones like marble, basalt, granite, slate, limestone or wood could be consider as
natural materials even if they have undergoa mechanical processing;

- produced byspecific industriesall the others that are not from natural sources;

b. based on their composition:
- non-hazardous wasteontaining mainly
- inorganic/mineral:

- mineral waste: bricks, cement, plaster, concrdties, glass, stones, etc.;
- road rubble, concret rubble;
- excavated materials (sand, gravel, loam, clay, stones, rocks);
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- hazardous compounds (asbestos).
Mineral CDW, as the most important material fraction generated on construction and
demolition-sites, will be detailed in the next Learning Unit.
- orgarics:
- organic waste: timber or wood door or window frames, roofing support (especially
from demolition);
- plastic: pipes, plastic switches, wire insulation; conduits;
- bitumen, asphalt.
- metals:
- ferrous materials: from reinforced concrete, door or window fesnroofing support,
railing of staircase, pipes;
- other metals: copper and aluminugiectrical wiring;
- mix composition:
- topsoaill,
- building debris, etc.
- hazardous wasteontaining mainly:
- asbestos;
- contaminated soil;
- oil contaminated soil;
- waste containindar;
- others.

The identification of waste types is recommended to be carried out before building demolition (based 6n a pre
demolition audit [2]). This audit allow the identification of ttyge and quantities of CDWwhich are generated

and should be raised, recycledr treated. The audit conclusions allow also to prevent the contamination CDW
with hazardous wastes (during the demolition) and consequently to jeopardise its recovery or recycling. The
hazardous wasteshould be identified, separated at sme and disposaéaccording to national regulations [3].

Ondemolition sites,some materials, such as asbestos and mercury vapour lamps, which can be present in old
buildings, are hazardous. Also, residues of hazardous substances manufactured, useédangte buitling

may remain in CDWs (especially for industrial sites). Where possible, these should be removed from the site
prior to the demolition. If hazardous substances become impregnated into the building (floors, walls, etc.), prior
to demolitiona treatment slould be applied (if possible) in order to neutralise or treat the hazardous substances
present in situ [2] [4].

On construction sites some building materials, that are not hazardous in their final form (i.e. adhesives,
coatings or sealantsjan be obtaind on the site by a reaction between several hazardous precursors, or are
adzlJLX ASR G2 &aA0S Ay a2t @Syd OF NNASNB® ! ye &adzNlJ dza
residual quantities of hazardous products which are miwgtd CDW tranggrm this waste in hazardous waste

[2], [4].

Therefore, the hazardous waste separation at sourced(t#) is of utmost importance.

13.2.2. WASTE HIERARCHY (WHNIMISATION ANDREVENTION OF CDW
IN THE CONTEXT OFSWVR HIERARCHY

Legal terms andlefinitions
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The general definitionof waste terms/operations are established by the WDF (see alsos://eur-
lex.europa.eu/legatontent/EN/TXT/?uri=CELEX:32008L008®dule 1 includes some of these terms.

Amendments to Directive 2008/98/EC

DIRECTIVE (EU) 2018/851 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 30 May 2018 am
Directive 2008/98/EC on wasit#roduced some specific amendments related to CDW Heviis:

Article 32c of the WFD was amended BYRECTIVE (EU) 2018/851 OFHHREOPEAN PARLIAMENT AND OF
THE COUNCIL of 30 May 2018 amending Directive 2008/98/EC onimiastece a general definition for
O2yaiGNHzOGA2Y YR RSY2{0&AOgyat BHzZOVA R BYR RSYSNK (X

G2 KAfS (KS R Sriickioy ZaridAd2mgolitich Twast® 2efees (to waste that results from
construction and demolition activities in a general way, it also includes waste arising from miiter do
yourself costruction and demolition activities within private households. Construciot demolition

waste should be understood as corresponding to the types of waste included in Chapter 17 of the list
of waste established by Decision 2014/955/EU in the versio2iNDS 2y n  WdzZ & Hn
paragraph 11)

Article 110of the WFD introdu8 G KS 20f A3F A2y 2F LINRY2iAy3a GKS &St
take measures to promote selective demolition in order to enaelmoval and safe handling of hazardous
substancesand facilitate re-use and highquality recyclingby selective renoval of materials and to ensure

the establishment of sorting systems for construction and demolition wasi least for wood, mineral
fractions (concrete, bricks, tlesandceram®a > a2y Sao s YSadlFtx 3t aaz LI Fal

In Annex Il, R5s replace by Recycling/reclamation of other inorganic materiaisK I & WA y Of dzRSa L
re-use, recycling of inorganic construction materials, recovery of inorganic materials fiorthef backfilling,
FYR &a2iAf Of SIyAy3 NBadzZ GAy3 Ay NBO2@SNE 2F (KS aza

The targets laid down in Directive 2008/98/EC of the European Parliament and of the Council (4) for preparing
for re-use and recycling of waste should be increased to make therSbéft NS Ff SOG GKS ' yA2Yy QG
to a circular economy. The EU cories have to take appropriate measures to support the development,
production, marketing and use of durable products that contain recycled materials and to facilitate proper
implementation of the waste hierarchy. Those measures should consider the impgebducts throughout

their life cycle, the waste hierarchy and, where appropriate, the potential for multiple recyéling

Preparing for re-use

e
R
-

Figure 1Waste hierarchy (adapted from https://eaieopa.eu/environment/topics/wasteand-recycling/wasteframeworkdirective_en)
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The waste hierarchy is applied as a priority order in waste prevention and management legislation and policy.
In relation with CDW, tlawaste hierarchy ranks waste managementiaps as follows:

(i) Waste prevention (sometimes termed reduction or avoidance or minimisation)-¢dn) is the most
appropriate waste management option; it excludes the need for any other operation. Prevention should be
considered during the design segs well as osite;

0 atthe design sageand selection of materials are important ways of waste mitigation. Some of
the main methods are:

- reducing the amounts of materials that will become CDW,;

- utilizing durable construction materials and designs of bagd optimized to meet the needs ofers;

- select specific design solutions to minimise the amount of CDW;

- selection of products based on lifecycle;

- extending the lifespan of the constructions by regarding the quality and resilience of construction
materids;

- using reusable and/or recyclableaterials;

- use of local and/or recycle materials;

- use nonhazardous materials (like watbased adhesives and paints).

w throughsource minimisation When a material is source reduced, GHG emissions associated with
producing the material and the management of pastnsumer waste is avoided completely. [7]
- prevention of activation of materials and spread of contamination;
- recycling and rause of valuhle materials;
- waste management optimization;
- monitoring CDW generation;
- use modern technologies for reducing material consumption and waste generation.

(if) Preparing for reuseincludes operations that improve the quality of waste beforeuse in simar works.
They are:

- quality checking;
- the removal of the impurities/ elaning of the material/object;
- repairing.

Preparing for reuse (on or off-site) is a general operation in CDW management that could be applied for
materials like appliances, bricks, masonry stone, structural steel, carpeting, ceiling tiles, timbembgad ti
based boards, door and window frameasdeshutters, flooring tiles, stone tiles/platforms, landscaping materials,
metal framing including for partitions and ceiling, pipes, antigue mouldings, accessories and hardware of
furniture, roofing tiles, etc.On the demolition sites, it is very importato maximise the quality and quantity

of recycled aggregates and gypsum. In this respect, it should be establiststel separation and collection
plans/strategiesapplying effective practices for handling artdrage.

(iii) Recycling turns waste intanew products protecting the existing resources and reducing the environmental
impact of mining and manufacturing industries (e.g. tiles, asphalt, concrete, plasterboard, metals and metal
alloys, packaging, etdy.

(iv) Recovery e.g. material recoverybackfilling, gypsum could be used for the fertilizers and compost
production) or energy recovery (wood energy recovery)aroff-site).

Note on the recycling and recovery definitions:
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GThe main difference bewen recycling and recovery thughis final producz ¢ K A O K product,S A (i K S
material or substanc® 2 Nasté sering a useful purpose® | 2 6 SHSNE dzy RSNJ
Evaluation, Authorisation and Restriction of Chemicals (REACH) Regulatidio (E®X)7/2006, this
distinction is notYr RS® w9! /| wS3dzA I GA2y 2yfe& &aLlsSlria 27
Classification, Labelling and Packaging (CLP) Regulation (EC) No 1272/2008) obligations hence apply to
both recycled and recovered substanceshim $ame way as to any other materialith a number of
SEOSLIiA2y&d 3ANIYISR O2yRAGAZYLIEf&éd

SOURCE: https://thechemicalcompliancecoach.com/whég-the-differencebetweenrecoveryand
recycling/

(v) Disposal in a safe manner (ofite) by landfill or incineration of combustible waste.

13.2.3. ONSITE WASTE MINEATION/PREVENTIONARRICES FOR CDW

Onsite waste minimization practices are different for etnuction sites and fodemolition sites. However,
there are some general activities that are carried out in similar ways like:

- identification of specific components (reusable, recyclable, hazardous);
- prevention of waste contamination during handling;
- sorting/separation and storge.

The management of construction waste and demolition waste are slightly different in accordance with their
content/composition.

Onksite waste minimisation operations for construction waste

- reusable and recyclable waste identifica

- sorting andstoring¢ segregation of waste in large containers ggite, based on their subsequent use
or type of material; containers separate reusable materials and construction elements than can be sold
(e.g. furniture, appliances) or use-gite (.g. tiles, brick);

- provide adequate and safe storage to minimise the quantity of damaged matersitan

- prevention of materials damage, mixing or contamination during handling;

- processing ossite for waste reuse¢ some waste like slabs, tiles, pladieard:;

- processiig onsite for material recycling (esite) or transportation for ofkite treatment of some waste
like: concrete, plasters, asphalt.

0 size reductiorg e.g. by crushing, shredding;
0 size separationby screening;
0 compaction, using osite mmpactors;

0 storing onsite before transportation to an offsite treatment facility;
- on-site reuse of materials;
- use onsite the remaining soil;
- documenting methods to deal with the specific of wastes. [4]

On-site waste minimisation operations for demolitin waste

The hazardous waste minimisation operations has to be conducted in accordance with the type of waste. For

asbestos waste/materials:

0 asbestos surveys and reports are conducted by approved analysts prior to any demolition activity
commencing orsite;

0 materials containing asbestos are then removed by trained, experienced teams licensed by

companies;
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0 asbestos removal is undertaken in an isolated environment to prevent materials escaping and
contaminating the surrounding environment;
0 the hazardous mrials ae securely bagged and disposed of at licensed waste facilities.

For other hazardous waste/materiathe minimisation operations include:
0 identification and separation of nehazardous reusable and recyclable waste in the potential
contaminatedmixtures;
0 installation decommissioning and decontamination;site if it is possible.

After hazardous waste removal, decontamination-®te for some waste), industrial cleaning operations
are carried out by specialised companies [11]:

0 investigation ad analysis;

0 cleaning and making safe of plant, equipment, ducting, buildings and entire sites asbestos
removal;

0 tank and vessel cleaning;

0 high presste water jetting;

0 containment and secondary cleaning areas;

0 transportation and safe disposal of chemicdiapmaceutical and radioactive contaminants e.g.

toxic, corrosive, hydrocarbon. [9]

Before commencing demolition activities, the disposal of hazardous waste identified during the demolition
planning phase must be insured.

13.3. Practical Approach. Case studies
Bricks recycling

Watch the video below. It is briefly presenting a technology depesdidn China. It produced recycled bricks
(https://www.youtube.com/watch?v=K H840g9FR#Answer to the nexuestions:
1. Identify the equipment used on site.
2. For what type of waste the technology could be used and how the recycling products could be
valorized?
3. Make comments on the products quality. How are they related to the quality of the CDW?
4. Would that techndogy couldbe apply in your region/country or by your company? Comment the
answer and bring arguments.
You may watch herkttps://www.youtube.com/watch?v=kL PBaurtsHafother video that presenin more
detail, another recycled bricks, which is an unfired brick made of 90% recycled material.

13.3.1. GENERAL TREATMENIHMIQUES FOR CDW

The regulation and standards in the sector of raw materials are strong driving forces for a sustainable use of
resourcesgspeciallyin the field of CDW management. The main operations for processing CDW that have as
the main purpose preparation for valorization throughuse and recycling, are

- Size reduction/Crushing

- Size sorting/Screening

- Storage

- Magnetic separation foremoving iron and other metals
- Light fraction separation

The quantities of waste generated on construction, renovation and rehabilitsit@s are smaller than during
demolition, more diverse, but could be managed much easier. The main operations thaipatied in
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demolition activities are similar with those applied on constructiites, excepting the main step of
dismantling/demolition of construction. During these operations, a careful deconstruction of building
components for repair, reise, or recgling should be carried out. This stage includes dismantling, disassembly
and cutting onsite, and the associated operations of manipulation and handling; before any preparing for re
use, recycling or recovery, the following operations should be performed:

- removal of hazardous waste;

- sorting and storagef hazardous, reusable and recyclable waste;

- processing orsite for material reuseg e.g., some waste like slabs, tiles, plasterboard;

- processing orsite for material recycling or recoverge.g. for backfiing) ¢ some waste like concrete,
plasters, asphalt, includingjze reduction, storingndstoring.

13.3.2. INTRODUCTION TO DISWTLING AND DEMOION WASTE

Demolition is a process of breaking down buildings and other structures either manuaibng mechanal
equipment or explosives (to generate controlled implosions). If the demolition is not properly planned, the
recyclability of some materials will be compromised generating more debris and residues (see Module 3/LU3).

Dismantling (decondruction) includes planned operations that are appropriate for selective demolition aiming
to maximize the reuse and recycling potential for the building materials resulting during demolition.

Dismantling is seen as a partial demolition, i.e. the rem@fah component 6 a structure often with a
replacement by a new part (e.g. exchange of boilers). A relatively new term is deconstruction, meaning to take
a building or structure apart in order to preserve valuable elements faizeS 6 a AINB Sy[1I2RSY 2t A ()

To achievegjood results imecyclingof demolition waste, it is necessary to set the poemolition requirements
and to establish a recycling/recovery plan before starting the demolition process. The recommended technique
is theselectivedemolition and is structuredn four levels:

1. inventory of waste, setting its quantities and destination;

Before any other operation, the waste where there is a suspicion of hazardousness, should be tested in a
certified laboratory. The operations to b@erformed further on shouldbe run differently for identified
categories of waste (hazardous, contaminated hazardous and -+h@zardous) in accordance with the
national legislation.

2. use of proper dismantling and demolition techniques to be able to sépa@zardous components
as vell as those intended for rase or recycling;

3. avoid mixing of already separated fractions in the demolition zone;
4. use of suitable equipment for waste processing.

(For more information see LU3 of Module 3)

13.3.3. SORTING AND SAFEORAGE OF CDWSNE

- sotting and storage of reusable and recyclable wassegregation of waste ogsite in large containers,
based on their subsequent use or type of material; containers separate reusable materials and construction
elements tharcan be sold (e.g. furniture, apances) or use osite (e.qg. tiles, bricks);

- sorting/segregation and storing of reusable timber waste and sale it faseg

- sorting/segregation and storing of other reusable materials (bricks, roof, from demolition pfuassale
and reuse);

- separatirg metal waste using mechanical equipment and magnetic separators;
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- sorting paper and cardboard packaging waste;
- clean soil from excavation to be-tesed on or off-site. [13]

In order to increase the rates of preparing foruse and recycling, to enableghiquality recycling and boost
the uptake of quality secondary raw materials in CD sector, thsitengenerated waste have to be segregated
correctly, in accordance with European List of Waste, and to avoid mixing wastechsas possible. The CDW
shoul be sorted based on various criteria like materials/composition, size, and hazardousness.

CDW must be sorted and separated based on their similar composition/classification. It is very important to not
mix hazardous wastaith other waste, including othedifferent type of hazardous waste. The hazardous
properties of collected waste could be different and they are identify during waste audits before demolition.
Once the hazardous waste are collected they have to be sephfeden northazardous waste.

Thehazardous waste should be separated in different containers, based on their compatibility. On construction
and demolition sites different types of waste oil are collected in barrels. It is recommended avoid a potential
contamination by mixing them usingne barrel for all.

On the construction sites a special attention must be paid to the new materials and to those that could be re
used. They have to be store in weather protected areas, to avoid degradation during storagesland their
value.

13.3.4. PROCESSINENSITE FOR RESE AD RECYCLING

Some of waste could be recycled on tanstruction site(concrete, excavating soil etc.), but other waste, due
to different reasons, has to be processed and recycleditéfby specializedompanies of disposed.

Before sading wastes for recycling ewr off site, some information have to be provided to the site waste
register. They must be described in accordance with the national rules including those for shipment if they are
transport outof the site. Accordingly, theaste has to be named and classified in accordance with EU LoW and
waste classification code identified (including hazard, if any), the process and site where CDW were generated,
chemical and physical characterisation (eantamination with hazardous sutances) and any other particular
issues related to the shipped waste. Same requirements are requested before shipment of CDW to the landfills.

To achieve good results demolition waste recycling it is necessary to set pemolition requirements as
well as a preliminary program for the recovered materials before starting the selective demolition process.

A more detailed presentation of the esite treatment operations applied for mineral wagteocessing can be
find in the next Learning Unit (LU2).

Treatment options in recovery and recycling for various materials

Table 1 briefly shows some treatment options for main categories of CDW including hazardous waste. Most of
them can be rause andrecycled on site, excepting hazardous waste, and disposedlaht§jll or incineration

in accordance with their properties (composition, calorific value, etc.). For the hazardous waste the receiving
landfills are for hazardous waste. If the hazardoustesmsre properly treated and acceptance tests indicate
that the hazard of leaking or spreading into environment does not exist anymore, they could be disposed of in
non-hazardous waste landfills, in special cells, in accordance with the national legislatio

2YwS O 0t AYAONDYBENBR2F BEREOt Ay3I | OGADBAGAS
backfilling operations when waste substifi S& G NI RAGA 2yt YIF G§SNAI €
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Waste/Material

Table 1. Treatment option for CDWs (adapted fi@#])

Applications in the construction

sector

Treatment options

Concrete

Buildings, roads, infrastructure

ON-SITE/OFBITE: recycling into aggregates for road constructio

backfilling, recycling into aggregates for concrete productioryse
of precast elements (concrete blocks)
DISPOSAL: landfill;

Bricks, tiles and
ceramic

Brick: masonry construction
especially for building and

Tile: covering of roofs, floors and
walls

ON-SSITE/OFSITE: recycling (replace sand, gravel, stones, rocks
to fill roads, to produce tennis sand, to serve as aggregate in
concrete), reuse;

DISPOSAL: landfill;

Pavement for road construction and

ON-SSITE/OFBITE: recyclg in a stationary plan, isitu, recycling,

Asphalt maintenance material recovery;
DISPOSAlandfill;
Roof structure, building framework, ON-SITE{OF-SITE: recycling into derived timber products, energy
iz floors, doors, etc (OO
' T DISPOSAL: landfill; enemggovery/incineration
ONSITE/OFBITE: reuse of large plasrboards, recycling into new
Gypsum - plasterboards (in substitution of natural gypsum or In substitutior]
Buildings . )
synthetic gypsum);
DISPOSAL: landfill;
Iron Building demolition andenovation ON-SSITE/OFBITE: reuse and recycle ogite

Dangerous substances preseint CDW( especially in old

buildings

Ozone depleting
substances
(ODS)

Blowing agent for plastic insulating
material in buildings/building foams

OFFSITE TREATMENTWwakte: removal of ODS and recycling or r
use of other materials;

DISPOSAL: landfithcineration;

NOTE: Regulation (EC) No 2037/2000 on substances that deple
ozone layer include the requirements of the Montreal Protocol ar|
itsamendments. The ODS Regulation explicitly requires the recq
of ODS from:

- certain equipment such asfrigerators and air conditioning

equipment (Article 16(1) and 16(2).

- building foams (Article 16(3)

FyR adlids8a GKFEG h5{ Ay a2i(KS

Sljdaa LIYSyid akKhrftf 0SS NBO2OSNBR

Asbestos (in old

Nonriable asbests-containing tiles,
friable asbestos/insulation

TREATMENT of waste by solidification/stabilisation and, after
testing, disposal in hazardous/ndrazardous waste landfills in
special cells;

SRz containing asbestos, old PVC floors
DISPOSAL : in hazardous wéatelfills
Insulation containing asbestos, lead] OFFSITE PACKAGING TREATMENT and DISPOSAL of the haZ
Lead . o : . : )
paint, stabilisers in PVC residues in hazardous waste landfills
OFFSITE TREATMENT of waste: can be treated by removing th¢
Treated wood and insulation panels contaminated surface area and then recycled by reintroducing th
containing phenol in the manufacturing process.
Phenols

Contaminated wate

OFFSITE DISPOSAL: Other CDW contaminated with phenols is
disposed of in landfills after treatent.

Polychlorinated
biphenyls (PCBs
(in old buildings
and existing big
equipment on
demolition-
sites)

Potential sources: Paints, sealants,
mastics, adhesives containing PCB34
old out of use equipment on
demolition-sites

OFFSITE TREATMENT of waB&camtamination i.e.
dechlorination, which is the treatment for the chemical
decomposition of organic molecules containing chlorine ;

DISPOSAL: Combustible CDW contaminated with PCBs can be
incinerated (in hazardous waste incinerators with special fae g
treatment);

Note: Directive 96/59/EC on the disposal of PCBs mandated thaf
Member States had to dispose of big equipment (equipment with
PCB volumes of more than 5 litres) by the end of 2010 at the late
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Polycyclic OFFSITE TREATMEIWRHS containing wasteSuch waste are

aromatic generally mixed with other products during the demolition step a

hydrocarbons landfilled. PAHs contaminated CDW are disposed of in hazardoy

(PAHS) waste landfills. Leachate from landfills may conta&HB and are

(old buildings) treated to avoid contamination and can also be incinerated (with
special flue gas treatment).

13.4. Practical Approach. Case studies

Plasterboard recycling

The videdttps://www.youtube.com/watch?v=0JgrydB52tigtroduce the Nottingham (UK) center recycling
gypsum collected from construction sites.
A similar system is presented hdréps://www.youtube.com/watch?v=1wNzY07n0Zk

Please answer to the following questions:
1. There are any similar installation in your region/country?
2. What is your opinion about the collection system for gypsum waste?
3. What are the impurities contained by the plasterboard waste and how are they rer?oved

13.4.1. TREATMENT TECHNIQOESPECIFIC WASTE

EU reported data reveals that the high recovery of CDW is based, to a large extent, on backfilling or on low
grade recovery, e.gising recycled aggregates from the mineral part of CDW on applications such asiboad
bases. Consequently, the intrinsic value of the materials CDW is diminished, recycling is not performed in closed
loops (i.e. recycling and reusing products without eral loss) and its qualitative aspects are not addressed.
The operations of recycly, backfilling, energy recovery, incineration and backfilling of the mineral part of
construction and demolition waste presented as percentage of total treated wasteréFigu
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80%

60%
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20%

I recycling mineral part of CDW (% of treated waste) irofeain countries in 2016. Energy recovery indicates using the energy content
backfilling of the waste, while incineration aims only at thermal treatment of the waste. SOURCE:
energy recovery |ww.eea.europa.eu/themes/waste/wastenanagement/constructiorand-demolitionwaste-challenges

I incineration

B 'andfill and other  €fly address songpecial issues related to CDW: CDW in landfills, hazardous waste and

pbackiling.

13.4.2. BACKFIIING

The Commission Decision 2011/753/EU establishing rules and calculation methods for verifying compliance
with the targets set in Article 11(2) of Directive 2008/HC of the European Parliament and of the Council,
define backfilling.

For clarificatiorof some concepts, more definitions (i.e., municipal waste, construction and demolition waste,
the final recycling process, and backfilling) was included in Dir&2@i@8/98/EC by the amending Directive (EU)
2018/851.

Backfilling definitions

Any backfilhg operation has to comply with the recovery definition by replacing other materials or being
prepared to fulfil a particular function. Associated with the term kfdling is the notion of a permanent
placement of the material on/in particular sitesjstnot intended be returned to the economic material cycle.

According to theCommission Decision 2011/753/E8 I O] TA d f R § B RyesiRerydperation ahere

suitable waste is used for reclamation purposes in excavated areas or for engineepgoggsun landscaping

and where the waste is a substitute for rmaste materials ® Ly (GKS NBZAAaSR 2+ 4d04S CN
the definition of tackfilling is strengthened that waste used for backfilling must be limited to the amount strictly
necessay to achieve those purposes, which might limit the amount of material that will be reported as being
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backfilled in the future. Backfilling can be cutesed low-quality recovery as it replaces a natural resource
(soil) that is abundant without high eneinmental impacts from its productiof23].

Directive (EU) 2018/85bf the European Parliament and of the Council of 30 May 2018 amending Directive
200898/EC on wastamended in Art 3he following new definitions:

Wup lad&w |l G SNRAF £ NB O2 @ SmbpérativhSdthgrihan: eyieigy d@®y @nd the reprocessing
into materials that are to be used as fuels or other means to generate energy. Itésclunder alia, preparing
forredza Sz NBOBOf Ay3d IyR o0FO]FALEAYIATQ

WuTlad | O1 FAL f Ay 3¢ op&dtion avhete $utablbl Bobez atuBusvaste is used for purposes
of reclamation in excavated areas or for engineering purposes in landscaping. V¥adté&u backfilling must
substitute nonwaste materials, be suitable for the aforementioned purposes, laadimited to the amount
AGNAROGE e ySOSaalNeE (G2 OKASEGS (K2asS LlzZN1L}R2aSaQo

Figure 4. Concrete waste processed and used as backfilling on a conssietinrRomania (taken by Rodica Stanescu,
2021)

Backfilling means the process of reusing or replacimg goil that is removed during the excavation of
foundations, ground bearing slabs or other groundworks to support and strengthen a structure. Ittgrote
foundations and forms part of the substructure of slabs, roadways, walkways and other groundwoentiem

[24]

Activities within the scope of WFD backfilling include four categories for which the suitability of use for recovery
of waste code 17 05 08oils and Stones (i.e. not included in WFD 70% target) is rated as high [4].

Reclamation of excavated aes (in construction)} construction earthworks.

Reclamation of excavated areas (mines and quarrietile commercial extraction of minerals from minasd
quarries, i.e. mining and quarrying, also creates voids.

Landscape engineeringconstruction works ér shaping of the land around a building project to improve the
visual appearance the area and to provide privacy or to reduce nb&®iscape engineering may also be
undertaken as part of the final restoration of landfills.

Covering landfills takes pl&e during the final restoration works on a completed landfill.
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Source: Deloitte (2017) Study on Resource Efficient Use of Mixed sWhmgroving management of
construction and demolition wasteFinal Report. Prepared for the European Commission, DG ENV.

Backfill can be made up of, or can be a mixture of imported soil, rocks and stones depending on the structural
requirements. The neetbr backfilling will be established during ground investigations which will also be used
by the engineers to formulate design. Backfill is quantified in®m

0 backfill with excavated materiakthe same soil that was removed during excavation;
0 backfill with imported soil;
0 a mixture of imported soil, rocks and stones depending on the structural requirements.

During the excav#on process, excavated soil is set aside for later use. Once foundations or other concrete
works are complete the previolysset aside soil is used to backfill the foundation or other structural areas.

Excess sorhight be taken away from site or setdsifor use in other parts of the project at a later stage. When
excavated material is set aside for later use it shoulgtmected from spreading osite after strong rains.
Excavated material should be stockpiled according to class or type of material.

The site parameters, soil type and design will dictate whether backfill with excavated materials is possible. For
example some sites might be so confined that stockpiling is not be a viable option.

13.4.3. PRACTICAL APPROACASE STUDIES

Hazardous waste on cotrsiction sites

The research report Hazardous substances in construction products and materials [24] is a guidance document

GKFdG aFAyYa G2 3IAGS Ly 20SNBASg 2F LRGSYyGAlf KITIFNR
when appearing as wastheed attentio during renovation and demolition activities. Focus in this guideline is
2y KFET I NR2dzA &dzoaidl yoSa NBIdzZ I SR 6& 9! 2N AYyGESNyL!

1 Hazardous substances could be contained by both waste and productisoshug that youwork on a
construction site, please make a list of 10 substances that are contained by the construction waste and
products and the hazard they posed.

2 What are the main differences between constriction waste and demolition waste?

13.5. Evaluation
Q/A test-10questions of Multiple Choice

1) Name the operations that a carried out in similar ways on construction and on demolition sites
A.
B. wsbestos identification and management
C. on-site reuse of hazardous waste.
2) Duringdesign stage, some of the important ways of waste mitigation are
A. avoid design large buildings;

3) The waste (base material) resulting froexcavatbn process should not be mixed if:

B. the calcium content is high;

4) Classification codes of waste (based on European waste codes) are used in various activities like:
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5) The final product of a recovery process are referring to
A. products, materials or substancefhether for theoriginal or other purposes;

C. waste that are used to produce energy with low CO2 emissions.

6) Backfilling is a recovery operation that is applied more frezntly:
A. on the construction site using the waste generated on site;
B. on the ®nstruction site using mixed waste generated in other location, on a demolition site;

7) Hazardof a particular waste is given by:

B. number of hazardous substances contain by waste

8) The asphalt from road construction and maintenance could be treated
A. In special chemical installations;

C. recycling as a backfilling in nérazardous landfills.

9) Construction anddemolition waste have be sorted based on various criteria like:, size, and.

1

C. degree of obsolescence.

10) Before deconstruabn of building components for repair, reise, or recycling (dismantling,
disassembly andwiting on-site, etc.) the following operations should be performed:
A. processing the concrete/bricks waste;

C. sotting and storage of reusable and recyclable waste.
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14 Requirements and procedure for esite reuse and recycling ohineral
materials from CDW activities

General Description

Acquiring knowledge about the requirements and procedures fosite reuse and recycling of mineral materials fr
construction and demolition activities. The participants will acquire Hasievledgeabout mineral CDWs as well as th
processing and preparing for recovery and recycling. They will also learn about the quality requirements for miner
intended for reuse and recycling, processing installations as and treatment of minarardousvaste.

Learning Outcomes
Upon successful completion of the Unit, the learner should:

Good knowledge of the practices that must be developegivain relation with mineral valorisatid
of CDW waste

Good knowledge of the mairequirements canected with quality criteria of mineral CDWs for
use and recycling
Ability to correctly identify mineral waste from construction demolition activities

Knowledge

Skills . ’ .
Ability to correctly select the treatment options for mineral CDW

Improvementof and technical skills to use mobile recycling installation for mineral waste proc
on-site

Improved perception on the impact of mineral hazardous waste (asbestos) on health and sa
the site and on thenvironment.

Delivery and Assessment

Competences

The unit will be delivered through: The unit will be assessed through:
Discussions 9EIF YAYLFGAZY
Handson hNI f SEFYAYLGA2Y k SESNDAAS
Lessons t N22SOi
etc.. Written exercises / test
14.1. Introduction

This chapter contains information about the nbazardous mineral constructioand demolition wastes
(CDWs) i.econcrete, bricks, tiles and ceramics, etc. and mixtures of these matdr@ishis type of CDWs are
presented the technologies used for th@rocessing and preparing for recovery and recycling, in mobile (on
site) ingallations or in CDWs recycling plants.

The chapter also contains information about asbestos containing wastes (classified as hazardous mineral CDW)
i.e. health hazard associatedth this type of waste, sources, potential exposure of workers and pojpumatis
well as several treatment options.

Landfill restrictions and requirements for mineral CDWSs transportation are also briefly described in this LU.

14.2. Theoretical approach

14.2.1. MINERAL MATERIALS FROM/XZCBECTIVITIES

Mineral waste materials on construction andemolition sites. Examples.
Mineral CDW holds the highest shear in the total CDW amount in the total waste generated in EU. The mineral
CDW are considered those waste which contains mainly inorganic compounds.

The mineral CDWs can be classified, in atamee with their reactivity ad hazardous properties, in:

- AYSNII 6 KA @Qaste that doésknSt uridebgd any significant physical, chemical or biological
0 NI y & F 2 NOOundil Diteghivdes1999/31/EC); e.g., concrete, bricks, tiles, rocks etc.;
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- non-hazardous/nonrinert -that in ©me special conditions can react with other waste, water or oxygen
from air; Example: gypsum, which can generate a smelly toxic gas (hydrogen sulphide) if stored together
with organic waste;

- hazardousthe main hazardous mineranaterial/waste that can bédentified mainly on demolition
sites is asbestos. Asbestos fibers are carcinogenic and will be further presented in this learning unit.

The nonhazardous mineral CDWSs can become hazardous, if (Symonds, in association wig SR® and
PRC Bouwcentrunfebruary 1999):

- the building materials, originally used in the construction, contained a high proportion of hazardous
substances such asbestos, lead, tars and certain types of paints, adhesives, bonding agents and
plastics;

- the environment in which thduilding has operated for a long period of time (years) contained
hazardous substanceBor example, in a factory where surface reactions between the originally non
hazardous building materials and chemicals (associated Wélindustrial processes) reléed in parts
of the building (floor, ceiling, walls, etc.) becoming hazardous;

- if nonhazardous mineral CDW came into contact with hazardous waste or are mixed with hazardous
substances during demolition operation or storag@¢kpiling).This can happen

o if the hazardous construction elements (for example asbestos insulation) are not removed
before demolition;

o hazardous and nchazardous CDWs are stored (stockpiled) together. For examplelased
paint tins are stored 0 a pile of concrete anfricks.

Themineral wastegenerated during the demolition and construction operationssite can contain various
types of CDWSs depending on source:
- CDW resulted from buildingsexcavated soil, concrete, bricks, tiles, ceramibrie rocks, glass and
gypsum products etc.
- CDW resulted from roads (construction and maintenansand, soil, construction rocks, concrete, etc.

The nonhazardous mineral waste can be used on site for engineering backfilling or landscaping or can be
processed orsite oroff-site by mechanical crushing and sorting.

Mineral waste separation, storage and sorting procedures

The nonrhazardous mineral CDWSs can be sorted in various waste streams on the construction or demolition
site (onsite sorting) if the neessary space isgponible on site. Alternatively, the mixed CDWs resulting from
demolition, can be transferred to an edite sorting facility. When site conditions allow it, the-site sorting
should be prioritized over external (effte) sorting, dugo the greater enironmental benefits of the first
option (LopezRuiz, et al., 2020).

The sorting (orsite or offsite) aims to separate the recyclables CDWSs, which can be reprocessed into
products, materials and substances whether for the original oepthurposes. In tis respect therecyclable
mineral CDW fractionghat should be sorted and collected separately are (European Commission, September
2016) (Deloitte, 2017b) (Gypsum to gypsum, 2021):

- soils (excavated), waste rock materials or fragmentstzotenasphalt;

- concrete, bricks, tiles and ceramics as well as mixtures of concrete, bricks, tiles and ceramics, which

after adequate processing can be used as recycled aggregates for roads, drainage and other
construction projects.

On the opposite sidghe COV residues containing materials with various properties (such as gypsum, concrete,
gravel etc.) which cannot be separated/segregated with the usual technologies, or the separation is not
economically feasible are considerték nonrecyclable CDW.
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Also,CDWs including the CDWSs wastes or the streams severely contaminated with hazardous waste are non
recyclable. In this case, these wastes should be treated and landfilled in special landfills. In some cases, these
wastes can be thermally treated ordineraed (Deloitte, 2017b).

For contaminated soils (from industrial sites or accidentally contaminated due to improper management of the
material onsite) the treatment can be performed esite (for large areas/quantities) or afiite.

Particular atteion should be paid to theroper storage of reusable and recyclable CDW.

CD waste can be stored in stockpiling (pile for the storage of bulk materials) or in metallic containers, depending
on the amount and types of generated wastes (Leopold, et al.1201

- for large amounts of volumous mineral CDWs (such as concrete, bricks, tiles waste, rubble, etc.) the
storage can be done on the site in stockpiles (near the demolition site);

- the processed/treated mineral CDWs (crushed and sorted) should be stospacial designated areas
in stockpiles or in metallic containers;

- the reusable/recyclable CDWs, should be stored in a special designated zone, in piles (for example
reusable bricks) or in metallic containers (gypsum board waste, etc).

The keyfactorsto be considered for theelection of temporary storage and stockpiling zones are (Leopold, et
al., 2011):
- the area of the storage zoredepends on the dimensions/area of the site and the amount of generated
wastes;
- access for the transportation vehiclesit should be accessiblerespective the weather conditions
(unfavourable weather conditions).

Storage orsite can only be done for a limited period of time i.e. one year before disposal and three years before
recycling (European Commission, Septembe&r6}0

Other factors which should be considered when mineral CDWs are storsiteoare related @ (European
Commission, September 2016):

- the length of time materials will be stored;

- the location and climate of the site (ground waters in the proximityhs surface and hydrological
conditions)g important for CDWs stored in piles (stockpiles);

- securty and safety aspects such as prevention of unauthorised accesstepnsafe handling of
equipment in small places, prevention of exposure to hazardous nadgegtc.

Processing and preparing for recovery and recycling of CDWs. Mineral hazardous waste
treatment.

By processing and recycling, the concrete, bricks, tiles and ceramic wastes can be turned integaaiityd
product, which can be reused and théwee has a value, so profit is created.

Currently, the main technology used for th@neral CDW processing consists mainly in:

1. mechanical or manual sorting on site
2. crushingg reducing the size of large mineral CDWs
3. screening; separation/sorting of granar material in various size fractions.

Crushing and screening operations can be performegits(mobile plants) and offite (fixed installations).
The keyfactors which should be considered when choosingsite or oftsite processing of the CDW are
presented in Figure 1.
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Figure 1. Advantages and disadvantages obit@ and offsite mineral CDW processingdapted from (Symonds, in association with ARGUS, COWI and
PRC Bouwcentrum, February 1999)
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Sorting of mineral waste
Sorting onsite can be performed:

- for removing iron and other metals using magnetic separators;
- for separation andemovalof light fractions (such as polystyrene, wood, plastic, paper etc.) using air
blowers.

Crushing

The crushingan be performed wit impact crushers or compression shers (i.e. mobile jaw or cone crushers);

this equipment can be used to reduce the size of mineral granulated waste, up to sizes suitable for processing
with secondary crushers or for direct use for the crushing of @aggregates (Figure 2).

The crushes can be equipped with wheels or tracks. The crushers on tracks have the advantage to be able to
move onsite as close as possible to the mineral CDW stockpile while the crushers on wheels are cheaper and
lighter (RE 42017).

Impact crushersmash the meerial/waste by collision with a fagbtating cylinder equipped with steel

bars against a cylindrical wall (impact plates). This type of crusher can process all types of mineral CDWs
except very hard stones. Grain sigethe output material can be contlied by the gap between the
cylindrical wall (impact plates) and steel bars (RE 4, 2017).

Cone crushersompress the feed material between a stationary piece of steel (bowl liner) and an internal
moving piece of steehfantle) which gyrates in an eccemtrinotion; the final product size is determined

by the size of opening between these two pieces of steel. This type of crusher can process hard materials
below 160 mm and the final particle distribution of the output miadis between 0/12 mm to 0/60 mm

(RE 4, 2017).

Jaw crushersnay process very hard materials as well as large blocks. This type of crusher compresses the
feed material between two plates (one fixed and one mobile). The gap between the fixed and impact
plates can be modified therefore contitong the grain size of the output material. Jaw crushers produce

a wide range of particle sizes therefore a screening is necessary to obtain recycled aggregates with a

139



Co-funded by the CONSTRUCTION
Erasmus+ Programme Demolition Waste

of the European Union

required particle size distribution. Jaw crushere aot recommended for CDWs whichntain asphalt
and gravel (RE 4, 2017).

As an example, a mobile crushing installatioonsists of a hopper, which receives the rocks to be crushed and
which allows the storage of enough material so that the loader cailyeasmnoeuvre in the storage yard.
Located under the hopper is a vibratory feeder, mounted on helical springs that cushion the impact of the rocks
when they are deposited in the hopper and that has a grating with adjustable openings that allows to separate
the fine sizes that are harmful tthe jaw crusher. The feed rate is electronically controlled to achieve a
continuous, more efficient process and to extend the life of the components. The rocks rejected by the grating
are delivered to the jaw crusher, toe reduced in size according to tleosure of the crusher. The crushed
materials are received by a conveyor belt that removes them from the discharge of the crusher out of the plant
(Ingenieria Beaucomp, 2021).

Figure 2. Mobile crusher (sourtetps://pxhere.com/en/photo/122100%

Learn more:

The movie (5:02 minutes) presents the operation of a mobile impact crusher ussiteato reduce the size of mineral
CDWs. The mobile crushereguipped witha magnetic separator for the removal of metal fragments.
Rockster R1000S Mobile Impact Crusher / CDR / Mobiler Prallbrecher / Bauschutt / Recycling

https://www.youtube.com/watch?v=cjYNkoONOxI

Screening

The screeningf crushed mineral CDWs Bpplied toobtain a narrow size range of the empdoduct. The
operation is applied to crushed concrete and broken bricks processed for recycling, as well as for aggregates or
soil size sorting.

Types of screening equipment used for classification ofigea (crushd) mineral waste are mobile drums
screens and flat screens.

LY I Y20AfS RNHzY AaONBSYy O0aNRUINEB GNRBYYSt aONBSy:¢o
of a cylinder made of grid/sifting mesh. The rotation of the inclidedm determnes the movement of the
material along the length of the screen; the fraction with sizes smaller than the sieve openings are collected by

a conveyor belt and the larger fraction moves along the drum and are collected by a second convegor belt
directly dscharged on soil in a stockpile or in a large container.

The mobile flat (linear) screens can have one or more screens (with different size opening) installed in a screen
box which is inclined and vibrates.
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Learn more:

Thefollowing movie (3:09 minuteg)resents the operation of a mobile drum screen used for the screening of granular
material.
McCloskey 621R Topsoill

https://www.youtube.com/watch?v=GyY66FDHmMPs

In the following movie (2:24 min) is presented an equipment wigsigh be used for the procesgjrof a large range of
granular materials (including mineral CDWSs).
Powerscreen Warrior 2100 Screen

https://www.youtube.com/watch?v=50NFAgZl

The following three technical levels are generally used for mineral CDW managéPaehecel orgal, et al.,
2013):

Level 2the main equipment consists of a mobile crusher and a screening equipment;

Level 2 level 1 plus metal collector and more complex screening equipment;

Level 3 level 2 plus hangorting, washing plant and apahces for waste streams, oth#ran aggregates such
as wood.

In most of the cases the technical level of mineral CDW processisgeois of Level 1 or Level 2. Level 3
technology is mainly applied in edfte stationary processing plants.

A treatment line for mineral CDW (concretlles, ceramic, bricks, and xtires of these materials) in a
stationary plant(Figure 3), can consists of the following operations (Symonds, in association with ARGUS, COWI
and PRC Bouwcentrum, February 1999) (Barbudo, et al., 2018):
A. PreTreatment¢ aims to decrease the volume of large elements; it can be performed with a demolishing
or vibrating hammer.
B. Preliminary treatment
pre-screening (sieving) applied to remove the fine fraction;
coarse fraction goes to the crusher;
resulted crushed materias sitbmitted to magnetic separation to remove ferrous metals;
resulted material is classified (screened) in various fractions (according to demand);
removal of light materials (plastic, paper or adhered fines) can be done with a blower or hydraulic
washe.
C. Seondary treatment
To obtain various well graded fractions of recycled aggregates a supplementary comminution operation
can be performed.

ahrMwnpE
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Figure 3. Main operations in a mineral CDW processing plant

Learn more:

The movie (3:13 min) presents an-sffe recycling plant for mineral CDWs. The magiiipmentand operations (crushing,
magnetic separation, screening, washing and light materials separation) are presented in the movie. The water used for
the aggregate cleaning and light materials separationgated in a thickener tank. The water is mixed watifiocculant
polymer which forces the fine particles to settle at the bottom of the tank and the clean water (separated at the surface)
overflows a weir and is rased in the plant (90% or water is-used.

250TPH CDW Recycling Wet Processing Plant imvBpr

https://www.youtube.com/watch?v=Ep78GUvtXUk

There is a high potential for neése and recycling of processed mineral CDWs. The recycled aggregates resulted
from the processing (crushing and screenioignineral nonhazardous CDWs can be usethimdscaping, road
construction (pavements, unbound sdilase and base layers, hydraulically bound layers) as well as for the
manufacture of cement, cementitious mortars and concrete (Silva, et al., 2014).

Anothea CDW wastenfineral, noninert) that can be e-used or recycled consists gfpsuntbased materials

Plasterboard (also called drywall) is a durable product, therefore not damaged panels/boards, can easily be
reinstalled (reused) (Galveédartos, et al., P18). Also, this product can incorporate up100% of secondary

raw materials such as FGD gypsum (resulted as gomduct in flue gas desulfurization process) or gypsum
reclaimed by the processing of plasterboard waste.

The processing of plasterboardaste can produce gypsum of high quality, whidn be reused in new
plasterboard manufacture as well as raw material for cement manufacture or for soil improvement in
agriculture (GalveMartos, et al., 2018).
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Learn more:

The movie (1:39 min) presentisé equipment used for the processing of wastataining gypsum (plasterboard/ drywall/
wallboard). The main operations applied for plasterboard processing are comminution, separation of cardboard from
gypsum core of the panel and removal of the light fii@t (cardboard) by pneumatic separation orscreening.

Gypsum Wallboard Recycling with Turbo Separator

https://www.youtube.com/watch?v=2KLxm30eXo

14.2.2. QUALITY REQUIREMENND PROCEDURES
Quality requirements for mineral CDW for 1gse

The reuse of any dtuts that do arise during the construction when usingsité fabricated and standardised
building elements can help to prevent waste. Also, if some materials are in excess upon the completion of
construction activities, instead beingpnsidered waste itould be used in another construction site in the
proximity of the first one (to avoid the supplementary costs and environmental impact of transport). In general,
these building materials (existing in excess) fulfil the quality requéwds for their deginated use (Deloitte,
2017a).

For the construction materials/products reclaimed from demolition operation, their quality is difficult to be
assessed and quantify. To mitigate risk, it might be better to limit these of structural Ements. (Deloitte,
2017a)

According to Brick Development Association (BDA) (Brick Development Association, 208e eickdin

ySg 02y a GatimyiiredRty BeBtestédd and specified to confirm they are suitable for the purpose
AYiSyRSR¢

To reuse of old bricks othose reclaimed after demolition, the mortar adhered at their surface should be
removed. This processing can be done manually but is labour intensive. REBRICK project presents a technology
which exploits the important potential recyglid 2 ¥ 2 thrRughbabitBn@tedisoriing of demolition waste,

separation of old bricks and cleaning using vibrational rasping, making each brick readyiéet re 6 w9 . wL /
2021).

Quality requirements for mineral CDW for #¢se and recycling

Article 11from Waste Framewqr 5 A NBOGA DS 062 C50 H nMeybersyate® shall fakeA LIdzt
measures to promote high quality recycling and, to this end, shall set up separate collections of waste where
technically, environmentally and economically practieabnd appropriate d meet the necessary quality
standards for the relevant recycling sectors

Article 6 of the WFD 2008/98/EC stipulates the situations when certain types of waste cease to be classified as
graidsS YR |INBE O2yaARGBSNBERI IINE RidZ04 dzat B i@l &dX waskeyhRs
undergone a recovery operation, including recycling, and complies with specific criteria to be developed in
accordance with the following cumulative conditions
a) A0KS adzomaidl yOS 2 NJ @ speclicpiirposes O2YY2yf & dzaSR 7T
b) a market or demand exists for such a substance or object;
c) the substance or object fulfils the technical requirements for the specific purposes and meets the existing
legislation and standards applicable to products; and
d) the useof the substance or obgt will not lead to overall adverse environmental or human health
impactsb €
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The conditions for the use of construction products and the requirements on the construction product are set
at national level (e.g. requirements in the i@tal EoW regulations)Quality control on input material is
addressed in the national EoW legislation (Deloitte, 2017a).

In 2016, several EU Member States (Austria, Belgium (Flanders), France, the Netherlands and UK) had
introduced national legislation garotocols for CDW toaase to be classified as waste (Deloitte, 2017a).

Scottish Environment Protection Agendy 9 t | & (i A |Rdefydled Aygrégite (RA) will normally be
regarded as having ceased to be waste, and therefore no longer subject tomestgement controls, :if

- Through clear waste acceptance criteria, inputs are limited to the specified inert wastes and we
controlled.

- The aggregate is produced under Factory Production Control as required by the European star

- It conforms to the requirements of the appriate specification for the use for which it is destined.

- Itrequires no further processing, including semuction, prior to final use.

- ltis dispatched from the site for a certain dse &

ORA producers should comply with all the requirements of 88NBstandard appropriate for the use for
which the aggregate is destined. The requirements for evaluatioorddamity from the relevant BEN
apply in all caseB ¢

SEPA Guidance for recycled aggregates from waste [@&$% 0 u @S NEXSEFA2043) u Z € ¢

If awaste-derived aggregate (recycled aggregathievesEoW statusit will become a constructioproduct

and will be regulated by the Construction Products Regulation. If a harmonised European product standard
SEA&GAZT (KS Qireindiis Gefifediih £dndtrGeiiod ProdBdis Regulation must be tested with
common methods and the Attestation 6f 2 Yy F2 NX¥A (& aeadsSy oalaasSaavySyda |
LISNF2NXYIFyOSeé0 F2N ALISOATAO O2yaidiNBapiArAzy LINRPRAzOG& Y

¢KS 'aaSaayYSyid FyR =SNATAOLI (A Bghamndnizédzystadefinifighéw
to assess products and control the constancy of the assessment results. This system safeguards the r¢
and accuracy of the Declaration aérfformance.
Five different systems are in place for construction products in the ConstruaithucrRegulation. They
range from largescale thirdparty involvement to selfleclaration and monitoring by the manufacturer. The
European Commission estabkshwhich systems are applicable for:

- aconstruction product;

- afamily of construction products;

- an essential characteristic.
The harmonised technical specifications (harmonised European standards and European Assessment
Documents) include the technicalbek £ & F2NJ G KS AYLX SYSyidlFrGAzy 27
European Commission, Assessment and Verifitafic€onstancy of Performance (AVQ@RJropean Commission, 2021

The most important characteristics of the aggregates are communicated to the benefitipideslaring them

in the CE conformity marking and in the Declaration of Performance whichthexgeith the Certificate of
Conformity, are associated with each product separately (Deloitte, 2017a). The way of using the aggregates in
different applicatiors, should also fulfil the requirements of national provisions, mandatory norms, regulations
andstandards (if applicable).

For technical properties, all Member States refer to the harmonised product standards.

Some examples or European standards relevanthis topic are:
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- EN 12620+A1:2008 Aggregates for concrete. This standagkcifies the properties of aggregates and
filler aggregates obtained by processing natural, manufactured or recycled materials and mixtures of
these aggregates for use in coats.

- EN 13132002 Aggregates for mortar. This European Standgpdcifies the properties of aggregates
and filler aggregates obtained by processing natural, manufactured or recycled materials and mixtures of
these aggregates for use in mortar.

- EN 13055:@16- Lightweight aggregated.his European Standard specifies preperties of Lightweight
Aggregates and fillers derived thereof obtained by processing natural or manufactured materials and
mixtures of these aggregates for concrete, mortar and grouturbihous mixtures and surface
treatments and for unbound and hydrhcally bound applications in construction works.

- EN 13242:2002A1:2007- Aggregates for unbound and hydraulically bound materials for use in civil
engineering work and road construction

- EN133831:2002/AC:2004-Armourstone- Part 1:Specification

- EN 1350:2002- Aggregates for railway ballast

- EN 13369:204- Common rules for precast concrete products.

The Technical Body of the European Committee for Standardization CEN/TC 154 (CENIUZ1),5gublished

in 2020 the standard CEN/T3438:2020, Source materials considered in the development of the Aggregate
standards of TC 154. This document informs users about the source materials that have been considered in the
development of the aggigate standards: EN 12620, EN 13043, EN 13MN823E42, EN 13388, EN 13450, EN
13055. Only source materials with a history of use in one or more member states are included in this document.
It also specifies source material with a history of use forstt@pe of only one specific aggregate standard.

National standards or regulations referring to CDWs are also in force in most of the Member States. More
information regarding the relevant national legislation in France, Greece, Italy, Spain, Portugairearddrare
available in Module 1.

Given the imprtant influence on the properties of recycled aggregates (RA) of the composition of mineral
CDWs processed to obtain them, the followicigssification is presented in scientific literature (Silva, et al.,
2014) (Giorgi, et al., 2018):

1. RecycledConcrete Aggregates; RCA(Figure 4) with a large concrete content, results from the
processing (crushing and screening) of concrete waste, which represents an important component of mineral
CDWs. Concrete waste carsudt during the rehabilitation/demolibn of buildings or concrete roads (Figure 5)
or other construction and demolition activities.

Figure 4. Recycled concrete aggregateZ@0inm)
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,‘ N 2 7 a & i .
Figure 5. Concrete waste resulted during the rehabilitetiba concrete highway
(credit: Radu Gavrilescu)

2. Recycled Masonry AggregatesRMA(with a large bricks and mortar content) results by the processing
(crushing and screening) of masonry rubVasonry rubble is defined as a mixture of bricks, cement arort
and plaster (Figure 6). This type of waste can includetdéso blastfurnaceslag bricks and blocks, saliche
bricks, lightweight concrete blocks as well as mortar rendering (Silva, et al., 2014).

> - ’
r - g
? : : o ¥

Figure 6. Masonry rubble (sour¢etps://pxhere.com/en/photo/114569%

3. Mixed Recycled AggregatesMRA (Figure 7)- is composed of crushed and graded concrete and
masonry wastes. MRA maiso contairseveral other common CDW materials such as masbasgd materials
(ceramic, lightweightconcrete) (Silva, et al., 2014).
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Figure 7. Mixed recycled concrete aggregateZ@Gnm)
(sourcehttps://commons.wikimedia.org/wiki/File:Sheehan recycled2Dihm aggregate (7590397672).)pg

Special attention should be paid to the impurities wlihncan be found in recycled aggregates (RA) obtained by
the processing of mineral CDWs, especially those resuitorg the demolition of existing structures. The
presence in RA of impurities such as glass, gypsum, plastic, rubber, metals, asphalyewil, @ould severely
degrade the strength of the concrete made with this type of RA (Silva, et al., 2014).

The sandard EN 12620+A1:2008, stipulates the amount of component materials in coarse recycled aggregates
(RA), which should be assessed in acaocdavith the method presented in prEN 932 (Tests for geometrical
properties of aggregatesPart 11: Classificain test for the constituents of coarse recycled aggregate). For
example, the category Rc90 should contain an amount of recycled concretegatg (RCA) greater or equal

to 90%. The standard defines five categories of RA with a specified amount of REA (®&o; RGo; Reo; Reo;

RaGecared. Likewise, the categories Rb includes various amounts of aggregates obtained by the processing of
(DWs containing clalpased products (bricks, tiles), salohe bricks, lightweight concrete blocks.

The standard ERO06+A1, ConcreteSpecification, performance, production and conformity, presents in Annex

90 awSO2YYSYRIGA2y T2R) GRINBAKLI2F¢ ©D2¢ NE SNBBOOOE R
12620+A1:2008, are grouped in two types A and B. Typegfegates results by the processing of concrete
waste from a known source which contains a limited quantity of impurities (such as glassdtghals, asphalt

etc.). Type A recycled aggregates may be used in exposure classes to which the origine e@scdesigned

with a maximum percentage of replacement of 30%. Type B recycled aggregates should not be used in concrete
with compressivetsength classes greater than C30/37.
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14.3. Practical Approach. Case studies

Asbestos Hazard in demolition

Watch the nat videos. e

Asbestos hazards in renovations, restorations, an FIEALTIT AND SATETY

AUTHORITY

demolition
https://www.youtube.com/watch?v=PQd UDBp8nA

Homes built prior to 1990 can contain an invisible
hazard: asbestos. Thigdeo walks you through an older
home, identifying the most common placesastos is
found and highlighting the importance of proper testing
and removal.

Removing an Asbestos Roof is More Complicated Th
You Think.

https://www.youtube.com/watch?v=1rd1xB3J42E
If youcarry out repair, renovation or maintenance
works in older buildings read the information in this
LEAFLH®D find out more about asbestos containing
materials used in constructions.

Do you carry out repair, renovation or
maintenance works in older buildings?

If so, read the information in this leaflet....

It could save your life!

Asbestos Demolition on NataleBtreethttps://youtu.be/KLOU pddbc8

Demolition of house delayed over asbestos concelfrigps://www.youtube.com/watch?v=ei3SSgBnWpl

You can find here a history of UK asbestoshigss://www.youtube.com/watch?v=8Lg61910Dc&t=11s

Answer to the following questits:
1. Which is the most frequent construction/demolition waste that contain asbestos in your
region/country?
2. How asbestos could affect the human health?

14.4. Evaluation
Q/A ¢ 10 questions of MultipleChoices

1) Which are the main components of the mineral constitien and demolition wastes?
A. Concrete, bricks, tiles, ceramic debris
B. Wood
C. Plastic

2) Which are the mairoperations applied for the processing of nemazardous mineral waste?
A. Vitrification
B. Crushing & screening
C. Solidification/stabilization

148


https://www.youtube.com/watch?v=PQd_UDBp8nA
https://www.youtube.com/watch?v=1rd1xB3J42E
about:blank
https://youtu.be/KLOU_pddbc8
https://www.youtube.com/watch?v=ei3SSgBnWpI
https://www.youtube.com/watch?v=C8Lq6191oDc&t=11s

RACA Co-funded by the CONSTRUCTION
LR Erasmus+ Programme Demolition Waste
b of the European Union

3) The main advantags of processing mineral CDs-gite are :
A. Supplementanspace occupied by the machinery and processed CDWs stockpiles
B. Lower materials handling and transport cost
C. Lower machinery capital cost

4) Crushing of very hard mineral CDWs can be performed with :
A. Jawcrusher
B. Impact crusher
C. Cone crusher
5) Sorting on site of the mineral CDWs is performed to:
A. To decrease the size of waste materials
B. Remove metalliompurities
C. Remove light fraction (plastic, wood, paper, etc)

6) Recycled aggregates resulted by the processifignineral CDWSs can be valorised in:
A. Manufacture of bituminous mixtures
B. Manufacture of concrete
C. Subbase layers for roads

7) In order use therecycled aggregates (RA) obtained by the processing of mineral CDWs in road
construction RA should :
A. Meet the requiements of harmonised European Standards and specific national regulation and
procedures
B. Have a specified chemical composition
C. Be processedrmsite

8) Gypsum waste from plasterboard (drywalls):
A. Can be processed by crushing and sorting and recycled to mantdawtw plasterboards
B. Can generate smelly toxic gas if stored together with organic waste
C. Ifis found as impurity in recycletjgregates used for the manufacture of concrete could severely
degrade the strength of the concrete
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15.Selective demolition and Recycling Plan: Cogtsl &enefits.

Learning Outcomes

GeneralDescription:Acquiring knowledge of all types of demolition with a focus on the benefits and challenges
Selective Demolition compared to Conventional Demolition. Participants will learn to make a preliminlaingb
appraisal and a basic demolition planning esestimate benefits and costs of a selective demolition project an
scaling factors and learn how to apphe Life cycle assessment methodology as the ideal method for estimating
countifying séective demolition benefits

Upon successfudompletion of the Unit, the learner should:

Good knowledge of all types of demolition and their objectives and characteristics

Good Knowledge of the benefits and challenges of Selective demal@iopared to conventional
demolition

Good Knowledge of the Selective Demolition Planning Process

Good Knowledge of a Selective Demolition Cost breakdown

Good Knowledge of the rese, Recycling and Recovery strategies and the benefitsusing &DW
materials

GoodKnowledge of the Life cycle assessment methodology as the ideal method for estimating
countifying selective demolition benefits

Ability to assess selective demolition versus conventional demolition

Ability to estimate beefits and costs of a selective demolition project scaling factors

Ability to carry out a preliminary building appraisal and a basic demolition planning process

Ability to make a preliminary cost analysis faedective demolition project

Knowledge

Skills Ability to understand the Reise, Recycling and Recovery strategies in the framework of a
demolition project
Ability to apply a Life cycle assessment methodology as the ideal method for estimating and
countifyingselective demolition benefits
Improve the technical expertise and organizational skills and Implement-grittria decision

making ability for selective demolition projects

Competences Make a preliminary assessment of the challengeskmrkfits of a demolition project

Appraise and Prepare a $ia Plan for the selective demolition of a building

Make a preliminary cost analysis for a demolition project

Apply a Life cycle assessment methodology as the ideal methestiarating and countifying
selective demolition benefits

150



Co-funded by the CONSTRUCTION
Erasmus+ Programme Demolition Waste

of the European Union

15.1. Introduction / General description

This Unit will introduce Selective demolition ( deconstruction) as an innovative technique that can be adopted
and incorporated into strategies that aim to achée sustainability in construction and reduce the waste
generated. Traineewill acquire knowledge of the benefits and challenges of selective demolition compared
to conventional one and familiarize with its drivers and barriers. They will also qiated with a detailed
analysis of the Selective demolition planning mes, the cost breakdown of a demolition project and a detailed
description of the environmental and economic impacts of recycling C&DWaste. In particular, the Life cycle
assessmet methodology will be analyzed as the ideal method for estimating and tdginy selective
demolition benefits, in order to define whether the method will be the one chosen.

15.2. Theoretical Part

15.2.1. INTRODUCTION TO DENITION AND SELECTINAMOLITION

Influence factors and Demolition Criteria

Although the optimal solution for the envinmnent is to salvage all materials, this is not the optimal economic
solution for most starting deconstructions. The optimal economic solution results from many facorsoE

these factors changes based on location, building types, and regional marketsverall economic situation

plays a key role in implementation. The economics of the region, economics of the people in the region, and
the economics of businesses @k contributing factors. Following money, the influences most often heard by
busines are regulations, mandates, laws, and incentives. Without a legal or an economic push to reduce, reuse,
and recycle, the effort is often ignored.

Before selecting any pe of demolition technique, the demolition contractor needs to consider a set ofriatite

and assess their relevance to the demolition work to be undertaken in order to arrive at the most appropriate
demolition technique. Many factors have to be considemnedelecting the best techniques for the demolition
work, and require the demolitiorengineers to havenulticriteria decisionmaking (MCDM) ability Multi-
criteria analysis is one of the most common decissapport methodologies for the selection of deiition
technigues and CDW management methods. However, criteria that may be impavtarg particular
demolition project may not necessarily be so on another project. In practice, the decision arises from the
experience, skills and knowledge of the demotitengineer.

To this effect, Abdullah and Anumba (2002) developed a ruoritéria decisionsupport system by using the
analytic hierarchy process for the selection of the most appropriate demolition technique According to Abdullah
and Anumba (2002a), #re are six main criteria and several sub criteria, which affect the choice of demolit
techniques. The main criteria are:

- structural characteristics

- site conditions,

- demolition cost,

- past experience,

- time, and

- potential for reuse and recycling.

The selection of the most appropriate demolition technique for any project will be subjea unique
combination of criteria. However, the decisiamakers have to keep imind that health and safety is the
overridingconcern in the selection process.

Demolition Techniques
Three mairdemolition techniquesthat are used in building demolitn, are:
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1. Conventional/mechanical demolitionin which the building is converted into waste; It is also cited as
traditional

2. Complete selective demolitiomlso called deconstruction, in which construction steps are reversed so
as to recover as many mateisahs possible; or

3. Partial selective demolitionwhich is a combination of the other two above types (Kourmpanis et al.,
2008).

Conventional/Mechanical demolition

Conventional demolition, involves deliberately pulling down the building with powerfulpagemnt such as
hydraulic excavators and bulldozers, leading to destruction of the building in fairly quick time. Conventional
demolition normally results in a pile of mixed debris on site, which is likely to be sent to landfill due to its lack
of separationand contamination. As a result, material reuse and recycling is not likely to occur. Conventional
demolition suits the sitation of redevelopment projects with tight time and budget constraints. Most
demolition activities have minimal labour involvementtlwrelatively short project durations. Low labour
involvement is important as labour costs in most European countriesighe Nonetheless, heavy employment

of mechanical equipment leads to high plant costs for demolition projects. Larger landfilboosksw or zero
benefits from building material reuse and recycling also contribute to the costs profile for conventional
demolition

Conventional Demolition of a building in progress

Complete Selective demolitionDeconstruction

Complete Selective demioA G A2y Aa Ffaz2 (y2¢6y d aO02yadNHzOGAz2Y
process ofleconstruction of the activity that has led to the realization of the building. It consists consists in a
sequence of demolition activities to allow the septon and sorting of building components and valuable
building materials such as metals, windowsors, tiles, bricks, plasterboards, and so on (EU Construction &
Demolition Waste management Protocol, 2016)

However, at present, limited knowledge is knowafrhow to implementdeconstruction and what it costsand
available markets hinder its growth. i8e problems are logistical. Deconstruction requires that materials be
handled carefully, manipulated (e.g., denailed), separated, and stored. Many redeveibpites do not have
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enough extra space to accommodate these activities. The additional workdrsiraa required also make
deconstruction appear more costly than conventional demolition, particularly if longer term offsetting revenues
from recycling mateals are not considered

The practice of selective demolition facilitates the recycling of buildiagerials that can be stripped and
removed from the structure, before the demolition work is executed. The goal is to

(@]

facilitate recovery of construction ardkemolition (C&D) materials for beneficial reuse/recycling

Ox¢

minimize the burden on municipal lantiiand public filling areas by reducing overall waste generation,
and thus, benefit the environment

On an analysis on the composition of waste from variodsistrial or commercial demolition projects, it was
found that more than 90% of them are reusalded less than 10% should be sent to landfills (Franklin
Associates, 1998)

Most of the recovered materials may be sold or recycled depending on the circucestarf the job and the
market value of the products to be recycled, allowing savings from wasp®sial and landfilling charges and
reducing demolition project costs. In technical terms, selective demolition or deconstruction is generally
classified intdwo categories: demolition of structural elements and deconstruction of-simactural elements

(also known as sofstripping).

The main aims of this type of demolition are obtaining menaterial fractions suitable for the treatment in
special recyclintacilities, that allow the exploitation of waste as secondary raw materials; concretely increasing
the level of recyclability of the waste generated on the demolition site whatever it is the original configuration
of the building; maximizing the quality tife material obtainable from recycling.

Organised disassemibhy

Reusable matenals

- ‘ o Maternals
Reusable | p| Materals manutactured | | disposed in
materials recycled . materials landfills

Deconstruction material cycle

In the selective demolition process contractors should consider reuse of materials such as bricks, roof tiles,
timber, and fixtures and fittings, when using this technique. Thisrglre can be used, for example, as part of
renovation or modification work and tprepare the way for deliberate collapse. The elements to be removed
should be identified, and the effects of removal on the remaining structure should be fully understood and
included in the method statement, with the elements to be removed markeditm If instability of any of the
remainder might result in a risk to personnel on the site or to other people nearby, sections of the structure
should not be removed. The decdnsction can be done by hand, machines, bursting, or hot cutting.
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IMPORTANT NOTRVithout the implementation of selective demolition, all types of demolished matet
will be mixed together. As a good practice, they should be sorteditenand be sepatad into different
groups including broken concrete, rock, bricks, rubbles, dsphaft inert material and nofinert waste.
Sorted materials should be delivered to the recycling facilities as far as possible.

Partial Selective demolition technique

In general, partial selective demolition is a combination, in practical terms, w¥esgional demolition and
deconstruction. Deconstruction is, on the one hand, more environmentally friendly than conventional
demolition in terms of reusable and recyclableteréal potential, but partial selective demolition attracts less
cost and improve speed. In this case, partial demolition can be regarded as a compromise technique between
high and low demolition cost, high and low economic benefit on secondary builditeyials, as well as high

and low environmental impacts from a particular builgidemolition project.

16.Selective demolition versus conventional demolition: Benefits and
Challenges

Deconstruction Versus conventional demolition
Deconstruction of buildingfias several benefitoover conventional demolition that are:

0] increased diversion rate of Construction and Demolition Wastes (CDW) from landfill (Galvez
Martosa et al., 2018), and consequent land use preservation;

(i) valorisation of waste as secondary ravatarials consequentlyeducing the need of primary raw
materials;

(iii) enhanced environmental protection both at local and global scale (Kibert et al., 2001) by reducing
waste landfilling and the use of new materials;

(iv) reduction in overall demolition costs thugh landfillicharge savings and revenues from the sale of
secondary raw materials (Coelho and de Brito, 2011).

All these aspects lead to the perception of selective demolition as absolutely essential for a sustainable built
environment.

Deconstruction Beefits
1. Environnmental benefits

Deconstruction provides the following environmental benefits:
I.  Reducing the CDW stream, saving landfill space.
.  Saving natural resources that would otherwise be used, reducing the need for, and environmental
impacts of, mining athtimber-cutting.
lll.  Saving energy by reusing and recycling materials.
IV.  Reducing job site pollution from dust, airborne lead and asbestos.
2. Social Benefits.

Deconstruction provides the following social benefits:
I.  Creates jobs because it requires more labor. Detaction is a labotintensive process, involving a
significant amount of work, removing materials that can be salvaged, taking apart buildings, and
preparing, sorting, and hauling the salvaged materials.
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II.  Deconstruction's basic skills are easily learreg@bling unskilled and lowskilled workers to receive en
the-job training. Training in this process provides new employment opportunities for a minimally skilled
work force.

lll.  small businesses could be created to handle the salvaged material that would®ougbiesses to link
a deconstruction project to economic development and job training efforts.

3. Economic benefits

Economic data varies considerably between EU regions since local conditions strongly influence labour costs,
tipping fees and/or markeprices for recovered materials.

However, financial benefits can be generated through enabling dismantled building materials to become
secondary products. However, in practice, deconstruction is perceived to be more expensive, difficult to apply
across theunique characteristics of buildings, and more complex in terms of stakeholders' decisions and
planning efforts. This overcost is directly linked to the increase of duration of the demolition process, the
increase of operations to be made in order to makeating of different materials, and also the increase of
workforce needed.

Drivers and barriers for selective demolition

There are various boundary conditions, often case specific, affecting selective dem&doramic factors are
the most important, both promoting and hampering the use of selective demolitioBelective demolition
results in materials with a higher value. For example, instead of a mixed stony fraction, a pugradgh
concrete fraction can be recovered. Furthermore, tineoaint of rejeds for landfilling can be minimized. On the
other hand,a more selective demolition process is more expensiitésmore labour intensive and more time
consuming.The selectivity of the demolition process is determined by this economic t#fdéolicy ation
can shift this economic tradeff, for example through taxes or legal boundaries such as landfill bans.

Other common factors affecting selective demolition are time availability; space, especially in an urban
environment; structural sa&ty in the disnantling or the safety of the demolition work. Examples of factors are
shown on the table below. In future, complex construction products or structures will make selective demolition
more difficult orimpossible sandwich constructions witimtegrated insilation materials are almost impossible

to separate into different material categories. On the other hand, in future buildings might be constructed to
be easy to disassemble.

Aspect/characteristics Drivers/benefits Barriers/challenges

Legislatio Selective demolition i No demand for selective demolition in some
mandatory in many membe Member States.
states. Safety requirements in selective demolition a

Mandatory decontamination ol more demanding.
the constructionc removal of
hazardous materials.
Market/economics Higher value for pure C&DV Selective demolition prolongslemolition time

fractions. and requires more labour.
Treatment costs are lowe CDW landfill fees are usually low (which usui

following selective demolition. favours traditional demolition practices
Creation of more jobs.

If a market for material
recovery can be identified ani
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Quality

Local conditions

Typology

Technological development

Actors

16.1.

connected prior to demolition,
environmental success car
accompany financial success.

Use of efficient selective
dismantling enables the
separation  of  unwanted
fractions from recyclable
C&DW and immves quality.

Access to BIM data imew
buildings.
Design for disassembly.

New technques for material
recognition.

Use of robots for demolition
work.

New recycling technologies fc
high-grade material fractios.

Education on the circula
economy at different levels ir
universities.

CONSTRUCTION

Demolition Waste

Potential presence of hazardous materials.
Lack of traceability limited information on the
origin and quality of waste materials. buildir
components have not beendesigned for
disassembly; tools for deconstructing existil
buildings often do not exist;

Low cost of landfill and virgin materials.
Neightborhoodcreation of noise pollution anc
dust, lack of space.

Complex buildings increase costs of selective
demolition and material separation. Some
construction materials, sandwich elements are
not possible to separate economically.

Old buildings are not designed to be
decorstructed, from building to components or
disassembled from components to material
easily.

Material identification not yet available in olde
buildings.

Several stakeholders involved in the value che
challenge with communication.

CASE STUDY for automdtselective demolition and recycling: TECOREP

The Taisei Corp. has introduced a safe and environment friendly demolition system fdrightrase buildings

that is considered by many as a turning point in the industry. Places that cannot use conviedéiorition

technics such as blastingto briRg2 6y o6 dzAf RAy3as ¢gAft o6S FofS (2 dza$s
902t 23A0Ff WSLINRPRAzOGA2Y { &EnéTETOREP diNdlition systdin &as fleyedoped |
with the implementation2 ¥ G KNBS O2y OSLJiayY GyayaARBRSENFSHRZY ZF2 MRS
SYySNRHe¢ o

Overview of the TECOREP System

The TECOREP system(Taisei ECOlogical REProduction system) is a brand new demolition method composed ¢
three main concepts: environnméally-friendliness, safe demolition from thep floor, and conversion of
energy. (see Figure 2)
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Top floor structure of the existing building.

Temporary
column

1 Suspended

Jack — ks scaffolding
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Figure 2. TECOREP system (Source: Taisei Corporation)

The first conce® @& Sy @A NBightliBegsi ¢ { A LINR @Sa dzll2y AaadzsSa NBf
environment¢ such as noise or dust causedthg demolition workg by enclosing the entire demolition site.

The structural frame of the existing building is used to build a roof above the top floor to enclose the space.
Because it is unnecessary to constracew frame for the roof, the amount of rtexial needed to enclose the

space is reduced. Conducting demolition work using the TECOREP system ensures high noise barrier
performance because the work is completed within an enclosed space. When the lexmgtéefcaused by the

system is compared to owentional demolition methods in which the top roof is opeq the former achieves
noise reductions of about 20dB. (see Figure 3).

Next building Demolishing building Next building Demolishing building

Conventional New system

Figure 3. Noise Level Simulation ( Source: Taisei Corporation)
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Dust dspersion can be greatly reduced by using the TECOREP system. Compared to conventional methods, this
system generally inhibits about 90% of dust occurring during demolition Higeee 4)

Surrounding buildings Demolishing Surrounding buildings Demolishing
bullding building

Conventional New system

Figure 4. Dust
dispersion simulation (Source: Taisei Caapion)

¢tKS HYR DRYVOSRSEXY26GAGAZ2Y & Ndidediolgh the déve®dmar ofIa siew
RSY2t AlGA2y YSiK2R® ¢KS Sy Of 24 S RitoNm@kisicangetéd®h didgl y 3 €
(or multi-) floor segments. This method @ids the need for scaffolding at dangerous altitudes. In this system,

LI NI 2F G2L) FEt 22N adNUzOGdzNB 2F GKS SEAA&GAY HfirmedzA £ RA
by the allowable stress design method. In order to ensure the suifisieuctural strength and stiffness, some
reinforcing elements are designed as the occasion demands. Next, suspended protective scaffoldings are set up
as surrounding walls. GeiA y 3 G NI @St Ay3a ONIySa FyR aiSt Lsn@NEd ONJI y
vertical transportation respectively. The layout of these cranes is determined considering the demolition
procedure. Temporary steel columns to uphold the capping dedidraulic jacks for the jaglown procedure

are set up at the perimeter zenof the enclosed space. The hydraulic jacks are installed on each of the
temporary columns, and all of the jacks are linked to each other for increased control. The controisroom
located at the top roof; operators control each hydraulic jack and meadisfglacement and strain of each
element indirectly. After building up the capping, the secondHiopr structure is demolished. As the last step

to complete this system, the &l of the capping is shifted from the existing columns to the temporary caumn

in a phased manner. Especially at higher levels of the building, the height can be different compared to the
standard floor. Primary jaetown is carried out and adjusted fohe height of the capped section.
Subsequently, the existing floors covered thys system are demolished, and the jeddwn process is
performed. The jacklown process is repeated until protective scaffoldings reach the ground. The demolition
work is comptted after removing scaffoldings or cranes. (see Figure 5)

Temptuney post

Criling treveling s
ol

Figure 5. Demolitn procedure by TECOREP system (Source: Taisei Corporation)
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The last concepty O2 Yy @S NBA A 2 \s achievedSoy GeNb@ing & new electrical generating system. It is
necessary for this demolition method, because taller buildings can produce largarmdsnof power. The
energy is produced when lowering the disassembled material from the top floorsetground. It is similar to

a bicycle chain that generates light while pedalling, and has proved possible to produce 100kW of electricity per
hour when abatch of 5t of components is lowered from 100m.

Lessons Leaned
Reducing cost

The greatestesult of this constant development is the cost decrease. Tecorep at first aimed to conduct the
disassembling with the building roof intact supported jacks in thestroiction columns. The present system
introduces new and light roofing for the entire hdiihg, which reduces the pressure from the top, making it
possible to substitute the jacks for clips connecting the roofing to the construction columns and floor base

The new equipment is simpler, faster to install, safer and allows a significant iogtakbcuction, and was used

2y LISGNR O2YLIl ye W- .dzZAfRAYy3 Oft2aS G2 ¢21e2 {0 GA:
The temporary jacks for big colins gave way to a system of clips connecting the new lighter roof, and the
building permang’ i & 0 NHzOU dzZNB® ¢ KS SljdzZA LIYSyd A& OKSIFLISNI | yR
the next stage, the Tecorep project team is studying ways to instadlths only in the construction main points,

and not in the entire building as they wersed in the previous work, where it is estimated the cost will reduce

by a 20%.

Safety

Making the roof lighter also helps to decrease the risk of accidents relatezhtthquake which are a very
common occurrence in Japan. With a lighter roof, the builditigcture gains resistance making the working
place and surrounding areas safer for workers and pedestrians. However, the latest development does not
mean that thelatest version is the best, as it has merely added to the range of services offered diy Qlier
technology might be more suitable depending on different factors, such as the building design and construction
area, which needs to be taken into accounta country where an earthquake might present a different cost
benefit scenario when preséed with new ideas and equipment.

For tall buildings in big cities

According to Mr. Ichihara, Tecorep System is financially viable for a building with more thko120 For
constructions with 10 floors, he believes the cost ends up 15% higher thanra@ned demolitions method,
GAGK GKS RAAlI&aasSyofte 2F Y2NB (GKIFIy on Fi22NA o0SAy3
for the entire building. Thisost is divided by the floors we have to dissemble. The more we use the equipment
inthes& S o0dzAft RAy3a> (GKS OKSILISNI AG O2YSazé KS aleao ¢
by any residue that might fall from a 30th floor building ifestance.

16.2. Practical Approach

Japan's Silent, Dustree Building Demolition System Uses Bhalding's Weight to Generate Electricitjdeo :
https://www.core77.com/posts/55976/JapanrSilentDust-FreeBuildingDemolitionSysteraUsesthe-
BuildingsWeightto-GenerateElectricity
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17.Selective demolition for buildings and structures: building assessment
and demdition plan

17.1. Introduction to deconstruction planning
The dismantling/disassembly proces§i& S € a4 adr3S 2F | odaAf RAYy3IQa AT
construction of new structures, and use and maintenance of existing ones. Considearieg\uinonmental
aspects of the problenthe dismantling proces@merges as the mostvitaliss 35S 2F | o6dzA f RAy 3

results in large amounts of waste that need to be treated properly and it has to comply with local regulations
regarding buding, environmental, labour and CD Waste legislation.

The European Demolition Protocobgts that: Any demolition, renovation or construction project needs to be
well planned and managed in order to reduce environmental and health impacts while prguigbortant cost
benefits.

Because of the uniqueness of every deconstruction project, phenning needs to consider specific
characteristics of the related deconstruction processes in buildings, e.g. different use types of buildings (e.g.
residential, conmercial, industrial, municipal, or infrastructure), which might induce different project
objectives, or different age (e.g. new, existing, or heritage), which might result in different building materials
and hazardous material contaminations.

Furthermore national legal regulations regarding demolition permits, occupational health and safety, including
impact limits, protection measures etc. have to be considered, as in every European country, there is a different
building regulatory system enmpassingtte building regulations and the building control system.

In general and based on literatures reviews and best practices that are currently being used in the demolition
field in Europe and beyondhe Selective Demolition process for BuildingadiStructues mainly comprises
of the following stages which may slightly differ between EU Member States.

0 Building assessment,

0 Demolition Plan,

0 PreDemolition Preparation

0 Actual Demolition

0 Post Demolition Phase
17.2. Building assessment

Prior tocommencement of a buding assessment it is good practice to conduct alpridding assessment by
analysing local conditions, regulations, markets and opportunities for maximizing economies of scale. This also
includes assessing the cdsnefit of deconstuction versus demolibn

Further, the Building assessment stage includes the study of different features of the building or structure and
surroundings. The two types of surveying are:

a) Building surveying
b) Structural surveying
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Building Survey

In the Building Survey, experts exiamthe different characteristics of a building, such as the materials, building
usage, method of construction, condition, draining conditions, traffic conditions, building codes, and
neighbouring communities. The Bliilg Surveying processes includes:

(@]
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Types of material used in its construction

The existing use and, if possible, the past uses of the building prior to demolition

The presence of hazardous materials, matters arising from toxic chemicals, flammableosivexpl

and radioactive materials, et@nd possible presence of materials which can contribute to air
pollution and soil contamination

Drainage conditions and possible problems on water pollution, flooding and erosion, especially on
sloping sites and wataeceiving bodies

Potential dangerouareas, e.g., abnormal layouts, presence of enclosed voids, andartitated

light wells which may trap obnoxious gas at the bottom

Adjoining properties and site conditions, such as the existence of slope and retaialhgvall
supporting ground, illedastructures, bridges, underground railway and its above ground
structures, including entrances, vent shafts, distribution substations, traction substations,
plantrooms, overhead railway structures, surface track sestioverhead cables or guy wires, and
other utility service connections;

The impact of noise, dust, vibration and traffic movements on the local community

Available site area to allow esite sorting of building debris; and Street furniture suchfies
hydrant, parking space/metres, strealiK 1 = a0 NBSG aA3ay YR KI g1 SNAEQ
by the demolition project.

Structural Survey

In a structural survey, following process are carried out

Record Drawings: Prior to the Structural Surveyhe existing record layout, structural frang plans and
structural details shall be studied. The Engineer shall check the presence of unusual detailing that may cause
abnormal structural behaviour during demolition, e.g., upward anchor of tensile reifioent in cantilevered
structures. If exishg record plans are available, these plans shall be used as reference and preferably be
brought along with the Structural Survey.

Survey ltemsThe Structural Survey shall cover the following:
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The structural meerials used,;

The original structural syste employed in the design;

The method of construction;

Any dilapidation and degree of deterioration on any structural elements;

The structural conditions of adjoining structures and its shoring which may be affected by the
proposed demolition work;

Thepresence of continuous structures that may be truncated by the demolition;

The structural system and structural conditions of basements, underground tanks or underground
vaults;

The presence of exposed bracing or possible presence of covered bracing;

The nature of walls, whether it is block wall, reinforced concrete walls, loaaking walls or
partition walls;

Cantilevered structures such as canopies, balconies, or other forms of architectural features; and
Any fixtures to the building such as signtasurshading devices
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Removal of Hazardous Material

Unless the Building Survey reviews that no obvious hazardous material is present in the building, the Authorized
Person shall cause proper sampling and testing for the hazardous materials;

The hazardos waste classification is primarily based on the EeampList of Waste (Commission Decision
2014/955/EU), in which the listed waste types are classified as hazardous-banardous .

In addition, EU guidance for assessment of hazardous waste wastmlin 2018 by the Commission.
However, these guidamc documents provide general information on waste classification, and do not
specifically focus on the classification of waste from construction and demolition.

The hazardous waste concentration limat® the same throughout Europe, but the implementatioay differ

Special attention is required to the EU POPs regulation (No 850/2004) on persistent organic pollutants, which
requires that wastes containing substances listed in the annex to the regulafdnexceeding certain
concentration limits need to bdestroyed and not circulated in new products

If hazardous materials, such as asbestos containing materials, petroleum contamination and radioactive
contamination, exist in the building, further invegdition and removal of such hazardous material or
contamination by specialist shall be referenced.

17.3. Demolition plan

A principal objective of a Demolition Plan is to ensure that in projects where a building or structure requires
demolition, the sequence ofperations to be followed is predetermined and documett¢hereby ensuring
that an appropriately selective dismantling/demolition methodology is employed.

Special attention should be paid to the sorting/segregation arrangements employed to separate thkstieth
structure into individual material fractionsn laddition, the transportation and reception arrangements
associated with the movement of materials to other construction sites for reuse or reprocessing should also be
considered.

Health and Safety pcedures should be adhered to in accordance with thquieements of the relevant
authorities in the removal of hazardous waste material during the demolition process. The procedures and
processes for removal of hazardous waste material should be idehiifithe Project CDW Management Plan.

Special or hazaalis wastes should be retained in isolation from other wastes to avoid further contamination.
Certain C&D materials are hazardous e.g. lead, tars, adhesives, sealants. Asbestos containing construction
materials are classified as hazardous (see Europeané/galogue Codes in Appendix 2 of these. Guidelines

for a schedule of hazardous construction materials). If such materials are mixed withamardous materials

e.g. leadbased paint tins discardednto a stockpile of brick and concrete, the entire gugniof material
becomes hazardous and must be managed as hazardous waste.

A Demolition Plan illustrates the different process involved, and they are:

1. Demolition Plan
0 Location of the building
0 a detaila topography of the site and its surrountisggether with ground level contours and
sections of the slopes and ground supported by the building where appropriate; details of
ground removal and/or backfilling; and
0 The distances from adjacent buildings, rogstsuctures and schools
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2. Alayout plarof all floors of the building to be demolished, with adequate sections, showing :

0 the occupancy usage of the floors;

0 the structural support systems;

o principal materials of construction;

o the condition of the buildig e.g. the degree of deterioration; arttle relationship of the
building to be demolished with neighbouring properties affected by the demoalition, which
include all adjoining buildings and unauthorized structures, shared staircases, party walls,
truncating continuous frames, slopes, retainingally overhead cables, guy wires and
underground utility services.

o0 A plan showing the Method statements for the Demolition of the building; showing the
sequence of Demolition and the method of Demolition to be emptbyrcluding the
restrictions on the usef any particular type of equipment;

o A plan showing all precautionary measures for the protection of the public including hoardings,
covered walkways, catch platforms, catch fans, scaffolding, protective screessfaty nets;

0 A health and safety plan stving all the measures for the protection of the public including
hoardings, covered walkways, crash decks, and scaffolding protection screens

o0 Construction Waste management plan including proper planning for thelimndf and fate
of streams. Thiwill include developing an inventory of materials and finding out what
materials are recyclable or reusable and, if possible, arranging prior sales for salvaged and
recyclable material

Existing CW estimation methods havarious limitations. Some methodsqvide rough estimates of CW
generated e.g. based on visual assessment, percentages of materials purchased assessed by the project
manager, or forms of the physical layout of collectedtCat are not sufficient for infamed planning of CWM
practices.

CWhauling tickets, also referred to as weight tickets, are generated by hauling trucks upon the removal of the
generated CW from the site. Each waste hauling ticket provides a waste generation summary that itemizes the
weights of CW streams diverted from th@onstruction site and transported to either recycling facilities or
landfills. The generated tickets, if tracked at the site level, offer the advantage of providing detailed weight
quantities of waste generated from cangction activities at different costruction stages.

The objective of this recycling planning is the design of optimal recycling techniques for processing dismantled
materials and building components into reusable materials
Best CWM practices:

Experiencd CWM staff, including @ontractor waste management (WM) coordinator and a WM representative
of each subcontractor.

Weekly meetings, involving all WM project representatives, to emphasize responsibilities of WM coordinator,
review requirements for documeimg quantities, manageransportation of waste to designated landfills, and
track project progress in regard to the achievement of CWM goals.

Recycling and sustainability goals discussed with any new project entity (e.g. contractor, subcontractor,
laboure) prior to starting workwhere copies of the detailed CWM plan are distributed to these entities.

Training sessions to project entities, including suppliers, to raise awareness towards significance of CWM
practices in minimizing CW generation and divegtsuch waste from landi.

Economic incentive programs should be offered to contractors/subcontractors for implementing CWM
practices at the site level, whereas, penalties are charged on those not complying with siterelatéd
policies.

CW generatiomelated data properly daamented through maintaining all waste hauling tickets.
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Health and Safety Measures to consider for Demolition of Buildings

In general, the tasks of a selective demolition process will include a variety of procedures. The mastritmpor
aspectinthedevelddY Sy i 2F (KSaS LINPOSRdAzaNBa gAtf oS GKS al ¥
will have to make use of labour to the most controlled and safe conditions according to each EU member state
labour legislation and rely uponeuhanized means of remolva&herever possible.

Demolition is potentially hazardous to the workers involved, to the public, to adjacent property, and to the
environment. Therefore, extraordinary measures should be taken to protect all of them from suchrslaimge
givenrecognition to the hazardous nature of the activities carried out in demolition, it is important to ensure
safety measures and systems put in place to facilitate the process.

To this end, fire and emergency plans will have to be prepared meldded withn the health and safety
induction. As a matter, of course, measures shall be put in place to reduce and monitor, Dust, noise and
vibration. All the workforce will also have to wear full PPE. Occupational health checks have to be carried
regularly for alldemolition workers.

In addition health of workers on site shall be properly protected in accordance with the relevant Safety and
Health regulations, with particular attention to the following areas: (A) Exposure to Dust; (B) Chemical Exposure
(C) Heat 3&ss and Ventilation; (D) Noise Exposure; (E) Medical and First Aid Facilities; 34 (F) Sanitation; and (G)
Occupational Diseases.

17.3.1. PREDEMOLITION PHASE

This stage may include the erection of security fencing, and the setfirgj welfare fadities (e.g.site office,

washing facilities and toilet). The next process is the decommissioning process. Decommissioning can be
RS T Ay Sivcess@vherebydan area is brought from its fully operational status to one where all live or charged
systemsare rendereddead or inert and reduced to the lowest possible hazarddedel ¢ KS RS O2 YYA 2
activities include, for example, removal of all asbestos and chemicals (e.g., battery acids and oils), and controlled
release of stored energy in strong springr suspendé counterweights.

In principle considerations that have to be taken into account during this phase are:

(@]

Site Preparation: Mechanics, electricians, and plumbers cut off the power, shut down HVAC systems,
and cap open piping.

Safety and hdh in execuion

Disposal of supplies

Minimum structural control

Means of collective protection

Personal Protective Equipment (PPE)

Temporary structures allowance (e.g. scaffolding)

O¢ O«

O¢ O¢ O¢ O«

17.3.2. ACTUAL SELECTIVE OBWION/ EXECUTION

During this stage thdismanting phase begins. The process is soft stripping. The soft stripping is the removal
of nonstructural items such as fixtures and fittings, windows, doors, frames, suspended ceilings, and partitions.
Some of the products from the soft stripping presecan b reused and recycled. Materials, such as wood from
windows or door panels, can be reused as building lumber, landscape mulch, pulp chip, and fuel. The bricks can
be cleaned and reused, but this is rarely done. Aluminium, stainless steel paretlsppperare the typical
recycled metals. Architectural artefacts, such as sinks, doors, bathtubs, and used building materials, are almost
always resold. Even the industrial process equipment can be marketed both domestically and internationally.
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In most cases, process of deconstruction will generally be the exact opposite of constructing a new building;
structures are dismantled backward from the order in which they were built. Actual Deconstruction can be
broken down into five basic steps:

0 Remove the trim wak, including door casings and molding.

0 Take out kitchen appliances, plumbing, cabinets, windows and doors.

0 Remove the floor coverings, wall covering, insulation, wiring, and plumbing pipes.
0 Disassemble the roof.

0 Dismantle the walls, frae, and flooringpne story at a time.

The reuse and recycling process can be done after or concurrently with the structural demolition process.
With current technologies such as hydraulic excavators attached with pulverisers, concrete crushing, and
screening machines, atractors are able to separate demolition debris. This process can maximize the use of
resalable materials and subsequently reduce waste disposal costs. Typical recycled materials are metals and
concrete debris. The recycled metals argagciron, rebar feinforced rods in concrete), aluminium, stainless
steel, and copper. Concrete debris is pulverised, and can be used as fill material draseub

17.3.3. POST DEMOLITION PHAS

The final process is the site clearance, in which the site shoulefti@ a safe ad secure condition. Any pits,
sump, trenches, or voids must be left filled and securely covered, and the site drainage system must be
thoroughly cleaned and tested to ensure that it continues to operate. All contaminants must be leftoved

in a mannersuch that they demonstrate no hazard to health or to the environment. Finally, the planning
supervisor should ensure that the Health and Safety File has been compiled and handed to the client upon
completion of the work.

17.4. Practical approach

Video : DEMOIION PROCESS AND WASTE RECOVERY
https://www.youtube.com/watch?v=w_8ByOwjp2U

17.5. CASE STUDY: demolition of a nursing home

The nursing home was a twstory buildirg with a gross floor area of appdionately 2400 m2. It was constructed
by a system builder that had adopted a modular construction method aligned with a standardized structural
grid and associated products.
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The structure consisted of precast concretabs that were supported by a stefgthme (columns and wind
bracings) and covered with a flat timber roof. The facade was made up of distinct prefabricated elements that
contained (among others) cladding, glazing, insulation and plasterwork. Precast eopdest and ground
beams were usedbr the foundation. Plumbing and heating systems were installed on site. Maidlwalls

were too: they enclosed 40 bedrooms, 11 bathrooms, 5 living rooms, 1 elevator and some other rooms (like
offices or storage spaces)

Demolition of this building waforeseen after service life: the system builder was then asked to demolish it
accordingly. This firm, in turn, subcontracted a demolition contractor with which it has gdomgpartnership

for the actual selective demdilbn works. It handed over a negrempty building that was disconnected from
water, gas and electricity. While the system builder obviously expected the demolition contractor to act in line
with their mutual contract, it was the latter firm that had to dee upon recovery or destructiofor all
individual building elements it encountered during the project. Before any building element can be reused, it
first needs to be recovered.

Necessary conditions which have always been present whedeanolition contractor recovers a building
elementfor reuse:

0 Condition I identify economic demand:
I RSY2ftAGA2Y O2yGNIOG2NI R2S&a y20 GeLAOLtft& | G4SYLX
by default, on establishing a quick and cefficient waste stream during the destructiorf a building. The
demolition firm transports the wste to the waste processing firm with the best financial quotation, normally
the cheapest one. The demolition contractor only starts to shift its attention from destructing to recovering
when it realizeshat there is an economic demand for an element,ttisa when enabling reuse may be more
LINEFAGIOES GKIFIY GKS FEGUSNYFGAGS® ¢KS RSYIFYR F2N Y2
clear right from the start of the project.

The buildeof the nursing home had already secured the rightlemolish the building during the construction

LK &3S ¢KIFIG ¢2dAf R SylofS (KAa aeéadaSy odzaif RSNI G2 0
elements and to reuse those in other project®rel the system builder planned to directly reusamy of the
YdzNBEAY3I K2YSQa a0NH2OGdzZNF £ FyR Tl RS StSYSyida T2NJ
been selected for. Examplesa@fments planned for reuse include floor, columroof and facade elements
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For all building elernts that were recovered for reuse, the demolition contractor expected that it could make
some money with them.

A building element was destroyed when no potential buyer was identified through, for exaprplessional
documents/contracts, direct osite meetings or indirect sales channels. One necessary condition to recover an
element for reuse is thus that the demolition contractor identifies an economic demand for that element.

Exemplary building elements that were either recovered for reuse or not

Layer Recovered for reuse Not recovered for reuse (destructed)

Stuff Microwaves; Refrigerators; Hot plates; Ovens; Flowerpots; Curtains; Sun screens Mirrors; Lamps

Space Staircases; Banisters; Door fittings Interior walls; Doors; Ceiling tiles; Linoleurn; Floor plinths; Cable
plan ducts

Services  Sinks; Air conditioning units; Sockets; Door dosers; Faucets; Fire hose reels; Meter Radiators; Toilets; Luminaires; Electrical wiring; Plumbing;

cupboard Elevator; Countertops
Skin Facades; Timber coverings; Foundation plinths (Non-standard) facades; Sliding entrance doors
Structure Floor slabs; Columns; Roofs; Wind bracings; Lift pit (Non-standard) floor slabs; Foundations

Site’ Brick pavement; Hedges; Fending -

0 Condition IF distingush disassembly routines:
Even after a demolition antractor realizes that a demand for a particular building element justifies its
disassembly, recovery of the element may not take pldate potential reapplication of an element requires
more skillful ard disciplined disassembly routines than the reduati of that same element to (recyclable)
demolition waste.¢ KS RSOA&A2Yy (G2 NBO2@OSNI Iy StSYSyid Aa faz
and willingness to adopt those routines.

Disassemblyoutines depend on the type, accessibility and nianbf connections a building element has with
other elements. Even though the nursing home was designed as a reversible structure, some of its elements
had irreversible or inaccessible connections. Regowdr the linoleum floor covering, for example, was
impossible because a strong glue had been used to attach it to the concrete floor slabs. The demoalition
contractor distinguished appropriate disassembly routines for all building elements that were redofaer
NBdzaSd® 2 KSy (KS St S¥YBwriilikes inactesyiyeSoOinmiaeyable so $hatBkilliul and
disciplined disassembly routines were practically not available, the building element was destructed. A second
condition to recover an elemerfor reuse is thus that the demolition contractorstinguishes appropriate
routines to disassemble that element.

0 Condition llkcontrol future performance:
One more condition needs to be satisfied for a building element to be recovered for reuse. Frdemnthétion
O2 y i NI Ol 2 NI dnlylmidkegEdnie O (tlisagsSrable anjelement from a salvaged building when that
element can (eventually) also be integrated in a new building agdihe integration is limited though when it
cannot be recovered properl(in due time) or when storage and/or reparatianiinpractical. As outlined here,
this implies that the practical possibilities of a demolition contractor to control the performance of an element
dzy G At FdzidzZNB NB Ay G S3INI Gibrtofecover areelerhefitior siniSet@est reis@or.i. ¥ A N

For almost all other elements, recovery through careful disassembly and handling takes more time to be able
to control their future performance. A reusable element also needs to be stored for a stodenger period

of time. When an element can lyetegrated in a new building directly, storage time is minimal. A third necessary
condition to recover an element for reuse is thus that the demolition contractor can control its performance
until it is irtegrated in a new building.
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0 Recovenyf all conditions are satisfied:

The first condition is that the demolition contractatentifies an economic demand for the elementhe
second condition is that the demolition contractor distinguishes appropriatgtimes to disassemble an
elemg/ i ® ¢KS GKANR O2yRAUGAZY A& GKIFIG GKS RSY2tAlGAZ2Y

integration in a new building.
Exemplary strategies to promote building element recovery through targeting three conditions,

Actor in Condition for demolition contractor
supply chain Identi N = -
entify economic demand Distinguish disassembly routines Control future performance
Manufacturer Take back manufactured elements at end Produce elements with reversible, accessible and Use materials that have a long technical service life and high
of life-cydle limited connections impact resistance for repeated assembly and disassembly
Dimension elements in accordance with a Detail elements so they are easily maintainable
maodular size to ease repeated (disjassembly Provide reparation services

Archive element detail (connection) information
to share with future demolition contractor

Designer/ Investigate demolition projects nearby  Ease (dis)assembly by ensuring reversible, Integrate durable elements that are easy to maintain and
architect  new site for valuable elements ( sourcing) accessible and limited connections between have materials with a long technical service life
Incorporate (to be) recovered elements in elements Design small scale and lightweight elements to ease repeated
design proposal Separate elements in building layers with handling and transport
different service lives ( pace-layering) Align elements along a dimensional standard to enable

Archive building (dis)assembly information to  interchangeability
share with future demolition contractor

Builder Source[purchase elements from salvaged Assemble elements with reversible, accessible  Deploy storage and reparation facilities
buildings and limited connections Create flexibility in transport movements to (new) site to
Publish element needs for projectsin -~ Apply modular and prefabricated elements to accommeodate supply of recovered elements
near future online ease (dis)jassembly
Pursue long-term collaborations with ~ Archive building sequencing information to share
demolition contractor with future demolition contractor
Building Request the use of recovered elements in Share existing conditions information with Keep elements well-maintained to lengthen technical service
owner new buildings demolition contractor lives
Request recovery of elements for Allow sufficient time and space for demolition works

salvaged buildings
Demolition  Invite potential buyers to site (e.g. open  Train demolition workers in disassembly skills  Deploy storage and reparation facilities
contractor  house) Share best disassembly practices Formalize warrantees on recovered elements
Share information about reusable
elements (online)

COST FACTORS ASSTEDAVITH DIFFERENEMODLITION TYPES

Information onthe cost facbrs asociated with a demlition project will be available for trainees who will
registeron the CDWasteon line gatform to take up theon-line course
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17.6 ANALYSING BENEFIFRREUSING C&DW MARREAL

Conceptual framework forcalculaing the recycling potential on the basis of DW and building structure type
(RP is recycling potential).

DWGR information by building

structure type
Recycling
scenario
) Identify stages and Economic Carbon  : Recycling RP of DWs
Define the scope A : Sy - .
axd bonptiars activities in EOL phase of value emission ™ potential
’ buildings calculation calculation calculation RP of buildings

 Sr— t ..................... '

Obtain inventory data by survey,
database, literature review

* Economic value data of DW type
in the market and operational
cost in building EOL phase

* CO, Inventory data for each
activity

Selectivedemolition does not reduce the total amount of waste generated but enables the recovery of fractions
for highquality recycling. Oftetthe berefits are highly case specific due to additional processing needs, such
as energy, or environmental impacts frorequired maintenance and rehabilitation. The separation into
homogeneous fractions should be carefully adopted in the demolition psocés fawur the
reusability/recyclability of the largest possible fraction of CDW.

There are three main types of RA obtwihfrom C&DWrecycled concrete aggregate (RCApmposed of
crushed concrete particlesecycled masonry aggregate (RMapmposed ofcrushedceramic particles and
mixed recycled aggregate (MR&dmposed of a mixture of the different materials of C&DW.

Recycled aggregates may undergo several utilizations depending on their quality. Recycled aggregates of low
quality are used for enviranental illing and rehabilitation of depleted quarries and landfill sites; medium
quality aggregates can be used for somarts of road, airport and harbor construction, higher quality
aggregates are used in concrete and mortar production and road cotistnua general terms, in conventional
buildings the reuse/recycle of CDW at the enfdife reduces a little the overdife cycle impacts of the assessed
buildings and reduces to a greater extent the impacts in the-yse phase for the transportationnd
manufacturing of building materials.

Several studies have shown that the use of RA from C&DW as replacement of Nédréue environmental
impact of emissions generated during concrete manufacturing and masonry mortars. Similarly, analyzed
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alternativeroad setions using different wastes such as crushed concrete waste, and the results showed the
impact reduction due tohe use of RA instead of NA.

Coehlo and De Brito (2012) compare the environmental impacts of a typical Portuguese building considering
different scenarios of building materials stage and efdife stage. Their results show a relevant reduction of

the impects in the materials stage, when shifting from scenario 1 (no recycling) to scenario 5, that assumes a
95% fraction of recycling/reusy of wate materials and their use into new constructions. In the scenario 5
compared to scenario 1 the contribution tdimate change decreases by 77%, heavy metal toxicity decreases
by 88% and summer smog by 81%.

The highest reduction of GHG emissioesults h the scenarios assuming the maximum recycling of salvaged
materials whereas the highest reduction in energy useuns in the maximum reuse scenario. Lumber and steel
among the salvaged materials contributed to most of the reductions in energyandeGHGemissions.
However, for wood the highest reductions are observed in recycling it compared to its reuse. Thes alsloo
evaluate the potential economic benefits of salvaged materials and find for most of them that their resale total
value is halfof the total costs of purchasing new materials. Environmental and economic benefits of
reusing/recycling salvaged matedaare dependent on the way the deconstruction process is carried out (e.g.
with higher or lower impacts), on transport distances amdthe pesence of a resale market for salvaged
materials.

Specifically, a resed product should have similar fire resiste, durability, insulation properties and
supportive structure as a product manufactured from conventional raw material (Bove®®&d) 2Tle aim of
the demolition is to focus on rase of wooden materials, hence wood is highlighted. When wood matearials
removed selectively they may be-used. Permanent and lose wood carpentry may beised. Construction
timber such as wood beamand truses may be reised once the nails have been removed. Wood that is
contaminated by vermin, mould or rotted may no¢ reused. If wood materials are not+ased it may instead
be recycled or used for energy recovery.

Due to the large number of biis in the building, they are specifically highlighted. A Danish company, Gamle
Mursten, has a cleaning facility for bricH$he company is strictly commercialised with no financial support from
the government. The company cooperates with architects indiagign fhase of new buildings. The architects
favour the aesthetic traits and historical value of theused bricks.

Thetop down model consists of conventional and selective demolition and is presented below
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For example, when wood is removed from thgildingit is reused and not incinerated to produce thermal and
electrical energy. Hence, alternative production of timed and electrical energy is included.
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are compared to products manufactured from conventional raw material. Aspects that are evaluated are
avoided enissions, energy consumption and resource use. Note, conventional raw material may be a mixture
of recycled material and virgin raw ttegial depending on what product is manufactured.

In the selective demolition, construction and demolition materials may rbused. Production of new
construction and demolition materials is then not needed and the environmental impacts that new praductio
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gain is achieed. It is environmentally preferable to ese building materials in comparison to material

recycling, energy recovery and landfill.

From anenvironmental perspective it is beneficial to-use construction and demolition materials as shown in
this study.However, another question remains; will-use of construction and demolition materials occur? It
is important to focus on the buildg and onstruction stakeholders due to their influence over the industry.

The economic aspects of demolition can be lyiefiscussed. One may assume selective demolition is more
expensive than conventional demolition. Presumably, more working hoursesdet todemolish selectively

which is more expensive. One may argue that the extra cost of selective demolition woldred when the

re-used materials are sold again. Legislative and economic policies from the government are significant to
implement e-use ofbuilding and construction materialSelective demolition viability will vary considerably
with local conditions,resulting in viable or norviable projects. Generally, the local conditions that most
affect the deconstruction economical viabilitsre labaur cost, tipping fee value and market prices for selling

recovered materials.

17.6.1Case study: Reuse of bricks

g K

Reuse of old bricks in facades of buildings rather than new ones creates an architectural value and has raised
interest in Denmark. Bricks amarefuly dismantled from old buildings, sorted and cleargthe mortar is
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removed. The dismantling and the cleéag processes are labour intensive and increase the cost of the bricks
compared to new ones. Technically the renovated bricks fulfil theirementsfor reuse and are marketed and
patented by Gamle Mursten. With the support of the Danish Environmentate®fon Agency, a circular
economy concept for marketing reusable bricks has been developed (Danish EPA, 2018).

In Denmark a market has beemeatedfor old brick with a potential for 30 million bricks per year, which
corresponds to about 10 per cent aftal brick production. However, there are challenges: often, for example,
there may only be only small batches of bricks available from aibgilbeng demolished, there may be
AAAYATFAOL YU QIENRIFGAZ2Y Ay GKS 0 Ndogetatof betivéed Heynalitoh lj o
contractors/dismantlers and recyclers.

The environmental impacts related to the reuse of bricks and the regyofierished bricks were compared in

a lifecycle analysis. The results indicate that reuse clearly contributesdiaced impacts, from both an
environmental and economic point of view. Both energy and virgin material use are avoided when bricks are
reused

The raise of bricks saves significant amounts of CO2, the estimated savings in greenhouse gas emissions is on
average about 0.5 kg C@sy per brick (EACI, 2014).

Reclaimed bricks are also common in other countries. In Belgium, for example, mostlyliifaddones that

were bricked with a lime base or other soft mortar, generally used before the 1950s, are feersmase they

can be cleaned easily and have a high value. Reclaimed bricks are most often used for of aesthetic reasons and
are usually not part of the loadbearing structure.

17.6. PRACTICAL APPROACH
Video

https://www.youtube.com/watch?v=nI5 JxdPw

https://www.youtube.comwatch?v=ptrcCfV4BVM

17.7. EVALUATION

1) Which demolition method allowscontractors to reuse or recycle the building's materials.
A. Traditional/Mechanical demolition
B. Selective demolition deconstruction
C. Partial demolition

2) The main goal of Selective Demolitiontis :
A. fadlitate recovery of construction and demolitigc&D) materials for beneficial reuse/recycling
B. minimize the burden on municipal landfills and public filling areas by reducing overall waste
generation, and thus, benefit the environment
C. Facilitate he destuction of the building in fairly quick time andth low cost

3) Which is the most crucidiactor when deciding how to demolish a building and choose between
conventional or selective demolition
A. Environmental factor including reducing the CDW stresawjnglandfill space, saving natural
resources and engy
B. Social Factor including the creation of new jobs
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C. Economic factor, including financial benefits to be generated through enabling dismantled
building materials to become secondary products

4) Building assesment stage in the Selective Demolition process includes the study of
A. Building surveying and Structural surveying
B. Building surveying and Rdemolition Survey
C. Building surveying

5) The principal objective of a Demolition Plan is to:

A.Examine the diffrent characteristics of a building, such as the materials, building usage, method of
construction, condition, draining conditions, traffic conditions, building codes naighbouring
communities

B.Conduct a prébuilding assessment nalysingocal conditbns, regulations, markets and
opportunities for maximizing economies of scale

C.Ensure that, the sequence of operations to be followed is predetermined and documented

6) The decision to recover an element is influenced by
A. Disassembly rout#s which deprad on the type, accessibility and number of connections a
building element has with other elements.
B. Economic demand is not crucial for the decision
C. The element can eventually be integrated in a new builagzgn

7) Recycled aggregates csists one othe materials used for selective demolition:
A. recycled concrete aggregate is used for road construction, mortar and concrete manufacturing
and recycled concrete.
B. Mixed recycled aggregate is not recommendaddad construction
C. Recychkkaggregatesf low quality are used for environmental filling and rehabilitation of
depleted quarries and landfill sites

8 LYy (GKS aStSOGAOBS RSY2fA0GA2YyX
A. It is environmentally preferable to reuse building materials
B. It isenvironmentally preferable toacycle mateil
C. Itis environmentally preferable to achieve energy recovery from the materials
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Module 4. LCA building materials and environmental sustainability

18.Definition and Objectives of the Module:

The main objective of module 4 is to provide a basic knowledge of the Life Cycle Assessment (LCA) methodology
and to guide the participants in carrying caitbasic LCA study and analysing the results obtained. During the
course, a general description of the LCA will be made from a methodological and normative point of view and
with reference to the guidelines of the International Reference Life Cycle DatanByd the European
Commission. Furthermore, case studies of WilAbe illustrated, analysing the problems that can be found
during the application of the methodology and the possible solutions.

In particular, after an initial overview on concepts, starib and guidelines, and on the positioning of the
different ecoromic evaluation tools, the course will enter specifically into the application to products and
technologies in various sectors, addressing technical aspects such as data retrieval fantdiisteategories,
interpretation of results. The course will mmpleted with an irdepth examination of monetization and
discussion of the role of Environmental Life Cycle Costing in sustainability assessments with a life cycle
approach.

19.Learning UnitsTable:

Module 4 is made up of 4 Learning Units, namely

Module 4: LCA building materials and environmental sustainabilityTotal Duration:12 hours Contact hours8 hours
Handson hours 0 hours
Seltstudy hours: 2

hours Assessment hours:
2 hours

Module 4 LU.

a) Unit 1: Environmental damage due mon-recovery of waste from CDWaste

b) Unit 2: Objectives and strategies for a low impact construction site environmental

¢) Unit 3: Economic and social considerations that must be made for the selection of sustainahletpro
d) Unit 4: Material selection with theCA method

Learning Units Distribution:
Unit 1: Environmental

damaae due to non Unit 2: Objectives and Unit 3: Economic and social Unit 4: Material selection
9 strategies for a low impact | considerations that must be with the LCA method

recovery of waste from - . 8

construction site made for the selection of
CDWaste . .

environmental sustainable products
] hours2:5 oS Contact hours8 hours Contact hour2.5hours Hands Contact hours0 hours
Handson hours:0 hours . . .

Handson hours:0 hours Self | on hours:0 hours Selstudy Handson hours:0 hours
Selfstudy hours0 hours .
Assessment hour€.5 study hours0 hours hours:0 hours Assessment Selfstudy hours2 hours

’ Assessment hour€.5hours | hours:0.5hours Assessment hour€.5hours

hours

20.Environmental damage due to nerecovery of waste from CDWaste

General Description
In this unit, trainees will deal with topics in order to gain knowledge about the wlzmacteristics and steps of i
cycle impact agssment. Trainees will gain basic knowledge to understand which environmental aspects are 4
and measured within a LCA and what environmental damage could occur in the absence of a good assesg
failure to recover materials from CDWaste.

Learrnng Outcomes

Upon successful completion of the Unit, the learner should:

Good knowledge of the environmental aspects that are assessed within a LCA

175



Co-funded by the
Erasmus+ Programme
of the European Union

CONSTRUCTION

Demolition Waste

Knowledge Good knowledge of the damage theduld occur in the absence of a good LCA
assessment

Goodknowledge to be able to make a correct LCA assessment

Ability to correctly assess all environmental aspects

Skills Ability to apply the techniques and make correct assessments to mgkedLCA
assessment
Competences Improvement of technical skilla iorder to identify and quantify environmental impact

Improvement of technical skills on environmental damage assessment

Delivery and Assessment

The unit will be deliveredhrough: The unit will be assessed through:
5Aa0dzaaizya OEIF YAYLF(GAZ2Y
| l-0AR & hN} £ SEFYAYLFIGA2Y k SESNDA A
[ Saazya t N22SOi
etc.. x Written exercises / test
20.1. Introduction

The LCA method is a standardized procedure for recordjogntifying and asssing the environmental
damage associated with a product, procedure or service within a precise context, which must be defined
beforehand. This study can be understood as "integral”, as it also considers all steps preceding andyfollowin
the procedure undeconsideration. The structure of LCA is described in DIN/ISO 14040 (and following). First of
all, it is necessary to define the objective and the scope of the investigation; then, tballed "inventory
analysis" has to be construatein this step, thematerial and energy flows of the different steps of the
procedure under consideration are noted (according to precise rules) in relation to a benefit quantity (benefit
unit). In a third step, after completing all the balances, it isgiole to start theenvironmental impact
assessment; this estimate serves to identify and quantify the potential environmental effects of the analyzed
systems and provides essential information for the subsequent interpretations, which are carried bet in t
fourth step. At his point, the results of the mass and energy balances and the risk assessment are summarized,
discussed and evaluated in relation to the previously set objective. In order to obtain answers to the question
initially posed, other conthutions (recommendabns as to how to proceed or other decisions) may also be
taken into account, which go beyond the pure result achieved. The same applies to subjective elements such as
moral principles, technical feasibility, as well as sgumbiticaland economic aspects

Therefore, the scientific method of life cycle analysis (LCA) makes it possible to quantify the environmental
damage caused by products, procedures or services. It is used to compare the environmental effects of two or
more different products, groups ofproducts, systems, procedures or behaviors, it helps in identifying
weaknesses and improving the environmental properties of products, in comparing different modes of
behavior, and it provides the rationale behind a number of recommé&oda that are normdy made.
Originally, the LCA tool was developed with the aim of determining the maximum lifespan of a product.

20.2. Theoretical approach

20.2.1. LIFE CYCLE THINKMNDB LIFE CYCLE MARMENT (LCM)

In this way, we can say thdife cycle assessmeldg a constantly eveing methodology, whose areas of
applicability are constantly increasing, thanks above all to the activities of national and international
organizations that are promoting its dissemtiiea, making an eveincreasing amount of data available and
pushing poduct innovation in a more environmental direction. From this emerges the growing importance
that life cycle consideration is assuming, so that it has come to involve the entire sewdftthe company,
defining a way of thinking and acting ‘accordingtte life cycle'Life Cycle Thinking.
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This principle, together with the competitive environment that has emerged in recent decades, has led to the
emergence of a new strategy for cosamagement related to the production of goods and services, completely
oriented towards the life cyclel.ife Cycle Managemerft CN), which should guide the decisiomaking
process at every stage of it. It is not an independent methodology but the sebisfdescribed so far, typically
based on thdife cycle of product, vhich are integrated with each other and used to assess the consequences
associated with each decision at any stage of the life cycle.

This is a new way of conceiving the product, inclitéach choice is weighed up by meantfefcycle costing

and life cycle assessmertechniques, in order to assess the consequences in economic and environmental
terms. Indeed, the simultaneous applicationld®CGand LCAcan sometimes lead ttrade-off situations that

need to be analyzed carefully.

In these cases, the focus the economic aspect can lead to dangerous consequences on the environmental
impact of the product, while, conversely, the pursuitgnéenpolicies and the exploitation of clean resources
can lead to important increases in tHevel of costs incurredTo this end, different models have been
developed for the integration of the two techniques, although life cyotestingis not a standardized
methodology, unlikdife cycle assessment

From this, a methodology emerges that alloitge analysis of the ecamic, environmental and social
consequences of each managerial choice, the benefits of which are to a large extent still to be discovered,
given the continuous evolution and the great diffusion expected in the near future.

20.2.2. METHODOOGICAL PRINCIPLED B/A5IC CHARACTERISTOESHE
METHOD.

The basic idea of the LCA method is to record all material and energy flows associated with a product, process
or service. The whole life of a compound or system is considered "from cradle to grave". This means that not
only the environmental effects at thlevel of the production plant are taken into account, but the whole
process leading up to a product, from the sourcing of raw materials through use and consumption to disposal.
This extensive approach is very importaeicause, if one considers a too maw a panorama, one may come

to distorted conclusions regarding advantages or disadvantages; in this way, however, it is possible to push
the optimization to the real scientific minimum of the subject of the investigatiims thinking is illustrated

(inthe context of chemical reactions) by the following graph and its explanation.

3 Two combination solutions are represented by PTLaser and TCAce. The former is based on the definitidimeximon
relationships at any stage of the life cycle, and evaluatéfsrdnt alternatives by conducting sensitivity analyses and
Monte Carlo siralations. The former is based on the definition of Amear relationships at any stage of the life cycle,
and evaluates the different alternatives by conducting sensitivity apalgsd Monte Carlo simulations. The latter, on the
other hand, by identifyig different categories of costs, direct, indirect, contingent, intangible and external, considers both
the economic and environmental impact of the choices made. For further deta@ Norris G. A., Integrating Life Cycle
Cost Analysis and LCA, in Thermational Journal of Life Cycle Assessment, Vol. 6, Issue 2, March 2001.
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Figure 14: Environmental damage of a reaction with/without optimisation

The environmental impact of a reactionsgmmarized in column.1f the process is considered in its entirety
(including the production steps for reagents, auxiliary materials and energy) and the solvent is replaced in the
planning phase of the reaction (e.g. because of the damage it causes tmtfronment), thentie condition
described in column 2 can be achieved. By optimizing all possible areas, the scientific minimum of this reaction
is achieved (column 3) and a further reduction of its harmful effects cannot be realized in any way.HTarreac
even lower leve(column 4), therefore, it is necessary to modify the reaction at its roots: the use of a catalyst
or the replacement of one of the starting reagents could be two valid alternatives in this respect. Due to its
complexity, the environmetal damage of a reaittn must always be checked following optimization, as it is
also possible to encounter an increase in environmental damage (column 5).

20.2.3. LIFE CYCLE ASSESIMEN HODOLOGY

The steps of the LCA method

The reference standard in the fietd LCA is the ISO sesi(UNI EN) 14040 (2006) developed by the Technical
Committee ISO/TC 207 "Environmental management" SC 5 "Life cycle assessment". The standards aim to
systematize the process of assessing the effects a product may have on the erantahnoughout its lie

cycle. In particular, the 1ISO 14040 series provides a general framework of LCA practices, applications and
limitations and describes through a stby-step procedure the requirements and guidelines for the
preparation, management ahcritical review of a LCA.

ISO 14040 standardizes the LCA methodology by dividing it into four main steps:

1. Goal and scope definition.

2. Inventory analysis compilation of a comprehensive inventory of input flows (materials, energy,
naturalresources) and output flows (emiss®to air, water and soil, waste) that are relevant to the
defined system.

3. Life cycle impact assessmerassessment of the potential direct and indirect environmental impacts
associated with these inputs and outputs atheir significance.

4. Interpretation and improvement analysisanalysis of the results of the previous two phases and
definition of possible courses of action.
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Figure 17: Summary diagram of the LCA methodology (ISO 14040, 2006).

Definition of the objective and scope of the study

The frst stage of an LCA study is to state the objectives and rationale for the study dedlrte the object of
analysis and the boundaries of the system.

The objective of an LCA should unambiguously state the reasons why the study is being carried aile what
intended application of its results will be, and the intended audience. The defindf the scope should
describe the system being studied and list the categories of data to be considered in the study. This definition
should be done with care to ense that the breadth, depth and detail of the study are compatible with the
objective tha has been set.

As LCA is an iterative technique, it may sometimes be necessary to change the scope as a result of additional
information gathered in the course of theork, in order to meet the original objective of the study.

It is clear that this firsphase significantly outlines the lines of the analysis and can lead to significant changes
in the results.

This methodology is generally used with the aim of compath environmental performance of two
alternative products or with the aim of identifyimpssible improvements throughout the life cycle of a product.

In fact, those who use the LCA technique in the construction field are, on the one hand, the desigoeny w
comparing the environmental impacts of alternative products, can obtain informati support design
decisions and assess the actual-®ocmpatibility, and on the other hand, the companies that, by identifying the
phases that have the greatest imgtacan improve the product from an e&fficient and ececompatible point

of view.

Theresults of an LCA can have different functions, depending on the objective identified in advance: if the
objectives of the analysis are "internal" to the company, tkeults of the study are used to identify the
environmentally preferable alternative oo timprove the environmental performance of the product; if, on the
other hand, the objectives are "external” to the company, the results can be used to draw up esnErrital
Report and as support for the acquisition of specific environmental certificati such as Ecolabel and
Environmental Product Declarations (EPD).

In order to understand how system boundaries are chosen in the LCA methodology, it is usefet to tieé
definitions of product system and process unit provided by ISO 14040.

A productsystem is a set of process units interconnected by intermediate product flows representing one or
more defined functions, where the term function denotes a perfornamcbaracteristic of the system. The
description of a product system includes process sindlementary flows and product flows across system
boundaries, as well as intermediate flows within the system.

The abovementioned process units are the smallest ppaf a product system for which data were collected
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during the Life Cycle Assessment. ytaee linked to each other by flows of intermediate products (basic
materials, semfinished products) and/or waste to be treated and are linked to other product systa@nd to

the environment by elementary flows in input (raw materials, energy) and ipudytadiation, emissions to air,
water, sail).

The subdivision of a product system into process units makes it easier to identify the entities entering and
leaving it Its description will therefore include the description of process uelamentary flows and product
flows across system boundaries as well as intermediate flows within the system.

The initial description of the process units under consideration isndisdén order to define first of all where

each product system begins iarins of receiving raw materials and intermediate products, but also in order to
define the nature of the transformations and operations that take place within it. Moreover, sipcecass

unit in turn generates other output entities as a result of itswties, its boundary will therefore be determined

by the level of detail required to meet the objective of the study.

Finally, since the system under consideration is a physistrsy each process unit must satisfy the laws of
conservation of mass andnergy, and therefore the validity of the description of the process unit can be
checked precisely by means of a mass and energy balance.

For a clear description of a product systérnan be very useful to use a process flow diagram, which allows to
quickly illustrate which process units are considered.

LCA studies should be conducted by developing descriptive models of the key elements of a physical system.
The choice of which elemgs of the physical system to introduce into the model will depend on gifndion

of the objective and the scope of the study.

It would not be practical or useful to study all the relationships between the process units of a product system
or between aproduct system and the environment. Obviously, it is necessary to spémfiagsumptions
underlying the simplifications introduced and to describe the models used in the analysis.

In the description of the scope of an LCA, it must be clearly specifiettihdndunctions of the system under
analysis are, i.e. the performance chateristics of the product system or systems in the case of comparative
studies.

In order to quantify the above functions, tlienctional unitis used, defined by ISO 14040 as:

"Quantified performance of a product system to be used as a referencénumitife Cycle Assessment study.
The main purpose of the functional unit is to provide a reference to which input and output flows can be linked.
This reference is necessary to alline comparability of LCA results, which is critical when assessingediffe
systems because it must be ensured that the comparison is made on a commbn basis

Ultimately the functional unit constitutes the reference to which all input and output datdefstudy will be
related, so it must be clearly defined and measurable.

It should be stressed that comparisons between systems should be made on the basis of the same function and
quantified through the same functional unit.

The boundaries of a product ggm identify the process units to be included in the system in whichmbeel

is built and must be chosen in such a way that all input and output flows are elementary flows. The choice of
boundaries, the level of data aggregation and the model chosethfasystem must be consistent with the
objective of the study.

Whenthere is not enough time, data or resources to conduct a full study, it may be decided to exclude process
units from the model composition. In this case, any decision to eliminate life stages, processes or input or
output flows must be clearly stateshd justified.

At the end of this phase, it must be pointed out that the identification of the functional unit (with respect to
which the reference flow, object of the LCA analysisdstifled) appears to be an extremely delicate step. This
unit expreses the quantity of product necessary to ensure a certain performance that is recognized as
characterizing the type of product under examination. The functional unit is the common uméasurement

for comparing certain products: all the data providedtbg inventory must be related to this unit, which must

then be converted into the reference flow, again expressed in weight/quantity of the material. In other words,
the functional unit epresents the measure of the performance that the system guaranfeesxample, for an
insulation, the functional unit can be expressed by the thermal resistanc®6f¥. and the quantity of product
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that guarantees T?K'Wof thermal resistance expressdhe reference flow to be taken into account in the
inventory.
Findly, the data categoriesin terms of material flows, energy flows and emissienslated to the processes
should be identified and assumptions and hypotheses made about the data thdteapart of the analysis,
explaining which elements will not bedinded in the study.
In summary, the phase Definition of the objective and scope of the study consists of the definition of the
following elements:

0 Objective of the study

0 Functional unit

0 System boundaries

0 Categories of data

0 Criteria for inclusion ahputs and outputs
0 Data quality requirements

Inventory analysis; LCI

The preparation of the inventory (Life Cycle Inventobl) is the heart of an LCA. In this phase, all flows into
and outof the system boundaries established earlier in tigectives are reported, and then the energy and
material flows of the system/product under consideration normalized to the functional unit. These flows are
expressed in physical units (mass and energispiand include resource and energy use and adlsgs to air,
water and soil associated with the system.

In the preparation, a detailed exposition of the whole life cycle of the product must be carried out, concerning
the relative working processeprocedures and activities, and then it is convertetbian analogical model of

the real system under analysis, producing an accurate diagram, called "flowchart", which allows a quantitative
and qualitative exposition of the process units and is charéd by a graphic representation of the activities

of the life cycle, expressed by rectangles linked together by oriented arrows, which express the flows of
materials and energy. Consequently, the flowchart process representation is summarized inlaaénfpl
figure:

|INPUT STREAN{ t wh / 9F N2 Y& ONI Rf|¢ | OUTPUT STREAMS
‘ \ EXtractions and proessin \ PRODUCTS
1\ '\\ of raw materials \ COPRODUCTS
\
\ \ \
\ i NENGTACTunng 1\ AIREMISSIONS
Raw materials \\ \\ EMISSIONS TO
and energy ) | Distribution ] ) WATER
/ / /
/ [ Useandrense | / EMISSIONS TO sl
/ SOLID WASTE
V / ecycling or final dispos I/ OTHER RELEASE
/

Figure 18:Flowchart process in LCA Source: LCA: Life Cycle Assessment in construction,
Progettare sostenibile, Altervista, Ivan Di Maula, 20 September 2015

The life cyclanalysis of a product generally starts in the productitrase, taking into account the moment of
extraction of raw materials, transport from the extraction site to the production site and the production itself,
and then continues into the construction pdg, including transport from the production site to thenstruction

site, and the use phase, finally concluding in the phase of decommissioning and disposal/recycling of materials.
The representation of the flowchart is therefore essential to collectitiventory data, i.e. the input and output

flows of eactprocess. The next step is based on studying the processes and identifying and measuring the flows
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represented from the point of view of resource and energy consumption and emissions into the enuitpnme
and then making an inventory of the inputs and outpof each process in the various stages of the life cycle.
Inputs are expressed in terms of raw materials (g) and energy (MJ), while outputs are expressed in terms of
gquantities of substances (g) alioemissions to water, air and soil. The data usedHtierihventory can be either
primary data, i.e. directly collected, or data from secondary sources, i.e. provided by databases, literature or
other studies. However, analyses often rely exclusivelylmost exclusively on database data, due to the
difficulty of collecting primary data, partially reducing the reliability of the analysis.

Then, once all the data have been obtained, the inventory is drawn up, which is broken down into: energy and
resourceconsumption, raw material consumption, air emissionstenva&missions and solid waste. A relevant
issue in this phase is the right way to allocate the consumption and impacts of different products generated by
the same production process: this allocatigrcalled "allocation” of data, and the most correct madkor this

action is the allocation system based on weight (where the allocation of data is based on the weight of
products), because

system with less variability. This step is very important fordhlesequent ELCC analysis, as the determination

of inputand output data is indispensable for the LCC and environmental cost analysis respectively.

The inventory phase is therefore the most tirmensuming phase in terms of the time needed to obtain precise
and accurate data: the more-ahepth the study, the mar detailed the LCA assessment will be. Thus, in the case

of a "simplified" LCA, for example, it is possible to rely exclusively on databases, focusing only on the creation
of the flow diagram.

To sumnarize, the inventory phase can be broken down into thiéofving actions:

0 Flow chart and model
0 Data collection

0 Allocation procedures
0 Other procedures

Assessment of impacts

The aim of the third step is to assess the extent of the environmemiahcts of the system by transforming
each substance stream in thevientory table into a contribution to the impacts through the impact indicators.
This assessment starts from the basic matrix of the inventory, i.e. the complex material and energg laalan
the output of the LCI, and provides more readily understanelabkults that will be used to identify critical
environmental issues and consequent environmental improvements to the system under study.

The method underlying the assessment of impactmsists of quantitatively associating all resource
consumption and mevironmental releases with certain impact categories (eutrophication of water,
photochemical smog formation, stratospheric ozone depletion, etc.) which will then be estimated by assigning
a weight to them until the final environmental indicator is deterih being the sum of the indicators of the
individual impact categories.

There are five main stages in the assessment of impacts:

1. Classification

During classification, impaciategories are identified by attributing pollutant emissions and consumption of
raw materials, energy and water to the specific categories they cause.

2. Characterization

In the characterization step, the quantity of a substance (from the inventory tahte)ligplied by an indicator

of its relative ability or incidence to cause thatgatt category. Generally, this indicator relates to a reference
substance that is emblematic for that category.

For example, for the greenhouse effect, the reference substéncarbon dioxide (CO2), and the contributions

of all greenhouse gases are exgsed in kg of CO2 equivalent. To say that methane has a potential greenhouse
effect of 21 kg of CO2 is to say that one kg of methane has an impact on the greenhouse effdag of CO2.

The total greenhouse impact of the analyzed product will be the sfirall greenhouse gas contributions
expressed in kg of CO2 equivalent. Classification and characterization greatly reduce the number of inventory
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items to a limited number fpically eight to ten environmental effects are considered) that represent the
"environmental profile” (or "eceprofile”) of the product system.

3. Normalization

Once the classification and characterization phases have been completed and the#&eoobtaned, the third
step is standardization. This is how the ISO standards define it:

"Calculation of the magnitude of category indicator results in relation to reference information." Once the different
indicators have been quantified, it is still difficuit interpret the actual magnitude of the various impact categories,

as they are exressed in different units. Standardizing means dividing the calculated quantity of an impact category
by the total quantity of the same category occurring in a specific tiamae and area. This results in synthetic indices
that give a real understandinaf which impact category the system contributes most to. The normalised results show
the environmental problems generated by a product's life cycle according to their "ofdaagnitude”. It is only

with standardization that one begins to understand theveEonmentally critical phases of the system under
consideration or can begin to make comparisons between products with different upstream production technologies.
The aboveamentioned ISO standard defines this phase as "optional" due to the numerous amtes linked to the
identification of the validity of an impact circumscribed in time and space; uncertainties essentially due to the lack
of statistical data.

4. Weighting.
Weighting across impact categoriesdefined by ISO standards as follows:

"Weighting is the process of converting the indicator results of different impact categories by means of
numerical factors based on value choices. It may includadggesgation of weighted indicator results.”

At this stage, the different effects caused by thetegsare given a weight of importance so that they can be
compared with each other for further aggregation of the data.

By weighing, an absolute index is figalletermined, the sacalledecc-indicator, which expresses the overall
environmental performancef the system. This index will be obtained from the following relationship:

L I*Ei @A
where:

Eiis the normalized effect of the generic impaettegory
wi is the weight given to the respective impact category

For 1SO, the first two steps, i.e. thelleotion of indicator results for the different impact categories, are
mandatory, while normalization and weighting are optional elements to be depdnding on the objective
and scope of the LCA study.

5. Interpretation of results
The concluding part of anCA study is the interpretation which aims to summarize and discuss the results of
the inventory and impact assessment. It is definedoiisws:
"Life cycle interpretation is a systematic process aimed at identifying, qualifying, verifying and evahmating
information contained in the LCI and/or LCIA results of a product system and presenting it in a form that meets
the requirements oftte application described in the objective and scope of the study."

This phase aims at analyzing and reporting the ltesin a transparent way, reaching conclusions and
explaining the limitations of the system/product of the study.
This phase comprises tliellowing three stages:

1. identification of significant environmental factors, based on the results of the inventayrapact
183



Co-funded by the CONSTRUCTION
Erasmus+ Programme Demolition Waste

of the European Union

assessment, in order to propose possible options for improvement,

2. evaluations, i.e. verification of the completeness of inputd autputs, of the sensitivity and of the
consistency of results,

3. conclusions, recommendations and drafting of a fiieglort.

Finally, the improvement phase completes the analysis cycle and allows the system to be directed towards a
real goal ofeco-sustainability and ecefficiency.

At an organizational and project level, life cycle assessment is a useful decisicortsigo, allowing
comparative analysis of the various alternatives applicable to the system and the choice of the alternative tha
maximizes total environmental energy efficiency. LCA is therefore an effective tool to prometeremaation

and competitveness in a sustainable way. At European level, LCA is a qualifying element in all fields where
sustainability assessment is reggd: it is central in the Sustainable Consumption and Production Plan (COM
397, 2008), as well as in the Ecodesign DirecEwd(2005/32/EC), the Waste Directive (COM 666, 2005), the
Environmental Technologies Action Plan (ETAP) (COM38 , 2004) and dls® REACH Regulation
(1907/2006). Already in 2003, the Communication on IPP (COM 302, 2003) explicitly stated that "Li@l curre
provides the best framework for assessing the potential environmental impacts of products.

20.2.4. APPLICATION OF THETMOD IN CONBUCTION

The primary aim of the application of LCA in construction is to provide environmental data to support project
decisins, through an integral assessment of the consumption and polluting emissions resulting from the use
of specific building materialand components and of certain technicainstruction and plant solutions.

A characteristic aspect of the construction sed&outlined by the fact that the construction product created

in the factory is not the final product, but only a component toibtegrated into the overall construction
system. Although a construction may be composed of prefabricated components, sacpordis monitored

at the factory, various production actions take place on the construction site, an area that is not easily
monitored and consequently the subject of difficult environmental surveys to implement the inventory.
Therefore, the constructiophase, as well as the demolition phase, produces processes that are not easily
monitored and impacts that are difficult to monitand therefore tend to be neglected.

In addition to the above, the environmental impacts of the use phase of constructiomaany context
difficult to estimate, as all the activities that this phase implies activate further chains of impdutd) are
difficult to quantify in the design phase.

It is therefore clear that in order to provide a correct assessment of theceogatibility of a project, the
interrelationship of the material in comparison with the overall building must be analynddbath the
environmental profiles of the individual components and the environmental performance of the building
system must be assesd.

As for the phases characterizing Life Cycle Assessment in construction, they can be summarized as in the figure.
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Figure 19: Construction life cycle stages for an LCA. Source: Example of LCA and environmental impact assessmentsenstads,
BibLusnet, 25 February 2016.

The phase of extraction of raw materials and production of materials are also gabgoroduction and
production phasesThis phase can be divided into three main actions:
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a)

b)

The procurement of raw materials: aperation with a high impact on environmentahpacts is the
procurement of raw materials: on the one hand because of consumption, progressively depleting
environmental resources, especially nmmewable ones; on the other hand because of the places
where materials are extracted, such as quarriefieh produce important impacts on the territory.
Statistics show the impact of this phase on the environment: construction is responsible for the
consumption of 40% of the gravel, sand and stone used each yeglobal level, and for the
consumption of 25% of virgin wood, thus demonstrating that most of the materials that make up
buildings come from the earth (Cangelli and Paolella, 2001).

It is clear that this issue cannot be resolved solely by shifting consomfrom nonrenewable
resaurces to renewable ones, i.e. raw materials derived from vegetation or animals, because although
the latter have the advantage of not having a lasting impact on the land like quarries, they can still have
an impact on the landspe if felling and harvestgare not well planned and monitored; what is more,
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d)

f)
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there is also the problem of resource depletion since forests always have limits to their renewability, so
that excessive harvesting can damage the natural balance.

Transportto the factory the subject 6 transport is often overlooked, although its impact is very
significant. Nowadays, the designer has at his disposal an enormous quantity of materials coming from
all over the world, thanks to the process of globalisation of tiierkets and the ease of mgport.
Building materials make journeys that produce an increase in environmental impacts that can no longer
be ignored: together with industry and construction, transport (especially freight transport) is one of
the factors that plays a major role in theverall production of environmental impacts.

An important element in drawing up a LCA report and representing the environmental profile of
construction products is therefore the reproduction of the paths taken by raw matesiads semi
finished productshroughout the production chain.

Productionprocesses: industrial processes are characterised by the production, transformation and
processing of materials using raw materials and energy. The industrial activity involvingatsateay

be aimed atchanging their chemical or physical properties, in order to modify their performance, or
simply to change their dimensions.

Today, industrial production processes use natural resources and release waste and pollution into the
ecosystemn an uncontrolled ranner. This behaviour is no longer sustainable. This is compounded by
the question of the logic of production and consumption: since subsystems and components from
industry make up about 70% of the building, the problem arises of admsghe life of thes
components, and consequently of the entire construction, to the average useful life of other consumer
products, as part of the same production and consumption dynamics that allow industries to continue
production. If this logic is ndaken into accountjt risks becoming a further cause of environmental
impact.

Finally, it must be remembered that every transformation is based on the use of energy: in the
production of materials, significant energy consumption is indispensable inmelat thermal actiities

to process and transform raw materials. Most of the energy used for production is generated by fossil
fuels, such as coal, oil and gas, which are almost always used directly, thus further increasing the load
on the environment.

Fdlowing this, the tansport to the construction site and laying phases constitutegkecution phase

on the construction sitewhich mainly consists of the following operations:

0 Packagingthis is absolutely essential to protect the materials both dustayage in thefactory

and during transport and storage on the building site prior to installation. However, it constitutes a
further factor that increases the overall environmental balance, as it consists of "disposable”
materials, usually polyethylene séts, which aregherefore plastic and of great ecological impact,

and which become site waste after a very short life cycle.

Transport from the factory to the construction site: thss the transport of materials and
construction components from the factprto the constuction site. Most of the time the
components, such as prefabs, are large and bulky, thus requiring more trips. In addition to this, the
weight factor must be taken into account, as the building materials are heavy and the weight
increases tk fuel consumgbn of the means of transport. Because of the importance of the weight

of materials, the indicator used is not distance alone, but distance multiplied by weighkme.
(tonne-kilometre).

A further decisive factor is the means of transpaded: althoughroad transport is far more
environmentally damaging than transport by ship or train, it is still preferred, especially as it enables
decentralised destinations, such as production plants, to be reached by a single means of transport.
Land e strong importance must also be given to the insertion of the building in the environmental
context, inserting the construction in the site without deteriorating it, integrating it into the
reference ecosystem and taking into consideration all the dlangeological, hydrological and
topographical aspects. The identification of the site must then be considered with reference to its
proximity to plant and transport infrastructures.

Construction sitethe construction site is the place of work and, asts@an area where resources

such as water, raw materials, energy and fuels are consumed and where significant environmental
impacts arise.
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A first factor that has a significant impact on the environmental load is the excavation activities for the
foundations and underground parts: these processes cause the movement of large quantities of earth and the
production of large quantities of waste. In addition, the construction site is the destination of vehicles and
machinery, which generate energy consumptioniseand pollution in the surrounding area, not to mention

the impact of loading, unloading and storage of materials by transport vehicles. In the site management phase,
environmental loads are caused by the work in progress, which consumes additiongy endrwater and
produces waste.

The next phase, comprising the use and maintenance of the building, is callegeipdase, which is
characterised by the following aspects:

a) Energy management&urope and specifically Italy are highly dependenfaraignenergy; solutions
are provided by policies aimed on the one hand at identifying alternative sources of local energy, and
on the other at saving energy and improving energy efficiency.

The majority of energy consumption is for heating, althoughaily kcoding also makes a substantial

and increasingly important contribution. The question of summer air conditioning also arises because
it has a direct impact on the energy demand of the network. Lighting, especially in the commercial and
tertiary secta, and domestic hot water also increase energy consumption, although to a lesser extent
(ENEA, 2004). Given the importance of this phase in the overall environmental balance, one of the
most important and effective objectives for sustainable constructsao reduce energy consumption.

This objective should also become an economic management advantage recognised by tenants, and
of

consequence sought. The energy certification of buildings has exactly this objective: to communicate
to potential buyers theosts reléed to building management, giving them an incentive to invest more
initially, at the time of construction, in order to increase performance and reduce subsequent
management costs.

There are two main strategies for reducing energy consumptianddsign épassive buildings, based

on the exploitation of available resources through the envelope, orientation and form; and the use of
renewable energy to supply the energy needed to run the building.

b) Maintainability and redevelopmenthe management pase of tke building has to deal with two
further problems: on the one hand the renewal of the image, on the other hand the maintenance
works for technological and performance adaptation. From an environmental point of view, these
works have as much impaas reducd and partial new constructions, due to the related production
process, transport of material, consumption of resources and disposal process in relation to what is
removed and replaced, with consequent production of waste.

On average, the maintemce of abuilding over its lifetime costs up to 10 times more than the cost of
construction (Commission of the European Communities, 2004).

In addition to the economic factor, there is undoubtedly the environmental one: if a building has a
short life cya, the immct on the ecosystem is substantial, due to the increased number of production
and construction cycles required to ensure the use of the building.

The theme of sustainability is also linked to the durability of the construction amdatsrials, since

the containment of maintenance and replacement is in itself a containment of the environmental load
(Zanelli, 2003). The concept of durability is a rather ambiguous issue from an ecological point of view.
A durable building represents aqatuct that dilutests impacts over time and does not foresee further
impacts due to the production of new products. However, the continuous increase in energy efficiency
due to the rapid evolution of technology stimulates a continuous change in orderntaio energy
consunption: the constant introduction of windows and heating systems with higher and higher levels
of energy efficiency and the use of new technologies are the main reasons for this.

Performance stimulates the replacement of 'eneigtensive’ building componets, increasing the
overall environmental cost due to new resources used and waste produced.

Finally, the deconstruction/demolition phase of the building representsatig-of-life phase which in turn is
divided into: demolition phasand the subsequentecycling/disposal phase. As far as the demolition phase of
the building is concerned, there are two main options:

a) Collective demolitianwaterproofing and bonding operations during the construction of buildings are
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irreversible, integrating materials withach other and preventing their separation at the end of their
life and, consequently, the possibility of recycling them. Therefotegahponents that cannot be
separated, and therefore cannot be reused, are collectively demolished, producing a pilebtd r
that is sent to landfill.

b) Selective demolitianit is based on the design of easily assembled construction components whose
consituent materials can be disaggregated and recycled, in order to avoid their disposal in landfills
and the consequent pradttion of waste. The separability of the different materials depends on the
construction method adopted (layered construction is preéel) and the type of assembly (dry
assembly is the best), allowing the parts to be easily broken down at the end ofiftheir
With regard to the disposal of materials and components, the most important alternatives are as
follows:

c) Disposal itandfills there is a need for special attention in the disposal of rubble, due to the increasing
amount of chemicals in building neaials and products that are potentially harmful to both the
environment and health. The specific nature of this wasteniified as 'special waste', requires
specific action due to the presence of harmful substances such as mercury, chromium andhéead. T
origin of construction waste is represented by three main sources0% comes from the recovery
of existing buildings30-50% from the demolition of structures and -P0% from construction
operations (Marino, 2002).

d) Energy recovenyhis is thermal reycling, identified as the last alternative to landfill. This method is
based on the combustion of waste in wadteenergyplants, which creates thermal energy, thus
limiting both the production of waste to be disposed of and the use of energy resoutitiesugh this
option is preferable to landfilling, there are strong criticisms of the production of fine particles by
wasteto-energy plants, in particular ultrafine particles, which are very harmful and carcinogenic
(Montanari and Gatti, 2006).

e) Recyclinga study of the energy cost, i.e. the energy consumption per unit of goods produced, shows
how recycling not only clearly gas resources and reduces pollution, but also saves energy, as it allows
a significant saving of energy compared to initial procesdRecycling is therefore a decisive factor in
limiting the environmental load because, in addition to limiting the padlatiesulting from the release
of waste, it also saves energy waste into the environment and to reduce the consumption of raw
materids through the reintroduction of materials into the life cycle, it allows the reduction of energy
costs caused by refiningoerations and extraction and transport activities from supply to production
centres.

However, the recycling phase itself has itsdidbomings”, as it is not completely thermodynamically
efficient. It requires energy consumption, often hasimbegrate new raw materials and generates
polluting emissions.

f) Reusethe sale of materials and components resulting from construction demolijogrations is
becoming an activity that can lead to new business models. It has been recognised that thé sale
recovered materials and components can drastically reduce the cost of landfill disposal and in some
cases even make money from the sale, vaititrong environmental benefit of reduced landfilling.

The environmental impact of each disposal alternativesmiiowever be supplemented with the
related transport impact, i.e. the journey from the dismantling site to the responsible
disposal/recycling gdre.

20.2.5. ENVIRONMENTAL IMPACT

Endof-life management

End of Life (EoL) management is part of the impasessment phase of the Life Cycle Analysis (LCIA). This
stage assesses the environmental impacts of-efitife materials that are treated as waste.

Oneof the aims of the LCA is to define already at the design stage the best choices for reducing eziabnm
economic and social impacts due to eofdllife.
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In case waste is reused or recovered, @idife management in a LCA is not straightforward arebpnts the
problem of allocation of impacts.
In modelling waste management systems, environmental $oe@h be referred to the input stream (e.g. kg
input) or to the functional unit. Waste management systems can generate new material flows (materials for
recovery) and energy flows. In the LCA study, the benefits generated by these flows have to beegluzmdifi
compared with the input material loads.
The collection and transport of eraf-life products is the first process of waste management and can have
significant environmental burdens.
After collection of the waste, three routes are possible:

1. Material recovery

2. Energy recovery

3. Landfill disposal

From a regulatory point of view, the eraf-life phase is dealt with by ISO 14040, ISO 14044 and ISO TS 14067
(Greenhouse gassesCarbon footprint of products Requirements and guidelines fouantification and
communication) as well as the International Environmental Product Declaration System (EPD), from Product
Environmental Footprint (PEF) e from UNI EN 025312 (Sustainability of constructions work
Environmental product declarationsCore rules for the product category of constructions products).

ISO 14040 states that an LCA study should also include the End of Life phase while ISO 14044 regulates the
boundaries of the system and introduces the concepts of reuse and recycling. Imdefia boundaries of

the system, ISO 14044 also expresses the principles on which to base the allocation of impacts.

ISO 14067 covers the Carbon Footprint (CF) of preduet their life cycle impact expressed as kilogtam
equivalent emissions. Insitcalculation methodology, the standard defines the beginning of thecdifle

phase (when the product is ready to be disposed of, reused or recycled). The standdistatbe processes

that may fall within this life cycle stage, and gives referemcethe time horizons of the calculations. The End

of Life is considered as a phase that can be improved during the interpretation of the results.

The International EPD Sgm defines guidelines for a Type Il environmental statement and will be further
elaborated later. The PEF deals with aerfdife in Annex V and defines a method for calculating impacts which

will be further developed later.

UNI EN 15804 is a specifiamtlard concerning buildings: it defines the eoifdife phase within the life cycle

(which in this case goes up to the end of waste), specifies the phases and introduces the concepts of design
for recycling, reuse and recovery.

Material recovery

Material recovery consists in exploiting the ewfdtlife product or some of itsomponents as a resource.
Material recovery can be achieved through two routes: reuse and recycling.

Reuse
Reuse consists in using the product again at the end of its life. The famdtibe product will be the same as
it was during its usefuife, without any substantial changes being made.
In order to make reuse feasible, it is necessary for-efilife products to return to a production system in a
condition suitable for reuse. A the use phase of some products leads to their degradatiuns,gndof-life
management option is not applicable to all types of manufactured goods. Reuse is generally applied, for
example, to certain types of packaging that are easy to recover withrtrahle" collections. Reuse avoids the
production of a new prodct and thus saves raw materials and energy and avoids emissions from the
production chain. However, these benefits have to be weighed against the environmental impacts of the
operations necessy to follow this recovery route.
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Recycling
Recycling consists of recovering and reusing the material in disposed of products to produce new ones without
consuming additional raw materials.
A prior assessment at the design stage of the actual environrhearmargy and economic benefits of recycling
operations is essential.
The environmental benefit of recycling is assessed by comparing the impacts of recycling operations
(treatment, handling, transport), mainly related to energy consumption and emissiatisthe benefits of
replacing part of the vgin materials entering the production process and avoiding sending them to landfill.
Depending on the fate of the recovered material, two different types of recycling can be distinguished: the
"open loop" and he "closed loop".
Closed recycling occurs wiehe material being recycled is returned to the process that generated it and
when there is no change in the properties of the recycled material.
Open recycling occurs when the material undergoes a changes ipritperties and enters a different
production process from the one that generated it.

Closed loop
In order to assess the environmental impacts and benefits of recycling, it is necessary to consider the
environmental load of the operations involved in thgstem and the associated mass floig®sed recycling
is represented in the diagram in figure 3).
In a mass balance, considering the following parameters:
m: mass of the product;
0 R, with R between 0 and 1: fraction of waste sent for recycling. If R>4hble waste is sent for
recycling (total recycling), if R=0 the recycling is zero;
0 S, with S between 0 and 1: fraction of waste sent to landfill (or other treatment) produced by the
recycling operation.

O«

4
Rm(1-5) [ Collection and
1 | recygling
Production of rav | 1
materials
P Rm
2 3 1
1-R(1-S , .
(RS "Productionand | _
— use T Waste disposal

Figure 20: FigureFlow diagram of an indusél system with closed recycling (Baldo et al.).

Indicating the production steps and associated environmental loads (C) as:

0 Phase 1 (C1): production of ramaterials;

0 Phase 2 (C2): artefact production and use;

0 Step 3 (C3): Disposal;

0 Step 4 (C4): Recyclifigcluding transport and collection). Combining these parameters will result in

an overall environmental load:
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Gystem=CGim[1- R(1 - S) + Gm+ Gm[1- R(1 - S)] + Gm

The terms in previous equation represent the impacts of each individual step, edingjidhe fraction

recovered within the closed loop.

Specifically, the mass of the product is multiplied by:
0 C1 (environmental load of ramaterial production) in turn multiplied by the unit

minus the fraction sent for recycling purified from the wastenfroeecovery processes.

C2 (environmental load of the production and use of the good).

C3 (environmental load of landfill), in tumultiplied by the same factor multiplying C1, so that the
effects of recycling are also taken into account here.

0 C4 (environmetal load of recycling operations), which is multiplied by the fraction sent to recovery.

~

0
The four terms just describe@present the environmental loads of the four phases of the product's life cycle,

i.e the environmental impact caused by the operatidnswhich the product is subjected "from cradle to
grave".
The equation above can be rewritten so that it ispmmsed of two termsGuithout recycle@Nd Gecycle

So that the influence of the recovered fraction on the total environmental latbe shown:

Gsystem= Guithout_recyclet Gecycle= m(G.+ G+ C8) + m(CllR' R(l - S (Cl+ Q))

O« O«

In order forrecycling to result in an environmental benefit, the second teGwr,(id Mmust be negative, so
that Gsystemis less than the value @itmout_recycle

The relationship betweeR and theenvironmental loads of the system is not linear. In fact, whefarring to
separate collection operations, in order to find more material for recycling, it will be necessary to extend
collection from denserd more isolated centres.

This expansion of collection and recycling operations will have an infgr@@agronmental, energy and

economic) associated with transport.

The objective is therefore not to recycle "at any cof®*(), but to recycle a percentagé material in such a

way that the environmental load is minimize@:{)

Ca
'Recygh y 3 al F
No recygling | , ;
co V.o e g :
Cminf oo e/ ~Minimum impact point
. : i R
Rmin Rl 100%

Figure 21: Qualitative trend of the curve relating the environmental load (C) and the fraction recovered by recyclaiddR},dB).

Open loop
Open recycling develops acdang to the following scheme:
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Figure 22: Schematic diagram of @pen recycling: the pink production system uses the material recovered by recycling opened by the system in blue
(Baldo et al.).

Again, in order to assess the environmental impadtthe second production system, it has to be taken into
account thatrecycled materials bring with them a share of energy and impact due to the process that
originated them.

The following parameters are considered for the assessment of impacts:

0 G: produdion of raw materials for product one (generic artefact produced ydpiction chain one);

0 G: production and use;

0 G: Disposal;

0 G collection and recycling;

0 G: production of raw materials for product two (generic product, different from product one,
produced by production chain two);

0 G: Production and use gfroduct two;

0 GC:treatment of an input unit at operation 7;

0 R, with between 0 and 1: fraction sent for recycling (recovered fraction);

0 mu: mass produced one;

0 my mass produced two.

The equation dexibing open recycling is:
Gystem=M1 (G+ G+ G) +m (G+ G+ @) +Rm(G-G-C)

The theoretical considerations underlying the open loop case are similar to those of the closed loop, with the
difference that in this case it is necessanktow data from at least two production processes.

In the open cycle, in fact, the material recovered from the first artefact becomes part of a new production
chain, leading to the production of artefact two.
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20.2.6. INTERPRETATION OFETIRESULTS OF AINCA STUDY NB
IMPROVEMENT PHASE

This phase is aimed ptoviding an interpretation of the results of the analysis, identifying the environmental
criticalities and highlighting the potential for technical and managerial improvement in the life cycle of the
product urder study. An evaluation of the energy andvennmental performance of the system under
examination is carried out, with the possibility of comparing different scenarios of supply of raw materials,
energy sources, possible recovery of raw materials, sgegnmaterials, etc..

In the following phasein fact, the various options to reduce the environmental impacts and loads of the
functional unit under study are evaluated and selected, succeeding, where possible, in achieving an
improvement of the environmetal impact in topics such as: less energynded, less emissions, less use of
resources, etc. Within this module it becomes necessary to combine the teclemziabnmental results
provided by the LCA with all the other information concerning the producter study, economifinancial

and politicalsocial information on the product and information on consumer receptistisfaction and
public opinion consensus, in order to identify an @ompatible product. In this respect it is important to
specify trat LCA, like all comparisdrased methodologis, does not propose an absolute solution but
identifies a set of alternatives from which the decisimiaker will have to choose. The objectives of this phase
are as follows:

b translation and interpretatiorof results;

b verification of theachievement of study objectives (iteration), data quality and system limitations
(sensitivity analysis);

b compare possible options;

The results obtained should be interpreted anebresented in such a way as to have an easily usable
perception of the results, trying to represent scenarios different from the one considered (typical are
representations using bar and pie charts). It is important that the sensitivity analysis checisctliracy of

the data and their influence on the fihaesult, while expert advice is recommended in order to avoid
unreliable conclusions. Generally, in order to represent the variability of the data, an initial comparison is made
between the best and wst case results; a more complex analysis would regthie study of the range of
variability of the input data.

20.3. Practical Approach
Video

https://www.youtube.com/watch?v=tepHggwxTM

https://www.youtube.com/watch?v=ntIFdx5KCwA

20.4. Evaluation

1) What is the LCA method?
A. Life Cycle Assessment (LCA) is aaradytical and norsystematic methodology that assesses the
environmental footprint ofa product or service over its entire libgcle.
B. Life Cycle Assessment (LCA) is an analytical and systematic methodology that assesses the
environmental footprint of a product or service over its entire life cycle.
C. Life Cycle Assessment (LCA) is an @nalyand norsystematic methodology that assses the
environmental footprint of a product or service over its entire life cycle.
2) The international normative reference for carrying out LCA studies is the ISO standards
A. UNI EN ISO 1404014044- 14019
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4)
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B. UNI BN ISO 14049 14019- 14072

C. UNI EN ISO 1404 14044- 14072

What are the main steps of the LCA methodology?

A 2

B. 3

C. 4

What are the main steps of the LCA methodology?

A. Definition of objectives and scopénventory analysisimpact assessmentinterpretation

B. Definition of objectives Definition of scope Impact assessmentinterpretation

C. Definition of objectives Definition of scope Inventory analysisImpact assessment

What is Life Cycle Thinking?

A. "Life Cycle Thinking is a way of thinking that considieeenvironmental and social consequences of
a product or process throughout its life cycle."

B. "Life Cycle Thinking is a way of thinking that considers the economic, environmental and social
consequences of a product or process throughout its life cycle.”

C. "LifeCycle Thinking is a way of thinking that considers the environmental and social consequences of
a product or process over its entire life cycle without considering the economic consequences.

The phases characterising Life Cycle Assessment in cartgirucan be

A. Preuse phase Use phase End of life phase

B. Preuse phase Use phase Postuse phase End of life phase

C. Preuse phase Use phase Postuse phase

What is the objective of environmental impact assessment?

A. The objective of thenvironmentd impact assessment is the evaluation (according to precise
environmental parameters) of the energy flows calculated during the inventory analysis.

B. The objective of the environmental impact assessment is to evaluate (according to precise
environmental paraneters) the material and energy flows calculated during the inventory analysis.

C. The objective of the environmental impact assessment is to evaluate (according to precise
environmental parameters) the material flows calculated during the invgnémalysis.

The subdivision of a product system into process units makes it easier to identify the entities entering

andleaving the system.

A. True

B. False

The maintenance of a building over its lifetime costs up to how many times more than the cost of

condruction?

C. 2

D. 5

E. 10

10) Recycling may be

A. closed loop
F. open loop
G. open loop and closed loop
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21.0bjectives and strategies for a low impact construction site
environmental

General Description

In this unit the trainees will be presented with topics in ordeatmuire useful knaledge to avoid
negative effects on the environment, landscape and historical, artistic and archaeological heritage ir
relation to the site's activity on CDWaste. The trainees will acquire basic knowledge to understand
environmentd aspects are angted and measured within an LCA and which environmental damages
occur in the absence of a good assessment andreoavery of materials from CDWaste.

Learning Outcomes
Upon successful completion of the Unit, the learshould:

Good kowledge of environmental protection strategies

Good knowledge of CDWaste good practices already tested and adopted in other
contexts and in other countries.

Ability to apply innovative strategies for thpgotection of the environment

Ability tointerpret and reuse good practices already tested in other contexts
Improvement of technical skills in order to integrate good practices and experience
already adopted in other sites to redueavironmental impact

Competences Improvement of technicadkills to make all employees understand the strategies to |
adopted to protect the environment using good practices already adopted
Delivery and Assessment

Knowledge

Skills

The unit will be delivered through: The unit will be assessed through:
Discussions 9EI YAYLFGAZY
| -ofiR & hN}t SEFYAylLdGAz2y k SESNDAA
[ Saazya t N22S O
etc.. x Written exercises / test
21.1. Introduction

Sustainability in construction is a highly topical issue, given thabitlysin recent decades that we have begun

to talk about ecology and pollution from construction. decades we have been talking about ecology and the
pollution caused by buildings and the and the damage caused to the environment.

Today industry has becomeryaware of environmental issues, and has been able to innovate in the production
of "ecological" materials and products; designers, on the other hand, have focused on research inte energy
saving applications with a high content of "green" materials.

At the same time, institutions have entered the market with increasingly rigorous requests for low energy
consumption projects, proposing incentives and tax deductions for new buildings with high "ecological"
performance.

Over time, energy certification toolgere developed to measure the performance capacity of the building with
respect to the issue of energy consumption. over time, energy certification tools have been developed to
measure the performance capacity of buildings in terms of energy consumption.

The industry itself has been able to innovate in the quality of the building product, and in the search for The
industry itself has been able to innovate in the quality of the building product, and in the search for ecological
materials to be introduced itthe socalled 'green’ market.

The real development of thinking about sustainability, however, has mainly concerned the finished industrial
product or the building product. In fact, we talk about energy certificatadnthe building and product
certification (labelling), which gives a measure of ecology in relation to various parameters
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The sustainability value is thus given to the finished product, but the environmental impacts of the whole
process are neglected. impacts on the environment of the whobegss, especially in the construction sector,
which consumes more than 50% of the world's raw material resources and produces huge amounts of waste.
The industrial sector, on the other hand, has for some time been innovating in the environmental managemen
of its production processes. production processes

21.2. Theoretical approach

21.2.1. TOOLS FOR ANALY SENMYIRONMENTAL IMPACT

Tools for assessing the environmental sustainability of buildings

The assessment of environmental sustainability is a very corppbeedure,as there is no defined framework

on which determining factors should be taken into account.

In addition, the difficulty lies in the fragmentation of the whole sector, which, because of its size and the
different interests and professions involedoes no develop unified sharing strategies and the objectives of
environmental sustainability assessment are much discussed. Moreover, when we talk about integrated
planning, the processes of sharing the working method are very often neglected, thesatjieg ©nfusion

among the operators in the sector. Only the integration of professionalism and the awareness of shared design
processes would lead to the definition of environmentally sustainable criteria for the achievement of
performance and improvenrd requirements.

The assessment criteria, commonly known as sustainability indicators, are necessary to be able to set out
common paths and measure the performance of the construction sector and the industry linked to it. At the
same timeyoluntary requests have &en from operators and designers to have reference tools, design and
operational indications to obtain environmental certifications for buildings. The need for tools for analysis, for
evaluation of environmental parameters, foorrol and revision proceates, for guidance, has strongly
changed the interests of the market, involving every production sector up to the final consumer.

The tools*developed to respond to these needs are generally articulated according to a segimdgrohmental
requirements gainst which the expected performance is defined, verifiable through indicators. The indicators
are given a score and the weighted sum of the scores gives the final overall assessment of the building. Building
assessment systenstructured in this way ardefined as scordased systems because they take the form of
checklists and provide each item (indicator) with a score in relation to compliance witegtablished criteria:

the building totals a certain score from the sumtlé individual items and ithis way it is possible to assess

the degree of sustainability of the building, also creating a ranking of merit.

The aim of these assessment methods is to model the design process in order to achieve the expected
performancethey should be a working tdoto share objectives, to raise awareness of all actors in the building
process towards environmental sustainability, with a view to improving the overall quality at all stages.

The real difficulty in using such tools is thécaation of the performanceequired by the evaluation criteria,

as very often making a quantitative and comparable judgement can lead to errors and misunderstandings. The
specificity of each building project should not be underestimated. The differdidlianvironmental

characteistics, the different types of construction, the materials used, the objectives for reducing
environmental impacts, and in general the assessment indicators required by these instruments would not be
valid for a cdiification that would standedize the concept of sustainability.

Scoring a factor may not give the same results for two buildings with different characteristics.

The criterion, for example, of energy saving may have more weight in buildings where treergresiter
temperature rangebut be of little significance for buildings in more temperate climates.

Therefore, the development and use of environmental certification tools must take into account the typical
conditions of each construction, and must dirégtvards an integrated desig in which, already in the initial
stages, the performance to be achieved is assessed and policies of action, control and accountability of all actors
are applied, during all phases of the building process.

4 M.Lavagna, "Life cycle Assessment in construction”, Hoepli, Milan 2008, p. 82.
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The first environmetal assessment system to l@eveloped was the English BREEAM (Building Research
Establishment Environmental Assessment Method), created in 1988 by BRE (Building Research Establishment).
It is a voluntary tool for assessing the sustainability of buildimgthe basis of a score givémseven different
areas, which in turn are divided into chapters. The assessment areas are energy, transport, pollution, materials,
water, land use and health. The credits assigned to each area are added up in a weighteccaaing to the
priorities of the intervention, and at the end a score is obtained which establishes the sustainability recognition
of the building (from Pass to Excellent). The BREEAM system is applied to buildings with different uses:
residential (EcoHunes version), offices, supearkets, schools, industries. A few years later, in 1993, the U.S.
Green Building Council (USGBC) was founded in the United States, following39 the demand by private
companies for a quality guarantee in the purchase of buildizwgs the growing market dermal for high
performance green buildings, with the support of the government. The protocol developed, the Leadership in
Energy and Environmental Design (LEED), has been active since 2000. It is voluntary and based on consensus
and is guided by the markeiyhich determines the evaluation criteria and verifies the certifications. The typical
feature of this tool is its projection towards the needs of operators in the construction sector, with a view to
innovating production prcesses linked to the buildy industry and improving the quality of projects,
guaranteeing the benefits of performance for the end user.
The LEED protocol is applicable to every category (new buildings, commercial buildings, resedtermasnt
areas, schools, medical facilitiesy divided into seven assessment chapters (site sustainability, water
management, energy and atmosphere, materials and resources, indoor environmental quality, design
innovation, regional priority), to whichredits are associated. The final sum alloWws achievement of an
award.
The need for new models for assessing the environmental sustainability of buildings has driven the entire
market, driven by designers' requests for guiding tools for the design amtiat of environmental impacts
and by compargs seeking new innovative proposals for the consumer. In addition to these two protocols
(BREEAM and LEED), over time the more developed countries have developed their own assessment tools,
which are highlightd in the list below:
i Total Quality (Austria);
HQE, High Environmental Quality (France);
ITACA, Institute for Transparency, Updating and Certification of Contracts (Italy);
MINERGHECO (Switzerland);
GREEN (Spain);
DGNB (Germany);
Green StafAustralia);
CASBEE, Comprehensive Assessment System [fting@&nvironmental Efficiency (Japan);
THREE STAR (China);

GBTool (California, USA).

The spread of these tools for assessing environmental sustainability, commonly calielescthascertainly

made designers and companies more aware of environmestles, but there is a risk of simplifying
innovation and research in the construction field, which is too often conditioned by compliance with the
requirements of these tools. On the othkand, there is a recognizable difficulty in finding all the infaiora
needed to meet the requirements, given that very often fragmentary and not yet shared data is available for
calculating environmental performance.

21.3. Sustainability and innovation

21.3.1. THE IMPACT OF CONSCTIRION ON THE ENVINRGENT

In recent decades, the inteational scientific community has made great efforts to quantify the potential
climate impacts due to anthropogenic greenhouse gas emissions as a result of economic and popolatian gr
In particular, the latest Climate Change Assessment Report (A&Enped by the Intergovernmental Panel on
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Climate Change (IP&Qeclared a historical peak in the concentrations of carbon dioxide, methane and nitrous
oxide in the atmosphere: foexample, if we consider the period between 2002 and 2011, emissionsadue t
human activities increased by 54% compared to 1990. These emissions have contributed to global warming,
which increased by 0.85 °C between 1880 and 2012; 0.72 °C between 1951 I#hdc@0sing significant
environmental damage such as rising sea levetseased ultraviolet radiation, and more violent and dangerous
weather events.

The desire to limit emissions and the resulting climate change is evident in the Paris Agréefraémb, which

set the goal of keeping the temperature below 2°C compared &iqaustrial levels. A further step forward

was taken by the IPCC (Intergovernmental Panel on Climate Change), in October 2018, with the approval of the
report entitled "The Speclid&eport on Global Warming to Limit Global Warming to 1.5°C Compared tor2&"
incentive to embark on new paths towards a more sustainable society is due, above all, to recent studies
showing the worsening concentration of greenhouse gases in the emagnt: according to some analyses, we

are heading for an increase in averaggvironmental temperatures of 3 °C by 2100 with the risk of causing
serious damage to the environment.

In this context, the construction industry is one of the mairtprits considering that not only does it consume
large amounts of energy and energy sces to meet the evemncreasing needs of the population that demands

to live in better conditions, but also because it pollutes the environment and produces greenbases This

sector, in fact, in addition to consuming 40% of the materials presetigiehtire economic system, generates
40-50% of global greenhouse gas emissions and acid rain agents. The development of these issues has become
a matter of great inteest for the energy and environmental policies of European countries, which consider the
building sector as a key area for the achievement of objectives aimed at reducing emissions.

This is addressed in the 2010 Directive 2010/31/EU on the energy perfoerdrbuildings, as a replacement

for Directive 2002/91/EC, which forms the basis for il regulations to be implemented in Member States.

In particular, this specifies that all new buildings will be quZasb Energy Buildings (nZEB) defined as vigty h
energy efficiency buildings. These buildings are characterized by "nearly zero 8reggumption during the

use phase; very low or nearly zero energy requirements should be covered by energy produced on site from
renewable sources, such as solahdfovoltaic and thermal), wind, geothermal and biomass, achieving self
efficiency during se. However, the reduction of energy consumption during the use phase is only one of the
aspects to be taken into consideration in order to move towards environmenistainability in buildings. In

order to correctly quantify the total energy consumptionthe building process, it is necessanateo consider

the embodied energy related to the whole life cycle of the construction, including: extraction of rawiatster
production of materials, demolition and waste disposal.

There are therefore two maitypes of energy that buildings require:

i Direct Energy, properly called Operating Energy (OE), which is the energy used during the construction,
prefabrication, transport and maintenance phases. In particular it concerns the use phase of the
building refering to the consumption of energy used to maintain comfort conditions inside the
premises.

T Indirect energy, more appropriately termed "EmbodieteEyy" (EE), which refers to the final energy
needed to operate the production process of the materials usetitae energy stored by the product
as it exits the production process.

In order to move towards a more responsible and environmentally frienebygah, it is necessary to review and
modify current construction practices and seek new methods and technaomiereduce high energy
consumption.

5 The Intergovernmental Panel on Climate Change (IPCC) was established in 1988 by the United Nations Environment Programme (UNEP) and the World

Meteorological Organisation (WMO) to assess climate change and its potential environmental and socio-economic impacts.

6 Signed in 2015 at the 21st Conference of the Parties to the UNFCCC 1 (COP21) and signed on 22 April 2016 in New York by over 170 countries.

7 At a European level, around 36% of CO2 emissions are related to buildings.

8 The definition "nearly zero energy building” refers to the possibility of producing renewable energy on site without making it a constraint, leaving room for

other possibilities, especially in the definition of system boundaries (High performance masonry: thermal, acoustic, environmental and economic evaluation of
brick shell solutions / Monica Lavagna, Michele Paleari, Davide Mondini)

198



Co-funded by the CONSTRUCTION
Erasmus+ Programme Demolition Waste

of the European Union

21.4. Sustainability for businesses

21.4.1. SUSTAINABILITY INRMS OF QUALITY ANRNDVATION FOR
BUSINESSES

Environmental sustainability must be a ntimiting condition for companies in the sector. The willingness to
take actionto save energy, raw materials and natural resources, and to reduce waste on land and water and
emissions into the atmosphere, is a Kagtor in being competitive in the markets. Production and construction
processes must therefore include the environmdirigaue within them, and innovative tools must be developed

in order to obtain quality management system certifications.

The global aareness of the actors on the environmental issues of the activities related to the construction
industry is possible tharskto the training and education within the organizations and in the whole system
connected to them, through the empowerment of the apéors and the elaboration of internal and external
audits for the evaluation of the criticalities and the compliancthwhe set objectives.

Increased awareness of environmental issues leads to benefits with respect to the internal policy of
organizations, greater control of their procedures and a management system that must meet performance and
quality principles. In adtion, new market interests would arise, oriented towards the marketing of sustainable
products and processes, which are riesingly demanded by customers, and new job opportunities for
professionals.

The new integrated design models must include the rensiector of professionals, who will have to dialogue
with all the players in the construction system and move towards rselttoral disciplines, understanding the
importance of integrating skills, in improving the quality of the project and achievindormpegince
requirements, in terms of costs, environmental impact and process optimization.

Quality means better constructiorharacteristics in the use of products and in the execution of site activities,
achievement of the objectives of savings in the obeaw materials and energy, increased healthiness of the
environment, control of execution activities and procedures éaluce impacts throughout the life of the
building, from the construction phase to management and final demolition. The revisibe pfocess in terms

of performance requirements would certainly lead to an increase in initial costs for the companiekeand t
clients, but recovered by the reduced maintenance interventions during the life of the building.

Moreover, the new innovative saarios in the construction sector, as repeatedly stated, are the search for
voluntary and proactive actions to improve pradion and execution processes, with respect to environmental
issues, for the creation of new competitive markets focused on sudiditya

The profound changes in the construction sector, the search for technological innovation, théneveasing

need for environmental control of processes, have generated organizations capable of responding to
sustainability objectives. The orienitan of the construction industry is towards integrated design,
characterized by a methodology that takes into accounttal énvironmental aspects of the processes, from
the choice of materials, to the selection of suppliers, but above all in the pramueictivities and in the
execution of work on site, up to the management of the building and its demolition.

In February 201, the European Commission published the Green Paper on Integrated Product Policy; the
Integrated Product Policy (IPP) aims to stée market towards sustainable products by promoting integrated
policy instruments oriented towards green procurement (derd side) and sustainable product development
(supply side), thanks to LCA analyses.

The concept of life cycle assessment is alsimdéntroduced into process management, especially in the
construction industry, through the development efivironmental management systems and the definition of
environmental performance. The international ISO 14001 standards and the EMAS regulationthi® i
direction.

In May 2001, the Report on Sustainability in Construction was published. This repaédsdrethe assumption

that achieving the goal of improving environmental sustainability in the sector will require firstly, a highly
competitive comstruction industry and, secondly, carefully designed environmental strategies for the sector.
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The involvemenof all stakeholders, in particular national governments, with European institutions playing a
significant coordinating role, is considered cruamathe effort to truly improve the sustainability level of the
sector.

Therefore, in order torespond to the changing needs of the construction market, the widest possible
collaboration between all actors in the process is essential, i.e. IntegratgedcFDelivery (IPD). This approach
integrates people, skills, structures, internal resoura@snpany management, and absorbs the qualities and
professionalism of all participants for the improvement of the project. In the construction industry, treeable

the different actors are fundamental and must respond to the objectives of integratedjmeBublic bodies

and institutions must produce regulations and rules, in any case incentives for sustainable development, and
be able to guarantee controls orrgruct and process certifications. They also need to revise the procedures
for selecting contrators by including quality and sustainability requirements and conditions in tenders, and
subsequent control actions during execution, so that they can evalidids submitted not only through
downward economic models. The industry of suppliers andipcers of raw materials for construction must

aim to reduce impacts on the environment, primary resources and work waste, have internal environmental
managemensystems in place, and apply quality labels to construction products.

The protagonists are aldbe professionals, the design engineers who must produce sustainable products in all
phases of life, from the execution phase, to use, management and demoliltie. must translate into a
reduction in energy consumption, the choice of materials with & négycled and recyclable content, technical
solutions for construction details (e.g. the possibility and ease of dismantling and reuse of components at the
end of their life), a reduction in construction and demolition waste to be sent to landfills, actemh in
emissions into the atmosphere, soil and water, and a healthier environment. Attention must also be paid to
reducing operating and maintenance costsidgrthe life of the building.

Finally, the construction companies and all operators linkedhémt. At all stages of the process it is necessary

to assess any environmental impacts of construction activities. First of all, procedures and actions need to be
properly planned before the construction site is set up, in order to be able to subsequentipicany type of
intervention deemed to be environmentally critical. Every step of the process on the construction site must be
planned and all operators, inaing subcontractors, must be trained in order to prevent possible criticalities.
Every activiy carried out in construction is potentially harmful to the environment. In fact, the transformation
of building elements, osite or oftsite production, the tansport of products, the handling of mechanical means

at each stage of the process, the unawabte consumption of resources such as energy, fuel, water, primary
materials, the emission of dust and pollutants into the atmosphere, the production of hugetities: of
construction and demolition waste are just some of the factors that directly imi@ceénvironment.

Therefore, the elaboration of procedures that foresee actions to mitigate and control impacts at every stage of
construction, including the disamtling of the construction site at the end of the works, must be included in the
environmentalmanagement system of construction companies, as a guarantee of the sustainability of the
activities on the construction sites and as a quality mark of the asgéion.

21.5. An example of ecdiool: the LEED protocol

In 1993 the norprofit USGBC (U.Sreen Building Council) was founded in the United States, with the main
objective of transforming the construction market and the need to have a system for definiragraustity

criteria and measuring efficiency, to promote a better quality of life. AdEveral years of discussions with

trade associations, professionals and operators in the sector (construction companies, real estate developers,
environmentalists, indstrialists), in 1998 the first LEED (Leadership in Energy and Environmental Déstign) pi
programme was drawn up for new buildings or the renovation of existing buildings. To date, the most recent
version of the protocol has been updated to LEED 2009yargions have also been developed for the

various building categories (LEED for Conmia¢interiors, LEED for Homes, LEED for Schools, LEED for
Healthcare, LEED for Core & Shell, LEED for Neighbourhoodbpment, LEED for Retail).
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In 2008, the GBCI (€&n Building Certification Institute), an independent body supported by the USGBC, was
set up to manage the certification procedures and all administrative activities related to sustainability
programmes for buildings; it is a totally independent baeldgt guarantees the quality of certification and the
impartiality of a third party.

Aswith most environmental sustainability protocols, LEED is a voluntary system, based on market consensus.
LEED assesses the overall environmental performance of thadirgudt all stages of the process, during
design, construction and operation.

The assesment system is divided into environmental categories, which deal with different aspects during the
design, construction and operation processes. There are five envaotaihcategories:

T Sustainable Sites;

Water Efficiency;

Energy & Atmosphere;
Materials &Resources;

T Indoor Environmental Quality

In addition, there are two more, which deal with issues not conceived in the remaining categories, namely:

T Innovation in Design;
i Regional Priority.

Each category is in turn composed of prerequisites @edits which are scored according to the performance
of the building. The prerequisites and credits define the environmental needs to be met (goals) through the
responses to the muirements. Strategies and technologies represent the possible solutiahsdm be
implemented to achieve the goals. The prerequisites represent the mandatory minimum performance that
the building must have in order to be certifiable. As minimum requaets, no score is associated with them.
The credits express the more or $e@dvanced performance that the building has within each category. They
are given a variable score (minimum 1 point).

LEED systems award a maximum of 100 points from the fivedaegories plus 10 bonus points for the Design
Innovation and Regional Prity categories, for a maximum total score of 110 points. The final sum of credits
awards a LEED certification level:

1 Certified (Basic): 489 points;
Silver: 5859 points;

Gold: 6079 points;

T Platinum: 80110 points.

The system for attributing value to ela credit is a weighted one. That is, the environmental impacts of the
building are estimated in the various categories of environmental impacts (e.g. greenhouse gas emissions, use
of resources, pollutants in water and soil, transport, etc.), assesseddghrenergy modelling or LCA analysis,

and a greater weight is given to the impacts that have the greatest influence in the main categories. This system,
for LEED, would encourageots for reducing consumption, polluting emissions and waste produced.

The huilding's certification according to the LEED protocol is issued by the independent body GBCI, at the end
of the construction and after checks of all the indicated requirements teaim of specialized experts.

The certification process is voluntary ane ttirst step consists in the registration of the project on LEED Online,

by the person in charge of the project team, the Project Team Administrator, who is responsible for the
certification procedures and coordination of activities. All the necessarymeatation describing the project

is sent and at the same time access is given to all the LEED guides for achieving the required objectives and
credits. With a view to integrated digg, the following are assigned to all components the directives for the
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production of graphics, data and documents to be attached and sent for thaggessment of prerequisites and
credits. The process continues up to the construction in which the deticcategories not yet evaluated in the
design process are implemented. thie end of the construction and all related activities the procedure is
concluded with the last documents and waits for the review. The competent GBCI auditing body can make
suggetions regarding the requirements and make a negative decision regardingrémeing of credits, with
appropriate justification.

As soon as the certification process is completed, the project that scores at least 40 points is LEED certified,
receives a fanal letter, and is entered into the USGBC's internatialzhbase.

21.6. Practical Approach

Video

https://www.youtube.com/watch?v=4vmagxMk4VY

https://www.youtube.com/watch?v=tST7xEJ41i4

https://www.youtube.com/watch?v=K8ANxdxDsKO

21.7. Evaluation

1) What was the first environmental assessment system?
A. BREEAM
B. HQE
C. VERDE
2) Theenvironmental impact assessment procedure must be initiated
A. before wak begins
B. before the project is defined
C. during or immediately after completion of work
3) The LEED protocol is
A. A mandatory protocol to be adopted in the case of nemstructions
B. A voluntary protocol that only applies in certain situations
C. A voluntary protocbbased on market consensus
4) The LEED protocol evaluates the overall environmental performance of the building
A. during the phases of the desigtgnstruction and management processes
B. during the phases of the design and construction processes
C. during the phass of the building's design processes
5) What is the maximum score that can be achieved when applying a LEED protocol?
A. 50+ 10 bonus
B. 100
C. 100 +10 bonus
6) How many levels of LEED certification are there?
A 2
B. 4
C. 6
7) The assessment system is divided into environmentategories, which deal with different aspects
during the phases of the design, construction and operation processes. How many of thesear@eg
are there?
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A. 3+2 extra
B. 5+ 2 extra
C. 6+ 2extra
8) The subdivision of a product system into process units makes #ieato identify the entities entering
and leaving the system.
A. Positive and negative environmental aspects
B. Internal and externaénvironmental aspects
C. Direct and indirect environmental aspects
9) What are ecetools?
A. Environmental impact assessment tools
B. Envionmental sustainability assessment tools
C. Energy consumption assessment tools
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22 Economic and social considerations that must be made for the selection
of sustainable products

General Description
In this unit, trainees will be presentedt topics in order to gain knowledge about the main features o
Life Cycle Cost analysisnoéiterials and the social impact it might have. The trainees will only know thg
basics of performing a Life Cycle Cost (LCC) and which costs and recycled maiarigdsbe taken into
account in order for the LCC to become a useful tool not only froncanamic point of view but also to
decrease the social impact.

Learning Outcomes

Upon successful completion of the Unit, the learner should:

Knowledge - Good knowddge of the costs of sustainable construction in its life cycle
- Good knowledge of how to manage the costs that occur in the life cycle of a bui
Skills - Ability to demonstrate and explain construction life cycle costs (LCC) to others
- Ability to danonstrate and explain the social impact of using the p@€Cess to
others
Competences - Acquiring specific technical skills to assess the impact of LCA on life cycle costg

social impact

- Acquiring specific technical skills to demonstrate to all stakddrs the socie
economic impact that the use of LCAn have
Delivery and Assessment

The unit will be delivered through: The unit will be assessed through:
5Aa0dzaaizya 9ELF YAYLFGAZ2Y
| -oAR & hN}f SEIFYAYILGA2Yy k SESNDAA
[ Saazya t N22S O
etc.. x Written exercises / test
22.1. Introduction

The aim is to show how the materials, experience and skills are alreadgidedd promote a change that can
directly benefit families and the quality and liveability of our cities in general. . The challeraeisot make
these experiences known so that they can be taken out of their still limited use, which is linkedhiattadbility
and reliability of information.

The experiences show that it is possible to imagine a new

a new type of building that is Honger a danger to the environment, to land use and energy

and energy consumption, but which becomes an opportunity ddan regeneration and the fight against
pollution.

regeneration and the fight against climate change. Moreover, the road is markethanks to European
directives: new public buildings will have to be Net Zero Energy, while private buildings wiibheevilet Zero
Energy from 2021. increasing recycling targets for materials in the building sector
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22.2. Theoretical approach

22.2.1. SUSTAINABILITY INETEONSTRUCTION SECTO

The question of sustainability

The concept of sustainable development was first enunciatetidi87 by Gro Harlem Bruntland10 during the
work of the World Commission on Environment and Development (WCED) at thexl Wations. The report

was called "Our Common Future”, known as the "Bruntland Report".

The common and globally shared definition abtinability can be expressed through the principle that we
should leave to those who come after us an environment atlea worse than the one we found. The theory

of conserving resources while meeting the needs of future generations is thus accepted.

The issue of environmental sustainability has arisen in a highly industrialized context of globalized markets,
where, however, studies are slowly being carried out into the problem of pollution and worldwide reports are
being drawn up on the damage caudggpollutants in ecosystems.

The development of ecological thinking, of an environmental doctrine, brinlighothe problems arising from
man's activities in relation to the environment and consequently the possible actions to be taken, which are
necessury for the future of the planet.

The aim of the document is to overcome the view of sustainability as thienation of a static situation,
based on the definition of limits, and to define sensitivity as a process, in a dynamic perspective, in which the
management of change ensures that the environment is not further altered.

The emergence of ecology (litesaflscience of the home" from the Greek Okologie, from oikos=home) as early
as the end of the 19th century brought to light the study of naturalrexuics, understood as the science of
living beings and inhabited spaces, more generally of the natural atitrogpogenic territory, of man's
environment and relations with the natural space.

An example of the concept in architecture is biology, known assbience of life', which is the study of the
properties of all living things, habitats anelationships. This is carried over into biological architecture or-"bio
architecture" as the search for the causes of impacts due to human transformations aragpplieation of
techniques and materials in architectural design that seek to limit pollutioth improve the health of living
beings and the surrounding environment.

Current applications are mainly aimed at the environmental aspects of constructionasuble reduction of

the environmental impact of buildings, pollutants and the use of gremminpact materials.

The issue being debated is that the quest for a totally natural path in construction is totally paradoxical, contrary
to what is claimed byhte most convinced ecologists. Man has always exploited the planet's resources and
ingenioudy transformed them to suit his needs, emitting waste and generating negative impacts on soil, water
and the atmosphere. Construction activities are by definitramsformational activities, certainly artificial and

not natural. Concrete, for example,tise transformation of natural elements provided for human use, as are
almost all resources taken from nature. The reuse of materials, which is one of the impfatéots in the
decrease of virgin resources, however, involves their transformation, botbharécal and industrial, with
polluting emissions.

Therefore, the issue is summed up in the knowledge that transformation processes, as explained by
thermodynamiclaws, generate a degraded form of energy, unusable, heat, which is the waste absorbed in
ecog/stems.

The irreversibility of the transformations in any case involves the expenditure of resources and energy (work),
causing output on the environmental systdpolliution), i.e. the entropy of the system is continuously

increasing.

Entropicprocesses are therefore always at the basis of man's transformations, and the application of natural
principles in construction and architectural projects can only be assebsedgh policies of control and
reduction of the impacts generated, which arevays present and can never be reduced to zero.

The industrial explosion combined with the growing demand for energy to satisfy needs has increased
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consumption and consequenttiie impact on the environment with inevitable disasters on ecosystems. More
and more research is being carried out into the damage caused to humans by greenhouse gases and global
warming, such as melting glaciers, desertification, flooding, soil acidiytlze saturation of the atmosphere

with chemical pollutants, with irreparable neequences for human and animal health. The process of
deforestation in search of fertile land, the uncontrolled use of raw materials to supply the manufacturing and
industrid sectors, the consumerist model of western society at the expense of the rabeaoforld, have
dramatically increased the risks of a point of no return, where there will be no room for future generations.
The Bruntland report, as written in the first @graphs, represents the beginning of a necessary path towards

a new culture ofavings, control of limits, effective action, through the principle of environmental sustainability.
We realize that the welbeing generated by the industrial revolution cae teviewed and rethought in terms

of improving the quality of the environment, otolling the impacts generated, and assessing the
environmental issues in entire production processes. As already stated, the aim of sustainability is not to
eliminate transbrmations, because they are irreversible, but to create a cultural model of oewednt that

can be more easily absorbed by the environment.

According to the Bruntland report, the emergence of sustainability necessarily depends on reducing the burden
of exracted and disposed resources, changing the cycles of use and reusat@fials and raw materials,
adopting policies for the valorization of renewable resources and the sustainable use -ofemawable
resources. Further pressure on the environment aesources is not accepted. This does not mean the end of
all human actiity and transformation, but a process of cultural, social and economic change. The process is
globally accepted by the industrialized countries, convinced that they can innovate tteanéw technologies
capable of combining higher production and loweviganmental impact, but ignored by the "underdeveloped”
countries, which hardly implement environmental policies due to economic and cultural poverty.

The report emphasized three funoental approaches to the concept of sustainable development: the
economy the natural environment and social needs. All typical human transformation activities must be
designed to ensure the rational consumption of resources, the reduction of impactseoentiironment and

the wellbeing of people.

The issue of rational andfefient use of resources has obvious explanations in the economics of markets. The
scarcity of raw materials, the consequent increase in production costs, the race to exploit emmces have
inevitably made the global markets of the large producing aelling countries the sole owners of the scarce
goods that determine the rules. Environmental policies are also born to control these dynamics just mentioned.
The theme of sustaindlity must therefore create a model of economy no longer characterizgcthe
exploitation of material goods, but by the awareness that the search for new environmental values in
production are important factors of competitiveness and business.

Policies udertaken in countries must take into account the effects they may hawveeghboring countries,

and any environmental choices must be checked in a comprehensive manner. The problem of assessing
sustainability at the level of legislation is also the cwdtuand economic characterization of each country.
Prioritizing waste regcling in one area or even in one municipality may not be fundamental to the choices of
neighboring municipalities, and the esoistainable model may yield unexpected results. Shamitips that

make states responsible seem to be the easiest, never inmtesdvays of creating true sustainable models.

22.2.2. THE ENVIRONMENTARUE IN THE CONSTRONTSECTOR

The growing interest in the principles of sustainability (economic, environmewizhls has involved above all
the construction system and the whoiedustry linked to it. This is a key sector in Europe, with the highest
employment, 7.5% of the total, and 9.7% of gross domestic product and 47.6% of gross fixedl capital

The economicmpacts of the sector are therefore substantial and environmentalaotp are inevitably linked

% Data taken from The final report on sustalile construction, presented by the Working Group consisting of
representatives from the European Commission, Member States and industry in May 2011.
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to them. The activity of the sector involves a very high consumption of natural resources (more than 50% by
weight of all materials extracted from the earth'sust are transformed into construction materials and
products) and tle production of an enormous amount of waste (generated mainly by demolition activities and
comprising between 480% by weight of the total production of waste generated by human actitié the

use phase is also considered, energy consumption antivekemissions of pollutant gases into the atmosphere

are added. In Europe, heating and lighting of buildings accounts for most of the energy consumption (42%, of
which 70% is for heatin@nd produces 35% of greenhouse gases; in addition, there are dimpacts on soil

and water.

The actual impact on the environment has raised awareness in the construction sector and policies and actions
have been promoted, also thanks to institutionaldies, to develop a culture of sustainabilitydonstruction,
involving the entire building industry.

Technological innovations and the continuous search forserstainable products has led to new frontiers of
competitiveness for companies in the sector.

In 1997, the European Commission published Coniocation COM(97)539, known as The competitiveness

of the Construction Industry, in which it analyzed the whole system of the construction industry (production,
market, methods, processes, etc.) and listed critical points to be solved by Community astthred actions

to improve quality and competitiveness.

At a global level, the document states, the construction process is constantly changing, driven by the need to
innovate technologically and in the ptace of building. One of the starting conditios improve overall
efficiency is the integration of all actors in the process, the involvement of operators, together with an increase
in communication and decisiemaking aspects in all phases of managemémthe first place there is a need

to search fo new forms of collaboration, to have relationships with stakeholders in the construction process,
to improve the quality of the work and the product, reducing costs and focusing on effective detialong

in design and construction activities.

The sameprocedures for choosing requirements in tenders should take into account the innovation of the
project, the quality of the materials used, and if LCAs are present, health and safety, and the construction
process and its impacts on the environment.-Geraion between the actors in the process, stakeholders,
clients, construction companies, suppliers, suimtractors, designers and engineers, would lead to increased
efficiency and the ability to share actioamd objectives.

Integrated design should be adgopment model, capable of innovating the entire market and construction
management processes, as it focuses on performance and quality criteria, and would improve the
competitiveness of companies in thedustry, thanks to benefits in terms of efficienagd cost reduction.

I. Environmental issues on construction sites: the complexity of managing the
process

The spread of a culture of sustainability among different sectors of industry has certainly chhageddel of
production, involvingenvironmental issues, thanks to technological research on the one hand and impact
control tools on the other. These changes have produced new competitive markets for the sale of goods and
services and the exchange of skillvhich have also economicallygroved the initial costs required for
environmentally sustainable transformations.

In the construction sector, as mentioned above, ecological theories and technical construction solutions have
developed, aimed at saving ergy, reducing virgin materialsnd using products with a high recycled content,

with elements that can be dismantled and reused at the end of their life, which have considerably improved

10 Text consulted athttp://ec.europa.eu/enterprise/sectors/construction/files/compet/cor@7- 539-
commcompconstr_en.pdf
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the quality and durability of buildings.

However, the issue of suEhability has been read, imany industrial sectors, from the point of view of the
finished product. With respect to projects, energy savings calculated during the life of the building are often
taken into account, motivated by actual consumption paramgtg@lso required by currem¢gislation), but all

the transformation processes and construction site activities that produced the object and that cause not
insignificant impacts on the environment are not taken into account. The innovation of-cnitdtiia tools, or
ecotools, liesin breaking down the process into its life phases (from execution to management and use),
assessing its impact through environmental indicators, and calculating energy consumption of the finished
product and everything else thanay be decisive for certifation.

Process evaluation is very often neglected, but the negative effects of site processing activities on the
environment are the basis for the development of codes or protocols that provide innovative solutions in the
field of construction.

Unsustainale process management for companies means consuming a lot of material resources, higher energy
consumption, inefficient transport and supply systems, high production of construction and/or demolition
waste to landfill, risk openalties for norcompliancewith environmental regulations, all of which adds up to
higher costs. The unsustainable process would therefore become uneconomic. One of the biggest problems in
spreading a sustainable model of construction activities isgbhantity and complexity of # construction
business sector. Awareness of environmental issues should overcome the existing fragmentation among the
actors in the construction process. Compared to any industrial sector, where the boundaries of produetion ar
clearer and the responsiliiy and control of the phases are easier, in construction you have to deal with very
different organizations, professionalism, work models, economic dimensions, tasks and activities that vary from
project to project. The conbl of such a complex and ahging process is difficult without the cooperation of

the operators and the sharing of objectives. The relationships between clients, designers and builders must be
studied on the basis of criteria for process improvement arificient performance in econoic and
environmental terms.

The diversity of activities and tasks of all operators within the construction sites generates difficulties in sharing
environmental concerns, if there is a lack of training and dissemination afllaborative culture of the
construction process, undertaken by the organization management. The lack of perception of the unity of the
process and of the finished product produces misunderstandings, procedural errors, poor accountability of all
actors andhigher final costs.

Environmental issues on construction sites must therefore be part of a larger system in which companies adopt
policies for transforming construction processes on construction sites and there are incentives to spread
sustainability issess, with awareness aénvironmental impacts at every stage of the process, promotion of
innovative techniques for controlling and mitigating them, and a desire to improve the final quality.

Environmental certification tools such as LEED propose, indtnagture and form, dype of integrated design

that renews production processes and can be a guide to achieving sustainability criteria and competitiveness
objectives for the construction market. The voluntary nature of these protocols is, however, firdy step
towards bringing companies and designers closer to an overall assessment of the process/product with respect
to environmental issues and impacts. The same international and EU standards that have recently come into
being are moving in this dicgion.

The autonomousghoice of organizations to adopt procedures and tools that guide the assessment of worksite
activities, establish performance requirements and the actions necessary to mitigate the impacts generated,
and identify internal responsiliiies for training ad control, is certainly an innovative and qualifying theme
that should be enhanced in the choice of works and in procurement procedures. The final certification of the
sustainable construction site is therefore a decisive conditwritfe creation of amew market for construction

and companies, with a view to improving the efficiency of the process and reducing the environmental impact
of construction activities.

The construction site is a complex system of production in which aect&in works are carried out and in
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which numerous operators and professionals work. The difficulty of site management lies precisely in the
quantity and diversity of activities thatke place on the site and also involve the natural or feade outdoor

space.

Although it is difficult to examine every variable that makes up the whole organism, due to the fact that
construction sites are different with respect to what is to be realizéds possible to list some common
elements that characterize the comsttion site.

First of all it should be underlined that the building site organism represents the place of production of work,
of material goods and of transformation, which occupiesitery within an already built or natural centre, and
spaces for actities also outside its boundaries, being connected, for example, with the centres of production
of materials, through road routes. The construction site also involves highly variable wsing different
machinery and different professionals during allagks of the construction process. There are also places
dedicated to the procurement of materials for construction and spaces dedicated to packaging, construction
and demolition wasteAnother common factor is the presence of many companies and worketsiigathe
spaces and means for work. The construction site is the place of production in continuous evolution (it can last
for many years) where variables to be kept under control ae@itably concentrated and where activities must

be planned in advancand problems related to the safety of all operators must be avoided.

These characteristics are common to all construction sites, and as far as environmental issues are concerned, it
ispossible to make a preliminary assessment of impacts during the delsage, which will then be monitored
during the execution phases.

The main issues can be listed in the following points:

a) every activity on the site consumes resources (energy sudheddor machinery, electricity, water,
and raw materials);

b) Excavation andearthmoving operations cause possible landslides and stability problems and
transform the morphology of the land;

c) Machinery, site operations, means of transport, matepabduction and transformation processes
(concrete mixing plants, mixing of binderahd material loading and unloading operations produce
polluting exhaust gases and harmful dust that are released into the site areas and outside towards
built-up areas;

d) any accidental spillage of dangerous substances (paints, solvents, bitumen, miteréli@s, etc.)
may cause pollution of the soil and surface water near the work area or even groundwater (in the case
of seepage through the ground) the sediment can alscumulate in the public sewers, causing them
to clog up, and Drainage alterationscherosive effects on soils caused by stormwater runoff;

e) means of transport and machinery produce polluting emissions and material residues that litter the
public roads neathe construction site;

f) Excavation, loading/unloading of materials, cutting of nels, mixing of binders, handling of
machinery and processing operations generate noise and vibrations;

g) construction and demolition activities generate huge amountwaste;

h) construction site activities produce processing waste, packaging waste anddumaderials;

i) many processes produce emissions that are harmful to workers and cause damage to health;

j) the construction site has a direct impact on the natural environhand fauna;

k) the construction site generates visual impact.

All these aspects listecdbave constitute nomegligible environmental impacts during the site design phase and
during construction. Often the polluting effects of the construction sigstem are reflected outside, where
there are builtup areas, causing considerable inconveniemgeresidents and road traffic. In fact, the
construction site has a visual impact because it transforms the existing territory or alters areas that are already
urbanized and constitutes an important settlement system, it produces polluting dust thapasiied in the
vicinity, there are restrictions on mobility due to the passage of construction vehicles, it also produces vibrations
and significantly increasemise. The time aspect should not be forgotten:
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the construction site is a production systematthas a limited life span compared to the life of the building,
but causes many negative impacts on the environment.

Controlling operations at all stages ofettconstruction process is therefore crucial to achieving greater
assurance of construction quiliand performance and efficiency targets, with a view to improving the
sustainability of construction activities.

22.2.3. ASSESSMENT  OF ENMIRENTAL MACRGSSUES  ON
CONSTRUCTION SITES

In this section the most significant environmental issues of the construstterwill be described in detail, for
a subsequent elaboration of standard procedures for the control and mitigation of impacts from corstructi
activities.

Transport from the factory to the construction site: assessment of impacts

The impact of transpaing building materials and components from the plant to the construction site is by no
means negligible. The quantity of materisBnsported and their weight have a strong influence on the number

of trips and the fuel consumption required for transpoRor this reason, the orientation towards lighter
construction materials and strategies to optimize loading space for transpartpsrtant. Compared to the
production and use of large elements, which require large vehicles, it would be more approprictedse

small prefabricated elements to be assembled on site: the transport of linear elements allows a greater
optimization of theload. The choice of means of transport is equally important: at present, road transport is
favored in order to be able toeach each site comfortably, even though it has a high environmental impact
compared to transport by train and ship (ratio 1:10).

A further issue is the location of the factory in relation to the construction site and thus the distances to be
covered. In geeral, environmental assessment tools for buildings promote the choice of local materials in order
to reduce transporrelated impats. The LEED proteeck for example in the category Materials and resources
promotes the use of regional and local materaaighin limited distances to reduce transport impacts.

Knowing the origin of the products to be sourced on site is an integralgbdhte construction process and is
useful for choosing suppliers and for knowing the distances from the production ghe &ite and assessing

the impacts generated by the means of transport. A further issue is the identification of the operator who
"certifies" the origin of the materials: the project manager usually provides the technical specifications for the
products, lut is not responsible for the choice of suppliers, which is the task of the construction company. The
responsibility would therefa lie with the construction manager, who is the supervisor of the supplies on site.
The indicators needed for the assessmehenvironmental loads are not only the distance to the production
site or the consumption of the means of transport. In LCA aralydistance multiplied by weight, tonne per

km travelled, is used as an indicator. The limitation of this indicator isitl@ies not bring out the advantage

of compacting the footprint and optimizing the load of the individual vehicle.

Land use an@arthworks

Before excavation and site installation work is carried out, the choice of the site on which the building will be
erected has important consequences on the environmental impacts generated. The focus on environmental
criteria for sustainable sdi#ment is motivated by the need for less consumption of virgin land and choices that
do not alter the balance of the local egasem, with respect to geological, topographical, hydrological and
climatic aspects. The construction area should preferablyrbaraa to be redeveloped or even reclaimed; it is
also preferable to reuse existing spaces with recovery, rather than buildingscratch, to reduce the use of
resources and production of waste. Another sustainable choice is to use land already equiiped
infrastructure and plant connections, as well as land endowments, to avoid additional costs and works and
minimize the imp@ct of new works.

A first major impact produced by the building during its construction is the excavation of the ground for
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foundations and underground parts, such as garages, cellars, access ramps, retaining walls. Waste production
in the construction sdor is 78% from excavation and 14% from building demolition. Remediation is often
necessary to restore land contaminated by ptahts and waste, often of industrial origin.

All earthmoving operations for the construction of the building are crucial imseof environmental impact:

on the one hand, excavation operations entail a considerable amount of earthmoving, which musibesdel

to landfills, and on the other hand, the construction of roads and plant infrastructures results in the colonization
of additional soil. Excavation and handling operations alter the water balance of soils, changing their natural
drainage and causingpstability and possible landslides. In addition, measures are needed to control soil
erosion, which leads to the disintegrati of the surface, caused by rainwater or wind and ice. Another issue is
sedimentation due to rainfall, i.e. the transport andcamulation of pollutant or other material from
construction activities into public drains or natural environments.

Construction and processing machinery: assessment of environmental impacts

The construction site is a place of work and, as sugilaee where resources (energy, water, fuels and raw
materials) are consumed and where environmental impacts are generated. First a$ already mentioned,
excavation and earth moving operations produce waste to be sent to landfills.

The site is also edpped with machinery and vehicles, which consume energy such as electricity and fuel
(diesel). The machinery produces considerabls@and pollution in the surrounding areas; the same transport
system related to the construction site generates pollgteamissions, dust, vibrations and noise on the site and
outside, during all the loading/unloading/depositing of materials. The typmathinery needed for the work
and handling of the site depends on the type of construction, the size of the projectharsize and weight of
the components to be handled.

During the management of the construction site, especially if it is a traditiooradtruction site, impacts are
generated by the works in progress, which require energy and water and produce wasieg @ftimaterials,
mixing of aggregates and binders, etc.).

Some building materials can cause damage to workers' health by contacgdailing or by inhalation. For
example, fibrous insulation materials can release dust or fibers that camhléed and can be stinging if
touched. Another relevant aspect is the use of adhesives and additives and substances dangerous to health.
Operatins can lead to pollution through the use of chemicals, paints, solvents, fuels, primers and synthetic
products which seep into the building materials or enter water bodies or groundwater through the soil. A
further issue in operations is the productionmbcessing waste, scrap, unused material waste, which often
ends up in landfills. An LCA check iostinmpossible, but the overall impact assessment could be
calculated on the basis of the amount of waste that is recycled and recovgrételproducing companies.
Traditional construction sites are characterized by a number of operations thdtasana significant impact

on the overall environmental impacts. Auxiliary structures are often used (scaffolding, formwork, props, etc.),
which ae not always recovered and reused, and which therefore weigh on the overall input/output balance.
It is believed that an engineering of the procedures, with the help of reusable elements, can generate more
savings.

The control of all internal site operatis should be entrusted to the site management, which would involve the
company and the operators in an eféait management of the work, with a view to a maximum reduction of
waste.

Finally, an assessment of the impacts generated by the typical wet wwaksharacterize most construction
sites (concrete mixing plants, mixes, concrete pours, plasters, etonécassary as there are no environmental
indicators to represent the pollution load on the environment.

The waste issue: from packaging to congttion and demolition waste
Packaging is used to protect materials both during storage in the factory and during transport and storage on
site prior to installation. Many materials need to be carefully protected by packaging because they are sensitive
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to moisture, UV rays from the suand weathering. Protected and secure storage areas on site are therefore
necessary. Unprotected packaging or a break in the packaging can alter the performance quality of materials
and cause them to deteriorate even before thare installed.

In addition materials must be protected from humidity and contaminants for indoor air quality: there are
various types of airborne contaminants (dust, fibers, volatile organic compounds, combdstived
substances, biological agentspduced by construction acfities (handling fibrous materials, emissions from
paints and solvents, particulates from combustion to drive machinery) on the construction site. Packaging
absorbs these pollutants, mold and bacteria are formed, and the pradticbntains are damaged.

When working inside the building, it is advisable to protect the ventilation systems, ducts and thermal machines
from dust and volatile substances in order not to compromise hygiene conditions.

Packaging is therefore necessaryt It is a waste that increses the environmental impact. In fact, they are
almost always "disposable” materials, usually polyethylene sheets, which are therefore plastic and have a high
impact, and after a very short life cycle they become site wasteefhieg with these, pallets & used, usually

made of wood, which are burnt on the construction site without energy recovery. Among the environmental
issues on the construction site, waste management is the most important issue. The characteristics of waste
vary according to the typef work.

Construction activities

In general, these are "clean" wastes, such as various material inventories (due to surpluses in orders/supplies),
scraps, defective materials/products, various packaging. Some of them mazbelbus (e.g. painesidues,
tar-containing waterproofing products, containers of hazardous substances, etc.).

They amount to about :20% of the total construction and demolition waste.

Demolition activities

It is "mixed waste of various kinds", conig mainly ofinert materials (bricks, plaster, reinforced and
unreinforced concrete, baked ceramic scraps and scrap from production waste, coarse/rrsdadrstone
material, bituminous conglomerate, crushed stone residue, precast concrete, residueshiggmocessingf
quarry rocks, excavated earth). They amount to aboub8@o of the total construction/demolition waste.

Rehabilitation of the existing building stock

The waste from this type of activity is very similar to demolition waste but contangercentagearger
gquantities of finishing materials and large/meditsized stone material. The recovery activity also produces (in
smaller quantities than the construction activity) inventories of materials, scrap, defective materials/products
and varous packaging.

Waste from the renovation of the existing building stock amounts to abous@¥ of the total
construction/demolition waste.

Correct management of waste generated on the construction site is of paramount importance: prevention and
recoveryshould bethe focus. Prevention must be carried out mainly during the design phase of the project (the
amount of waste produced in construction/recovery/demolition activities depends largely on the initial design
choices); during construction, action caa taken oninventories (by careful management of orders), offcuts
and scraps (by carrying out the work carefully), and materials that cannot be used because they are faulty (by
carefully checking incoming goods). Material recovery allows reuse or recgolihgring two advantages: a
reduction of large volumes of waste going to landfill and the conservation of natural resources.

Many of the wastes produced on a construction site are recoverable (i.e. they can be transformed, after
appropriate treatment, ito new matrials or products), in particular waste from demolition activities.

Selective demolition is essential for the optimal recovery of waste from this type of activity. This must be
preceded by the dismantling of all those finished elements thatsaiigable br re-use (e.g. tiles, thresholds,
window frames, gates, stone and ceramic elements, prefabricated panels, etc.). The subsequent demolition
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operations must aim to obtain waste separated by type (aggregates, metals, glass, wood, plastics, etc.).
Afraction of at least 70% of the total waste from construction/demolition/reclamation activities is inert waste
which, although containing relatively low percentages of pollutants, creates serious environmental problems
due to the volumes involved and bacse it is often disposed of illegally.

Materials from the recycling of construction/demolition waste can be considered equivalent to natural soils and
crushed natural aggregate mixtures and are currently used in road construction (embankment, reaasgub
backfill and fill, accessory layers, foundation layers, cemented layers or in the construction of railway
embankments.

Recycling of aggregates is a sustainable model for reducing volumes to landfill, reusing them in other
construction sectors and saviggarrying.

22.3. Costs and sustainability of projects

22.3.1. COST CONCEPTS INOBIRSTRUCTION SECTOR

Cost is a fundamental factor in the development of any decision, from the initial stages of the construction
process to its conclusion in a "life cycfrspectiveThe importance of cost components in the estimation of
the sustainability of a project focuses on some constituent factors of the feasibility of an operation, namely: the
construction phase, as the global term of the design; the managemdetpirted asthe use of the house
product and the monitoring of its life; the life cycle of the building, represented by the subdivision of the entire
process into various phases.
On this basis, scientific research, worldwide and nationally, investsa tohe in researching theories and
tools for dealing with the cost element, as documented in the most recent legislation and literature.
The objectives of sustainability, in particular energy and environmental sustainability, are transposed into
regulations, guidelies, norms and standards that support the decismaking process in explaining courses of
action at a tactical and strategic level. The economic variable of sustainability, on the other hand, is assessed as
a balancing and intrinsic ¢tor, most often trasposed into methodological regulations formalized in
autonomous documents, or included in general standards.
In the construction sector, the objectives of economic and environmental sustainability are mainly included in
the planning ad design functions ofperations and in the construction of standards for assessing the energy
performance of buildings.
As far as building energy certifications are concerned, they are translated into specific directives at EU level,
while among the mostelevant normative douments worldwide are undoubtedly:

0 IS0 14040:2006, 'Environmental Managemelife Cycle AssessmerRrinciples and Framework'.

0 SO 15686:2008, "Buildings and constructed ass®ésvicelife planning”, in particular Section 5,

"Life Cycle Costing".

With regard to the concept of cost, it is possible to identify, thanks also to the contribution of the European
directives and the legislation mentioned, various types. Firstly, from "ISO 136865, for Life Cycle Costing"

it is possible to identify aiffst type of cost, represented by the Whole Life Cost (WLC), by which we mean the
set of all relevant benefits and costs, initial and future, that occur during the whole life cycle and in fulfilment
of the performance requirements.

In the literature, at derminological level, there is not much clarity regarding the diversity between the concept
of Life Cycle Costing (LCC) and WLC, although a credible distinction can be made. In fact, while Life Cycle Costin
reflects the costs o& product or its componestduring its life cycle, Whole Life Costing represents a much
broader concept of cost, where costs and benefits may include revenues, externalities and costs not directly
related to construction. However, both types include thezeanmental cost componenfFigure 12 depicts the

many elements that WLC includes.

213



Co-funded by the
Erasmus+ Programme
of the European Union

CONSTRUCTION

Demolition Waste

VWhole-life cos
=l

(

| )

ruction

Environment cost

.

Figure 25: Whole Life Cost (WLSpurce: elaboration from ISO/FDIS 156Bért 5: 2008 (E), Fig. 2, p. 6

As can be seen in the figure, the WLC, in addition to the cost elemertie &fGC described below, ataies

into account other elements such as: externalities, i.e. the effects of an economic unit's activity outside market
transactions on the production or welfare of other units; roonstruction costs, e.g. administration cestand

and permit costs anthx payments; and sales revenues.

A second type of cost, provided by the EN 15459:2007 Standard, is the Global Cost, which, besides being easily
adaptable to any type of building, can contribute to several objectives in this. &ndeed, thisnethodology

can take into account the economic feasibility of energy saving alternatives, measure the economic
performance of an entire project at the scale of the building and compare different solutions.

Operationally, this tool is basexh the calculatin of the sum of the present value of all costs in the initial year,
including investment costs. At the end of the period, either demolition costs or the residual value of
components have to be taken into account to find the final costs.

The formula therebre results as follows:

Cg(t) = Ci+ X;[Xi-1(Ca,i(j) x Rd (1)) = Vf,t(j)]

where:

"Cg(t)"is the Global Cost, relative to the initial year'1Qj"represents the initial investment costs;
"Ca,i(j)"is the annual cost for year i for component j (including usage and replacement aogésjanlic
costs);

"Rd(i)"represents the discount factor at year i;

"Vf,t(j)" is the final value of component j at the end of the calculation period.

It is essentialo point out that the discount factor Rd is calculated as follows:

1
(1+Rr)P

Where"Rr"is thereal discount rate antip" is the reference period.
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Finally, a third cost classification, defined by Directive 2010/31/EU (EPBD recast), is based on the concept of
Cost Optimal This is the cost optimum that sets the minimum level of energy performasgeired by a
building, taking into account its energiass.

With reference to a building project with a very high energy performance, i.e. with a low primary energy
demand and high coverage by renewable sources, the Cost Optimal provides the best ennggance value

in relation to cost. In othewords, it represents the lowest cost that can secure the amount of energy required

to meet the energy needs of the structure, during its economic life cycle considered.

This concept can be expressed as in féi@6, where the global cost value, translatédy” ¢ ig Sfiown in

ordinal order, referring to different alternatives (intervention packages), each linked to a different energy
efficiency value, depending on the primary energy needed, translated in k\ig¢nyear.

.

Euro/m?

o Costcurve

Cost optimallevel

>

kWh/m?a

Cost optimal range

Figure 26: Cost Optimal levebource: elaboration from EU Official Journal C115, April 2012, p. 25

The points in the graph represent the different packages, each characterized by its own energy performance
level and cost, thus providingdifferent building solutions according to these two parameters (energy
performance and cost). By connecting the points at the lower extremes, the cost curve can be realized, in which
the Cost Optimal level is derived at the minimumrioFinally, by higlidhting the range of minimum values on

this curve, the Cost Optimal range can be constructed.

If, subsequently, each package is linked to its energy class, the cost curve can be broken down to the optimal
solutions for energy bands.

Ultimately, it is impotant to emphasize that the Cost Optimal not only represents a cost category, but also a
parameter for choosing between various options, both for new construction processes and for interventions on
existing assets.
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22.3.2. Economic and finaaial sustainability

Thefactor underpinning the concepts of global cost, life cycle cost and optimal cost is the cyclical nature of the
construction process or, in other words, the construction life cycle, which can be divided into six specific phases:
initiation, planning, desgjn, construction, operatioimaintenancereplacement and enaf-life- disposal.

Life cyclephases in the co !

i, 2. 3. 4.
Briefina| Planning Desiagn Construction

Figure 27: Life cycle stages in the construction se&ource: Project Sustainability Assessment, Franco Angeli, Fregonara E., 2015, p. 27.

The first relevant diffeence can be observed between tpecliminary and the executive phase: to the former
all activities related to the prplanning and design phases of the building development process refer, related
to the startup, planning and design stages of the lifeleydhe second refers to the impigentation
management activities of the process, generated during the construction, operaténtenancereplacement
and endof-life-disposal phases.
Specifically, the first two stages of the construction lifecycle beegareidentification and identiftation phases,
where alternatives for action are identified and chosen and the project brief is completed. That is, a project
document is drafted that focuses on the desired design outcomes in order to outline the buséaessfor the
project and the degjner. However, briefs are usually used in consultancy projects, when for example an
independent designer or a design agency carries out a design on behalf of a client.
The design phase then equates to the planning stagbetonstruction process, contiimg with the selection
and preparation stage and evaluation through feasibility and feasibility testing.
Next, the construction phase corresponds to the implementation stage of the process, and is equivalent to the
construction site andconstruction. Then, in the operatiemaintenancereplacement phase of the life cycle,
management operations are implemented, which represent the moment of monitaramgrol and
management of the life cycle.
The life cycle process is adnded through thedlemolition-disposal phase.
As already mentioned, the first two phases of the construction life cycle are characterized by the Feasibility
Study (Feasibility Study), a tool often used in economic evaluations of projects. This studis cionisadly, in
identifying the objectives and analyzing the real needs of the client under consideration and, subsequently, in
identifying the performance that the project aims to achieve and the related economic and financial burden.
The third, fourthand fifth phases (. from desigrouild to management) are characterized, instead, by the
Discounted Cash Flow Analysis. In the context of econemizonmental sustainability, this method can be
enriched, as will be shown later, by including, in additio the classic syhetic indicators of profitability (Net
Present Value and Internal Rate of Return), the following indicators of profitability

0 Internal Rate of Return), more appropriate indicators to express the convenience of a construction

process (a.discounted Payack Period).

Finally, a characteristic of the fourth, fifth and sixth phase (from construction teoédite) is the drafting of

the Business Plan, the aim of which is to define the project from an entrepreneurial point of view,assess

the impact of the project on company strategies and, specifically, on capital and ecoefieamcial planning

with respect to the company's activities as a whole. The document therefore assumes a strategic value, allowing
investment decisions todariented: having assessed the economic and financial feasibility of the project, the
Business Plan supports the organisational prefiguration of the actions to be carried out and defines the
resources involved from the point of view of tasks and respalitsits, also using tools provided by Project
Management. Operationally, it translates into a budget simulation using the typical tools of accounting and
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considering the factors most involved in the real estate process (such as, for example, the fieiiecislof
balance sheets).

22.4. Costs of environmental impacts

22.4.1. IDENTIFICATION OHERNALITIES

In conventional LCC, one would choose to consider externalities only if they were related to significant risks or
costs, otherwise the costs @ternalities wouldprobably be included among the "unforeseen™ costs or not
considered at all. External costs that are not immediately tangible or borne directly by one of the life cycle actors
in question or an immediate stakeholder are often overlookadEnvironmental k& Cycle Costing (ELCC), all
environmental externalities that can present themselves as real cash flows (expected to be internalized) in
future decisiommaking should be included in a systematic way, allocating costs to environmetgaiaiies
(Vanclay 2003).

Externalities are normally defined as changes in value caused by a commercial transaction that are not included

in the price, or as side effects of economic activity (Galtung, 1996). When these value chargggsessed in

monetary terms, we spak of monetized externalities.

It is not obvious what to include in a list of externalities or what system to use to identify and characterize

externalities. Different cultures and contexts may favor different assessnaéxternalities. The SETAC

Europe working group has chosen, for example, to list LCC as one of the three pillars of sustainable

development.

Since the main focus is on the LCC, it will be natural to concentrate on those externalities, which cagnaelas

monetary values, but othermay have an impact on the LCC for a product or service. Key criteria for the

identification and selection of external cost categories include the following: they should fully cover all
significant types of economic, eneitmental and social effects due lkmman activities, without overlapping;

they should be characterized in terms of category indicators, which can be easily understood; the quantitative

relationship between the human activity and the impact category indicsthould be modelled; finally,stould

be possible to estimate the monetary value of an indicator unit.

Externalities can be more or less established in society as:

0 externalities that are already paid for by someone along the value chain and arehated in market
transactions, e.gmunicipal waste disposal, health costs, increased safety features of products
benefits to society (e.g. pedestrian protection), job security and the benefits of improved
infrastructure to society. These costs would ibpéeresting to report in the discussiorelated to a
conventional or environmental LCC and will probably not be included, although this depends on the
objective and scope of the case. For a social LCC, it would be highly relevant and necessary to include
them.

0 externalities that can be monetzl, have not been intentionally paid for, benefited from or acquired
by someone and are not included in the market transaction (e.g. impacts of CO2 emissions). All these
costs would be of interest to the Societal L&Gme of them, which may involve futucests (e.g. CO2
tax increase), would be of interest to the environmental LCC if they are likely or thought likely in the
future and relevant to the decision.

0 externalities that can be monetized, are intentionally béteel by an actor and are not included
the market transaction (e.g. free riders). Such benefits would only be of interest to Societal LCC and
Environmental LCC if they were expected to be internalized in the near future.

0 externalities that are difficulio monetize (e.g. the aesthetic valof a species or product or welfare).

In some cases, these costs may be of interest to the Societal LCC (e.g. at an interpretation stage).
0

Depending on the objective and purpose of the study, addpth analysis can show which externalities should

be mvered by an LCC or by other tools, e.g. Societal Impact Assessment (SIA) @en€bsAnalysis (CBA).
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All affected and relevant impactsuae then be classified.

Environmental impacts from a life cycle perspective are described by various authorseatie aubject of
other SETAC working groups looking at different global, regional and local impacts on humans or the
environment. In LCA, @ironmental impacts are described at the midpoint level in terms of potential impacts,
such as global warming patgal and acidification potential, or at the endpoint level, such as excess mortality
in terms of years of life lost. Since externalities@eéined as changes in value, impact indicators at the endpoint
level are better suited to represent externalititisan those at the midpoint level as they represent threats
rather than changes in value (Udo de Haes et al., 2002).

Consider, for example, theauseeffect chain for a toxic chemical. The release of the chemical into the
groundwater will allow it to flowrito a lake, where the chemical concentration could increase to a dangerous
level. Fish may begin to die, reducing the overall fish populaBeentually, fish species could become extinct.

Emission of chemical
into groundwater

chemical fows
into lake

Increased chemical
concentration in lake

Fish population
decreases

Extinction

. endpoint
of species

Figure 28: Example of a causffect chain Source: Prsustainability, Consider Your Audience When Doing Impact Assessment,
Ellen BrilhuigVeijer, 24 March, 2014.

An endpoint method examines the environmental impact at the end of ¢hisseand-effect chain. In this
example, at the extinction of a speciestdpoint method examines the impact earlier along the cawftect

chain, before the endpoint is reached. In our example, a midpoint method might examine the increased
concentraton of the chemical in the lake water.

22.4.2. THE LIFE CYCLE Q@SMETHODOLQG

Definition of Life Cycle Costing

Life Cycle Costing (LCC), also known as Life Cycle Cost Analysis (LCCA), is &Diieb8§ 5:2008 related

to ISO/TC 59/SC 14 activities undertaken in 1997 (Konig et al., 2010). Life Cycle Costing repregpraacn a

for the determination of cols and benefits, with particular attention to the cost components of the whole life
cycle of the product, with the aim of supporting decision making between design alternatives, components or
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single materials on the basiof parameters of efficiency and amwmic effectiveness. Therefore, LCC is a
methodology for the economic assessment of a new construction activity or an existing product that takes into
account both immediate and loAgrm costs and benefits.
There are dferent purposes for which Life QgcCosting can be applied, for example: to compare different
project solutions, by measuring the difference between the estimated life cycle costs; to prioritise project
alternatives, based on the achievable benefit pmit of investment; to estimate thdudget of an already
selected project for a fixed period of time. In general, therefore, LCC analysis can have many functions, including
those of:
0 Atool to support decisiomaking and resource allocation among altermatireal estate transactions,

to determine the most coseffective in relation to a particular time period (the building life cycle).

0 Supporting economic evaluation by orienting the decision not only towards the alternative with a
higher initial cost otower operating/maintenance costs.

0 Tool for analysing a specific case.

0 Support for project feasibility and budget planning involving, in particular, operations on existing
assets.

0 Tool to guide maintenance choices on the basis of global cosstmtagc perspective.

0 Support for design, construction and management cost control activities.

0 A tool for formulating more verified design alternatives that relate to actual performance.

0 Facilitating the comparison of different solutions &jowing the use of aingle indicator, known as

the "economic efficiency indicator”, through the calculation of the economic performance of project
alternatives.

A central aspect of the LCC methodology is the Life Cycle Cost concept, which is repriegehtedlobal or

total cost of a construction or parts of it, in its overall life cycle. Specifically, the LCC allows the determination
of the global cost of a project evaluated in its entire life cycle; the latter can include costs of planning, design,
purchase, use, managemg maintenance, decommissioning, excluding the possible residual value.

Using the global cost calculation, an evaluation of project alternatives can be carried out that present

different investment, operation, maintenance anenovation costs, and differg life cycles.

The Global Cost formula is based on the methodology described in EN 15459:2007 as seen in the previous
chapter, and can therefore be transcribed as:

N
LCC —Z G
B S (L+7)!
=

WhereG is the sum of the relevant costs, N the number of years in the time frame amesidnd r the
discount rate.
More precisely, the formula can be rewritten as follows:

tCn 1
LCC = C; +Z(1+ )L_ r(m)

WhereG is the investment cos(y is the operating cosiGn is the maintenance cost, t is the year in which the
cost occurs and N is the number of years in the entiime period considered; r is the discount rate and Vr is
the residual value of the product, which may be positive (if the asset retains value anthef its life) or
negative (if the asset must be disposed of).

More specifically, since the above forfated model can be considered "simple", the generalised formula
proposed by Bromilow and Pawsey (Bromilow and Pawsey, 1987) is expressed belowdiatiiguishes
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annual costs, considered constant over time (e.g. energy costs, cleaning costs), frontirdiscsncosts (e.g.
maintenance or replacement costs). Formally, Net Present Value (NPV) is presented as:

n T
NPV =C, + ZZ Co(l+1) "+ ZZ Ci(1+1) " —d(1+ ry) "
t=1

i

WhereG is the procurement cost at time @ is the annual cost at time t to support function j, i€ the cost

at time t of discontinuous funain j, riy andr; are the discount rates applied to functions i and j, d is the value

of the product to be disposedf, less the costs of disposal, andsrthe discount rate applied to the disposal of

the productintime Oto T.

It should be rememberedhat all cost components recognised as relevant should be considered in the LCC
analysis, thus excluding costs comsill as not relevant, i.e. costs that do not vary in the different project
alternatives, sunk costs incurred in the initial phase of thivelg and costs related to taxation.

In conclusion, there are several approaches to economically evaluate thetodstsincurred during the life

cycle of a property, including: Life Cycle Cost Planning, to support the estimation of costs when faced with
alternative solutions; Full Year Effect, to evaluate sternn costs; Life Cycle Cost Analysis, the subject of this
chapter, to support the evaluation of projects in the definition phase, focusing on life cycle costs; Life Cycle Cost
Management, a tool sed to improve the organisation of the management of a property.

Cost categories in construction

For theclassification of costs in the various categories for the construction sector, the 2007 document in Davis
Langdon Management Consulting, "Life Cyasti@ig (LCC) as a contribution to sustainable construction. A
common methodology'.

The following figure gbws the timing of the cost categories provided in the abaventioned document (called

the 2007 Report) and each phase of the construction life cylobegcost components are grouped into maero
items that can be identified in the document.

The Briefing an®lanning stages are associated with the categoi@mssts in the Acquisition Pha%and "Non-
Construction Costs these categories represent investme(capital) costs, in particular for the acquisition of
the building area or real estate, briefing devetoent costs, procurement costs, legal consultancy costs, design
costs, costs for internal resources and administration, and others.

The Design and Csimuction stages are instead associated with the categof@ssts in the Acquisition Phase
and 'Construt¢ion Cost$, which include design and engineering costs, costs for gheparation and
construction site, construction and testing costs, and codtted to the production of documents required by
legislation.

The OperatingMaintenanceReplacement stageare linked to the Operating/Maintenance/Replacement
Costs$ categories which represent respectively:

0 Costs related to the management of the assetegting costs including utilities, taxes and insurance
(water, energy, etc.), regulatory audits amspections, facility management services.

0 Maintenance costs: costs for repair, current replacement, minor work, replacement of small
components, suspensiarf activities during maintenance operations.

0 Replacement costs: costs related to the replacemenmhajor components, elements or systems,

suspension of operations during such operations, new regulatory requirements.

Finally, the Enaf-Life Disposal stges are associated with the categorid®etovery/Disposal/Demolition
Costs which correspond to the disposal operations (final inspections and related professional fees),
demolition costs, waste disposal in landfills, land clearing and restoration, witlhging into account the
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returns related to the possible sale of buildimgterials.

A project thus determines simultaneously different costs along the building life cycle and a different ratio of
construction cost to maintenance cost. Different projecés ¢herefore express considerable differences in
operating and maintenanceosts, energy consumption and material replacement cycles. The choice between
design alternatives strongly depends on the objectives set in the real estate operation; spedifiealBgision
depends on the relevance assigned to investment costs versersating costs.

Finally, there is an important premise that precedes the operational steps of the method: when comparing
project alternatives, only relative costs are usually takén account as comparison factors, thus neglecting
the cost components eoamon to all the projects under examination and inflation, which is also a common
factor. It is a primary requirement that each project generates the same level of performancehevgarhe

time period, so that cost/benefit differences between the diffetgroject alternatives are captured in the
comparison.

22.4.3. METHODOLOGICAL ASFEC

The LCC application requires the following operational process divided into fifteen steps, of whehrh
optional:

1. Identification of the fundamental purpose of the analysif’he LCC addresses two main issues,
namely that of choices related to planning, budgeting and procurement operations in the case of
investments on existing products; or that of ¢bes about productcquisition or choices between
project alternatives, where the provision of financial options is indispensable.

2. ldentification of the initial scope of the analysisThe phases of the product life cycle to which the
methodology is appliednd the context 6 the analysis are defined; as regards the context, it is
essential to specify the dimension analysed, distinguishing between a single product (e.g. a building),
a single component or a portfolio containing a specific number of assets.

3. ldentification of the links between LCC and environmental sustainability analysis: The tool illustrated
here takes the LCA approach among the methodologies for environmental assessment, given its
particular versatility, its consolidation in the constructeector and its bds in international standards
(ISO 14040 and 1SO 14044).

Although LCC and LCA are two completely different operations, applicable in different and separate
disciplines in the construction field, they can be used in a synergistic way;gathewarious ways in

which these two methodologies can be used together, there are for example, the joint mode, for a
more extensive and complete analysis, or the integrated mode, by using the results of an LCA analysis
as input to an LCC application dcevvesa.

4. ldentification of the period of analysis and of the economic evaluation methodsis phase is
undoubtedly the most relevant. The analysis period is defined as the time span over which an LCC
analysis is carried out and can be based on the dMificycle of the product, on specific consecutive
time periods between a defined start date until scrapping or on other parameters such as the duration
of ownership of the product by an individual. When dealing with time periods longer than one year,
there s a need to operate the discounting tool provided by financial mathematics, in order to make it
possible to compare amounts of money presented at different times and referring to different
amounts of costs. This instrument, for the purposes of thalygsis will be examined in more detail in
the following paragraph.

However, the period of analysis usually coincides with a time between 20 and 50 years, and should
not exceed 80 years in order to limit the uncertainty in the input data used in the asalys

Asfar as economic valuation methods are concerned, the calculation of Total LCCs can be carried out
by means of different mathematical models; the basic formula (ASTM, 1989) is as follows:
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N
LCC = Z C !
B “(1+d)t
t=0

Where LCC expresses the present value of the sum of theahdismounted costs (t, for the time period,
N (number of periods t), established a certain discount rate d.

The literature provides various evolutions of the general mathematical model outlined above (Task Group
4, 2003; 1SO 15686Part 5, 2006; DLangadn Management Consulting, 2007). While the basic model
considers costs according to certain groupings (acquisition costs, construction costs, operating costs, etc.),
other models combine energy costs into a single group, discounted at a differentaredethers divide
continuous costs over time from discontinuous costs.

Thanks to the models used, it is also possible to calculate certain economic valuation values by using
synthetic indicators, also in a joint manner, in order to strengthen the esématese indicators are
discussed in more detail in the following section.

5. Identification of extra analysis needs, such as sensitivity and risk/uncertainty analf&isk elements may
arise especially in connection with forecasts of future costs and rstarim their timing.

If there is a need for a risk analysis, which may exist in a real risk management plan, steps X, XII and XllI are
taken.

6. ldentification of product and project requirementsThe characteristics are identified.

The maincharacteristics of th product in relation to the context of the intervention and the predefined
objectives of the project. These characteristics are recognised on the basis of the product's functionality
and the most relevant physical features.

7. Identification of alternativesto be included in the analysis and cost items to be consider&de identified
alternatives are checked to ensure that they are sufficiently detailed to ensure the construction of cost and
time data. Alternatives are clearigentifiable from the purposefahe analysis, the design and the product
requirements.

Two cases are distinguished: the analysis carried out in order to create the future budget of an existing
product and the analysis carried out to identify the best aitdive among a set of possibsmlutions
previously identified. Clearly, options are only evaluated for those factors that are most relevant to future
product costs and performance, i.e. the relevant costs.

8. Collection of cost and time data to be used hretanalysis: As far as the idditation of cost data is
concerned, the main steps are: identification of all relevant costs through the Cost Breakdown Structure
(CBS) technique for the deconstruction of cost components; prediction of the value of esigtenoto be
included in the aalysis; identification of the time referred to each cost item (as far as maintenance and
replacement are concerned); identification of the alternatives to be included in the analysis, through a
separate sustainability checkn the same ISO 15686Part 5in support of the formation of a CBS, a
categorisation of costs is expressed, detailed in specific items, relative to four main groups: Acquisition
costs; Maintenance, Operation and Management costs; Residual values/Dispusta] Other cost
variables.

With regard to the temporal issue, a distinction is made between costs that occur at the beginning of the
analysis (e.g. acquisition and construction costs), costs that occur at regular intervals (e.g. cleaning and
routine mantenance costs), and costs thatcur infrequently (e.g. renovation, replacement and disposal
costs).

9. Checking the values of the financial parameters and the period of analydie financial parameters, such
as the discount rate, inflatioiaxation, and the reference time frame estaied previously are taken into
account again, with the aim of moving forward with their final confirmation before proceeding with the LCC
analysis.

Moreover, in this step the Method of economic analysis is iified (usually PBP and NVP seenin It ig als
essential to emphasise that financial parameters, in particular the discount rate and inflation adjustment,
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should not be used indiscriminately for every item included in a CBS, but diversified in reldtien to
different cost components. It is also esdial to emphasise that the financial parameters, in particular the
discount rate and inflation adjustment, should not be used indiscriminately for every item included in a
CBS, but should be diversified inatgbn to the different cost components.

Reviav of the risk strategy and production of a preliminary risk/uncertainty analysis (optional): this

step is aimed at reviewing the risk strategies identified in step 5 in order to continue, in steps 12 and 13,
with a detailed risk analysis.

Production of theeconomic evaluation This step is linked to the LCC analysis on the basis of all the
information gathered so far. It is usually supported by the use of software tools or worksheets.

The LCC analysiperation requires specific data entry steps, includipgeparing the worksheet (or
software) according to the data to be included and the output requirements to be processed; entering the
main parameters, i.e. the reference period, the discount rate txgdeconomic valuation method; entering

the cost compoents through a CBS and their value; entering the time intervals relating to the instant of
entry and the following recurrences of each item in the CBS. Once the data entry process is complete, the
life cycle costs are quantified and examined.

However, thedata entry, cost quantification and result analysis phase can be repeated using different
valuation methods or different parameters (such as inflation components or discount rates).

Application of déailed risk/uncertainty analysis (optional): Fordepth risk analysis, it is useful to refer to

the Monte Carlo tool for the elaboration of a quantitative risk analysis.

With the aim of producing a statistical model of the impact of the risk, aftentifying the

critical items, the probability distributiongssociated with them are collected from the risk register.
Outcomes are highlighted by the percentage probability that totaldifele costs will exceed a certain
quantity and by the distributin of potential costs, emphasising the most probable quantity

Application of sensitivity analysis (optionalY:his analysis is performed in order to identify the sensitivity

of the output of an LCC to varying input values.

Operationally, the value dhe pre-identified critical variables is increased or decreased certain time
frame and the analysis is iterated with the different quantities identified in the previous time frame.
Interpretation and presentation of initial resultsThe most appropri@ format (graphs, tables, etc.) for

the presentation of the redts is identified. In addition, the results of the LCC analysis need to be
supplemented with additional analysis and interpretation, such as through the presentation of results as
a percerage of investment capital or acquisition costs, or in relatioruhits of measurement deemed
appropriate.

Presentation of results and preparation of final reportén general, reporting is divided into two phases:
the narrative phase, where the produdhe related project and the hdlepth LCC method are described,
and the tabular phase, produced by tables summarising information on costs, the project, annual
expenditure and key parameters.

The table also shows the total discounted cost profiles and timeial cash flows (costs per year, cumulative
costs, nominal anndaosts, NPV of annual costs and NPV of cumulative costs). In conclusiordéipghin

LCC model is presented with its cost profiles, expressed for each year and for each component oy,catego
taking into account their time distribution.

However, thesdifteen steps can be summarised, resulting in the following iterative process:
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a. Description of the analysis objective

Identification of requirements and analysis parameters
Statement ofproject requirements and necessary means
Collection of costs and perfarance data

Implementation of the analysis

Interpretation and illustration of analysis results
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22.5. Integrating LCA and LCC: environmental Life Cycle Costing

22.5.1. REPORT BETWEEN CELEOSTING E LIFE CYWASESSMENT

Life Cycle Costing and Life Cycle Assessmapptoaches share different theoretical and operational
assumptions. Indeed, both consist of analysing fwrgy impacts in the decisiemaking process, require
various sets of ingt data, analyse operations and maintenance, consider the recycling/dispitesadative and
support decisions when choosing between alternative solutions. At the same time, however, the two
methodologies differ in terms of the results they lead to thorbugnalysis. While LCC is based on the
combination of all relevant costs reéal to a product output expressed in financial terms, and used as a starting
point for directing investment choices, LCA supports decisiaking on the basis of potential enviroemtal
impacts through the generation of scores and categories referring¢tusively environmental criteria.

The two methodologies do not therefore necessarily have to generate a common result, although it is preferable
to integrate the environmental aget with the LCC from the very beginning of the study, taking into account,
however, a certain freedom in assigning greater weight to financial rather than environmental outputs,
depending on the objective of the analysis.

The synergies between LCC and LCA can occur according to different options: the two approaches can either be
studied as two criteria in the evaluation of a single investment solution and be consequently integrated into the
set of evaluation criteria, or bstudied as two of the criteria identified for the analysis of alternative solutions;
moreover, LCC can alse used as a means to economically and financially assess shared environmental impacts
that are calculable in monetary terms; LCC can also be asexl means of financially assessing alternative
solutions previously identified through an LCA; LCA can ég as a means of identifying alternative options
with positive environmental performance with the aim of subsequently carrying out an LCC stlhasivetg

on those options; finally, LCC can also be used to identifyaffistent alternatives on which abhCA analysis

will then be used as a basis for the final choice.

The order in which LCC analysis and LCA are employed depends on the prioigiesdasthe two types of
impact related to them.

As already stated, LCC and LCA can be used in differest @egn integrated. In fact, if on the one hand they
can be perceived as two separate operations but used in a parallel way, on the other haméthey used as
mutual interventions along the evaluation process, or even as inputs to each other: dhedthodologies,
therefore, can be used in a single, integrated or joint way.

The study of the relationship between economic and environmentalofacfrom a Life Cycle Thinking
perspective has been taken into strong consideration in recent literaturdy thié main aim of identifying a

way of integrating two very different disciplinary approaches into a single methodology, thus overcoming the
evaludion approach that considers the economic and environmental dimensions separately.

However, the combinationfahe economic and environmental factors presents several difficulties, including:
the use of different units of measurement; thigeneration of different objectives, relating to the economic
efficiency of the investment in the case of LCC and to envirotethprotection in the case of LCA, different use

of the financial discount, always used in the economic sphere of LCC by emlthadiimge factor but not used

in the case of LCA.

In any case, the primary condition for the joint application of LCC andsLiBd availability of data, regardless

of the tool used, which may consist of popular commercial software -bioirse tools basedn spreadsheets

and local data. As far as the essential data for LCC analysis are concerned, they refer both to the existsated
related to the different project operations and to the estimation of life expectancy and maintenance intervals.
On the othe hand, the LCA analysis requires both the reconstruction of the main processes of the production
systems related to the buildg components and the whole building, and the identification of the respective
quantities of raw materials and energy consumedtg production processes identified above. If a local case
analysis is carried out by means of worksheets, it is necessahaue either databases with excellent
information assets or cost samples that have been created specifically for the analysiseaninificant
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enough to compare alternative design options.
In the figure below, the alternative options subject to the joamalysis provide the points reproduced in the
following figure.

Alternatives

Environmental impact

Economic impact

Figure 36: Alternatives subject to joint analysBource: elaborated by The CILECCTA Partners, Sustainability within the construction sector, SINTEF
Building and Infrastructure, SINTAgademic Press, Oslo, Norway, 2013.

Regarding the combination of LCC elements with others from the LCA maueisiaerable contribution is

made by the secalled Environmental Life Cycle Costing. It constitutes an alternative type of LCC which, as will
be seen later, represents an important step forward with respect to the traditional methodology, as it takes
into account both the costs related to the life cycle of a product and the externalities generated along it, which
externalities are anticipated arttien internalized at a later stage. Thus, the costs related to the environmental
externalities produced by theavious phases are internalized in the business processes in order to be analysed
from an economic point of view. The internalization of extdities is possible thanks to the support of a
number of very different models which, for example, refer to thexagpt of external costs, eewosts or
willingness to pay (SETAC, 2008).

22.5.2. ENVIRONMENTAL LIFMECE COSTING: DERON AND OBJECTIVES

The Enviramental LCC is an approach used to estimate the economic dimension alone or as part of a
sustainability assessment. Therefore, with regard to environmental assessment, it is of utmost importance to
provide an assessment that can be quantified and thus usedeasure progress. Without parameters and
thresholds, sustainability aspects cannotrhanaged and thus improved. It is assumed that the environmental
dimension is covered by LCA methods and the social aspects by other approaches, which, howeweseate pr

in the early stages of development (Klopffer, 2003; Hunkeler and Rebitzer, 20@feiiée 2006).

It should be noted that the ELCC methodology is usually used for validated, albeit approximate, cost estimates,
e.g. for product development or marketingnalysis. With its comparative and systemic nature, aimed at
decisionmaking in the cordxt of sustainability, it does not replace traditional detailed cost accounting or cost
management practices. Rather, itis a specific, defined and to be standatdsldo estimate decisiomelevant
differences between alternative products, based oealr monetary flows, or to identify potential for
improvement within a life cycle.
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It can also be noted, with reference to LCA terminology, that the LCC method preédwreaims, primarily,

at a consequential approach, and thus resembles LCC planningvElout can also be used for LCC analysis
(similar to the attributional LCA approach) if the required purpose (e.g. reporting and learning purposes) is
achieved.

In general, the ELCC aims to:

0 compare the lifecycle costs of alternatives;

0 identification of direct and indirect (hidden) cost factors;

0 recording the improvements made by a company in relation to a particular product (reporting);

0 estimate improvements made tplanned product changes, including process changes within a life

cycle,or product innovations;
0 identify winwin situations and tradeffs in the life cycle of a product when combined with LCA.

The terms and boundaries for economic systems, as well &éiail and natural systems, are not synonymous
with those of theproduct system in LCA. For a common assessment of two or three of the sustainability pillars,
the product system must have equivalent system boundaries (Klopffer, 2003; Schmidt, 2003iffetend
analyses must therefore have the same time span and tlaesame life cycle stages as object of study. If a
perfectly free market is examined, without any environmental taxes or subsidies to account for externalities,
ELCC could focus only on taeonomic system provided the following condition is met. ELCQ lneuapplied
together with environmental and/or social assessments for the same product system with equivalent system
boundaries. In such a scenario (even if simplified), all externalitiesavered by the other assessments within

the sustainability asssment. On the other hand, if taxes and subsidies exist and are comprehensive and fair,
or justifiable by the collection of a social surcharge based on the burden of a product, then tlogréceystem

can be used as a simplification for the entire soeiadl natural system. Thus, in the ideal case where all
externalities were fully and perfectly covered by tax and subsidy mechanisms, at national and supranational
levels, the LCC could proeidall the necessary information, making systematic environmema ather
assessments unnecessary for all but the newest products.

Clearly, the above economic assumptions are oversimplified and, in particular, the latter (full coverage of
externalities bytax and subsidy mechanisms) is highly unlikely. If one assuratththtax system is valid for
certain products, and not for others, from a so@ovironmental perspective, the integration of externalities
(White et al. 1996; Shapiro, 2001) might, indmg provide the complementary information needed to consider

the social and environmental consequences of a decision. This would lead to a full aggregation of the three
pillars of sustainability (economic, environmental and social) in monetary uniteugh such aggregation may

be desirable from a decisieamaking eas perspective, it may be contradictory to the objectives of making life
cycle approaches transparent, understandable, operational and easily applicable in routine detgiog.

This is reevant for companies of all sizes, as a complete aggregation vdoatdically increase the complexity

of analyses and introduce additional value choices and important methodological problems from other
disciplines, such as, for example, macroeconomic-bergfit analysis. In conclusion, it seems appropriate to
base theLCC, as long as it is defined by other independent assessments such as the LCA, on the assumption of
a predominantly unregulated market, even if this includes some double counting fomakiffects actually
internalised through taxes or subsidies antréduces additional uncertainties. Double counting is, clearly, a
problem to be minimised, although its total avoidance is unlikely and one should be aware of where it occurs
and ensure thait is consistent for all alternatives compared.

The term "life cycle" should be seen in a similar way to the physical life cycle of a functional unit, as in LCA.
However, while the latter usually includes the stages of production (from extraction ofnraterials to
production), use and consumption ared-of-life (i.e. "cradle to grave"), the life cycle in LCC may start even
earlier and include the "knowledge" phase (e.g. research, development and acquisition through the supply
chain). This is not a fuadhental difference for the physical life cycle IdEA as research and development
activities can easily be included in LCA as well. It is plausible to assume that for most industriptodased
products, the resources consumed and substances emittathduhe R&D phase usually do not have any
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significant impact on environmental performance, as they can be allocated to a large nhumber of products.
Moreover, the absolute material and energy flow originating from R&D is rather limited, as it mainly concern
thought processes and modelling and calculatias, well as laboratory and testing work, but not large
production volumes. Therefore, it could be argued that R&D is also part of LCA, although usually not included,
because its direct impact can be negkstiRebitzer, 2005).

Other elements that are usuglnot included in the LCA, such as marketing activities, can also be consistently
included in the physical life cycle with the same logic as the R&D phase. They may be considered as part of the
production phase which is neglected in LCA due to their ndiynimsignificant influence. However, if for
example a marketing campaign causes significant environmental impacts, these should be included within the
limits of the LCA system. The same reasoning ap@igdgrastructure and machinery, which are ofterciaded

in LCA because they are considered negligible, although they are often very relevant in LCC. It is not a question
of inclusion or norinclusion, but rather whether the resulting effects on costs nvieonmental impact are
relevant for the assessmé&n Therefore, as there are thresholds for any economic or environmental
assessment, LCC and LCA are consistent. Although several elements fall below the generally acceptable limits
of about 5% (Rebitzer0D5).

It can be noted that additional elements thare economically interesting, although not environmental, can be
included without violating the framework conditions according to which the boundaries of LCA and LCC should
be equivalent. The same appligsa specific assessment of the environmental @asdnomic implications of a
decision. If selected parts of the system are not taken into account in the economic assessment because they
are known to be insignificant, they can still be included in therenvinental assessment and vice versa. It could

also be said that the assessment system (environmental or economic) and the scope addressed (which
environmental or economic impacts to include) may be different, although the boundaries of the system that
relate to the product system must be equivalent.

Obviausly, the scope of the ELCC must differ from that of the LCA, as the object of the study is not the
environmental impacts, but rather costs. However, there are also connections and overlaps here.
Regardingourely economic costs, figure 24 shows the modévant ones and how they are linked to the
elements of the LCA. Costs related to aspects that can be derived directly from an LCA are written in bold italics.
The input data in the life cycle inventory af &CA provide the quantities of these flows and tiosts can be
obtained by multiplying these flows with the respective business costs or market prices (e.g. purchase of
materials). The cost aspects written in italics in the table can be derived paitiglicectly from the information
contained in a f& Cycle Inventory (LCI). For these aspects, it is necessary to collect additional information (e.g.
labour requirements for the operation of a given process). If this is done in conjunction with theisistadaht

of the LCI model, minimal effort is reqed, as all processes are studied and analysed in depth for the LCI. Only
the costs associated with research and development (R&D) of the product cannot be derived from the LCA
model if the R&D phase is euded in LCA, which is generally the case. Thegelghiherefore be determined
separately.
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Connection of LCA elements with ¢ ostsin LCC
Cost for product manufacturer Cost for product user
Production Materials* Acquisition
Energy
Machines, plants
Labor
Wastemanagement
Emission controls
Transports
Marketing activities
Use Maintenance and repair (warrenty) Transport
Liability Storage
infrastructure Materials
Energy
Maintenance ad repair
Infrastructure
End of life Waste collection, andisassembly/  Waste collection and disassembly o
recycling/disposal if take back Recycling or disposal

schemes or the like exist

* categories in italics can be directly or indirectly derived from LCA

Figure 37: Legamidrelementi di LCA con costi di L-&Bnte: Integrating life cycle costing and life cycle assessment for managing costs and
environmental impacts in supply chains. In: Seuring, S, Golbach, M, editors. Cost management in supply chains. Heidedog)d?{@sicaVerlag,
Rebitzer, 2002, p 127146.

It can be observed that all those processes within the product system that are covered by the LCA provide a
good basis for deriving the associated costs directly (for material and energy flows) or indirgcflyr (ebour

and capital equipment costs). Next, only costs that occur in physical eplngsical (intangible) processes,
although not considered relevant for the assessment of environmental impacts, need to be added. This also
applies to costs and imptcthat, if considered relevant to the objective and scope of the assessment, are
determined through inpubutput LCA.

While purely economic lifeycle analysis can be based on the input data of the LCI and, if necessary, can take
into account additional kements not present in the LCI, the situation is different when it comes to
environmental costs. In the Life Cycle Thinking analysis, environmental costs are considered as negative
externalities, i.e. as negative effects of the life cycle of a produamice. This is also because the very nature

of environmental costs does not specifically reflect the life cycle of a product, but relates more to the overall
business. For this reason, the ELCC methodology will analyse the negative externalities getmrgtie life

cycle of a good and not the environmental costs that arise from operations attributable to business
management. These externalities are therefore calculated from the output data in the LCI, which can then be
converted into monetary terms tiough different economic valuation methods, as reported below.

The aforementioned links between the LCA product system and its processes and corresponding material and
energy flows, as well as other exchanges (e.g. land use, emissions and waste) aneldhechital basis for the

ELCC, which consists of nothing more than the LCC methodology based on the life cycle inventory (LCI) provided
by the LCA.

When discussing the scope of ELCC, it is also important to clarify what it is. ELCC is not a finan@gkoaiman
accounting method, rather it ia cost management methodh the context of sustainability (Seuring, 2003),

with the aim of estimating the costs associated with the existence of a product, just as LCA is not a method of
accounting for the absolutergironmental impacts of a product, but rather a tool for comparing certain
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alternatives. Figure 25 compares cost management and financial accounting. If one seeks to analyse the life
cycle costs of a product in detail in order to identify cost driversteade-offs for decisions within the life cycle,
existing approaches such as actidiygsed costing (ABC) can be used. For such applications, the LCC and ABC
complement each other. The Environmental LCC is also not intended, nor is it recommended, &staating

for sustainability analysis, as it is only one of the three pillars of sustainable development.

Comparison of cost management and financial accounting

Cost management Financial accounting

Internally focused Externally focused

Nomandatory rues Must follow externally imposed rules
Financial and nofinancial management; Objective financial information
subjective information possible

Emphasis on the future Historical orientation
Internalevaluationand decision based on very Informationabout the firm as a whole

details information

Broad and multidisciplinary More seltcontained

Figure 38: Comparison of cost management and financial accourfiogrce: Hansen D.R., Mowen M.M., 1997,
Management accounting, 4th ed. Cincinnati (OHutB&Vestern.

Environmental Life Cycle Costing (ELCC) is therefore overall a comparison oflthedistaelated to the life

cycle of a product, incurred by one or more parties (e.g. supplier, producer, user, consumer, persons involved
in the socalled 'end-of-life" phase). The main accounting systems for costs oriented towards environmental
protection are based exclusively on the physical life cycle of the product. Instead, multiple phases should be
analysed, which can be extended and specified if nesgssesearch and development, production, use and
maintenance and management during the dispqa@dse (Hunkeler, Lichtenvort & Rebitzer, 2008).
Environmental Life Cycle Costing, in contrast to traditional LCC, introduces-ta#iesb environmental cost

into the analysis. These are economic costs of using the environment, especially paid for thiethse
environment, green taxes, emission control expenses and expenses for commercial green products. In other
words, compared to the traditional LCC, theCELconsiders economic costs extended by external costs that
could potentially arise in the futur@Hunkeler, Lichtenvort & Rebitzer, 2008).

The ELCC analysis, as already mentioned, has to be performed during the second phase of the LCA, i.e. the
inventoryof input data (while creating the material and energy catalogue, the cost caleteemined at the

same time) and the inventory of output data (by considering the amount of emissions and waste, one can

e.g. determine the level of the environmental use taxhe case of the country conditions in question) for the
respective individugprocesses and the functional unit taken. In essence, ELCC is realised when "inputs and
outputs"” are represented in a financial measure (Hunkeler, Lichtenvort & Rebitzer, 2008)

Considering the ability to determine potential income on the environment, l@tiducers and consumers

can look for products that have the least impact on the environment (LCA) and have the lowest life cycle cost
(ELCC).

In conclusion, Environmental Lifiycle Costing is defined as the sum of the costs incurred at the time of design,
construction, production, transport, use of the items until the end of storage, use and disposal. In addition,
during the implementation of ELCC, it is important to deternthreetime horizon (life) of the product in order

to perform an analysis over avgin period of time. Environmental Life Cycle Costing, as mentioned above,
refers to all costs. This concept generates the following calculation formula:
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ELCC= Cic + Cin H+@0 + Cm + Cs + Cenv + Cd

where:

Cic: initial investment cost,

Cin-installation cost,

Cs- energy cost,

Co- cost of cooperation,

Cm- maintenance and repair costs,

Cs- exploitation interval and cost of lost production, Cerenvironmental cost,
Cd:disposal costgeprocessing, recovery, etc. (Kowalski, 2007).

This formula only indicates the exit base, which is modified individually by each subject and adapted to the
appropriate choice. Furthermore, in accordance with international research, tR&CEhould includéhe
investor's risk using an appropriate discount rate.

The ELCC differs from the principles of the LCA method in that it includes not only environmental impact but
also costs. In fact, ELCC and LCA complement each other. However, it @Jirsancialaccount method,

but a method for managing costs in sustainable development in order to predict the cost of each product. On
the other hand, LCA is not an accounting method but a method required to receive information on the full
impact ofa product on theenvironment, which is crucial in the estimation of alternatives.

22.6. Practical Approach
Video

https://www.youtube.com/watch?v=2B|8ALg0rSY

22.7. Evaluation

1) The incidence of transport dbuilding materials and components from the factory to the construction
site
A. May be negligible
B. Not at all negligible
C. May only be negligible in some cases
2) What is the amount of waste due to the renovation of existing buildings?
A. Approximately 1e20% of totalkconstruction/demolition waste
B. Amount to about 3040% of total construction/demolition waste
C. Amount to about 4660% of total construction/demolition waste
3) The factor underpinning the concepts of global cost, life cycle cost and optimal cost is the cycditake
of the construction process, which can be broken down into how many specific stages?
A 4
B. 5
C. 6
4) The concept of project quality is linked to which aspects?
A. economic, environmental and energy
B. economic, environmental and structural
C. Environmental, energy ahstructural
5) What is Life Cycle Costing?
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It is a methodology of economic evaluation of a new construction activity or an existing product which
takes into account both immediate and lotgrm costs and benefits

It is amethodology of economic evaluation afnew construction activity or an existing product which
takes into account both immediate and meditterm costs and benefits

It is a methodology of economic evaluation of a new construction activity or an existidggtrihat

takes into account both imediate costs and benefits

6) By calculating the global cost, an assessment of project alternatives with different investment,
operation, maintenance and renovation costs, and different life cycles can be carried out.

A.
B.

True
False

7) The LCC application requires operational process divided into how many steps?

A.
B.
C.
A. The analysis based on Environmental Life Cycle Costing must be performed durirsgptiond phase

B.

C

5, 2 of them are optional
10, 3 of them are optional
15, 3 of them are optional

of the LCA, i.e. the invemtry of input data.
True
False

8) What does the GWP100 (Global Warming Potential, 100 years) express?

A.

B.
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It expresses the global warming potential and represents the negative contribution of a certain gas to
the greenhous effect, in relation to CH4, identifieas the reference value and with a potential of 1.

It expresses the global warming potential and represents the negative contribution of a certain gas to
the greenhouse effect, in relation to CO2, identified as #ference value and with a potential of O

It expresses the global warming potential and represents the negative contribution of a certain gas to
the greenhouse effect, in relation to CO2, identified as the reference value and with a potential of 1.
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23.Material selection with the LCAethod

General Description

Acquiring knowledge for the assessment of the sustainability of building materials, for the choice of ra
secondary raw materials and for the selection of recyahragerials. Participants will be able to understan
the envronmental parameters (input, output, Eéndicator assessments and ewdHlife data) that
characterize the selected materials to be used for the construction of a building

Learning Outcomes
Uponsuccessful completion of the Unit, the learner should:

Knowledge Good knowledge of sustainability assessment of building materials, raw materials
secondary raw materials

Good knowledge of the environmental parameters that characterise the various

materials

Skills Ability to compare alternative productg onaterials in order to choose the least
impactful ones

Competences Identification of the cruciabnvironmental aspects of materials and systems used, al

the entire life cycle, and development of new alternative design scenarios

Identifyingopportunties for improvement, from an environmental point of view, of a
particular productproduction cycle, also contributing to the optimization of the use (¢

resources

Delivery and Assessment

The unit will be delivered through: The unit will be assessed through:
Discussions - Examination

Handson " Oralexamination / exercises
Lessons " Project

Role-play x Written exercises / test

23.1. Theoretical approach

23.1.1. NEW ECEFFICIENT MERIALS
The concept of ecefficiency

Ecoefficiency is about offering goods andrgiees at a competitive price that meet human needs andure
quality of life, while reducing ecological impacts and resource intensity throughout the life cycle to a level at
least in line with the Earth's estimated carrying capaéiticcording to manykceefficiency is primarily a
business concept, i.e. opanies that follow an ecefficient management process can achieve higher revenues
with less material and energy expenditure while at the same time obtaining lower emissions, waste and releases
of pdlutants or toxic substances. Eefficiency can be resgched and implemented both within the company
(especially steel companies) and externally, along the entire value chain of the product or service offered.
The concept of Eeefficiency was first puforward in 1993 by the World Business Council $oistainable
Development (WBCS® . According to the WBCSD, Efticiency can be pursued through different strategies:

T reduce the intensity of the materials used;

1 Definition presented by the WBCSD (World Business Council for Sustainable Development)cati¢éhdaReiro World
Conference on Environment and &opment in 1992.

12 The World Business Council for Sustainable Development provides a platform for companies to explore sustainable
development, share knowledge, experiences and best practices, and/tzate business positions on these issues in a
varigty of forums, collaborating with governments, ngevernmental and intergovernmental organisations.
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reduce the intensity of the energy used;
reduce the dispersion of toxgubstances;
promote the recyclability of materials;
maximising the use of renewable resources;
increase the life of the product;

increase the effectiveness of services.

This concept is considered to be the starting point fbe formulation of sustainable development
implementation processes, ending with the scientific approach oflBeovation. Ecdnnovation refers to the
implementation of new production processes, new products and services, new management methods and new
business techniquesyhich can avoid or reduce risks to the environment.

In 1996, the World Business Council for Sustainable Development, together with other organisations, developed
basic indicators to try to further explore e@dficiency. Once identifiedthese indicatordhiave been used as a
method of encouragement and support for companies to measure theefency values of their actions,

while at the same time assessing progress and performance against targets. The basic indicators have also been
included in the cortsuction sector, to allow the control of processes and products, developing in this way,
scales of investigation used as a means of communication and comparison between actors, stakeholders and
in-depth research, in this way all compasiean use them acoding to their needs for external communication

about goals achieved or under development.

It is essential, however, to specify that Egfficiency indicators, like all indicators in general, cannot measure
and communicate all the inforation obtained fromthe study that is carried out, because depending on the

type of information that is put on the market related to a given product, the credibility of the indicators
themselves is derived. Credibility is assessed by external instruntedésonstrate tranparency in the design

of the indicators.

The three eceefficiency indicators that define the starting point for studies and application experiments are:

1. Resource productivity indexThis first eceefficiency indicator is used to expretbe materials,
energy that are contained in a company's usable productgrbygucts and waste, compared with
the materials and energy consumed for production, all expressed as a percentage.

2. Embedding and disposal costs as a function of percentage ofiifet The indicator is designed
to divide the production cost of a product plus the cost of its final disposal, by the number of
years of its useful life. The main objective of this indicator is to move towards good life cycle
management and recyclabilityf products.

3. Toxic waste indexThe last indicator is used to express, through a single number, the amount of
toxic substances remaining during a product's lifetime. It is calculated as the sum of the mass of
each of the residual toxic substances, taking iicount the weighting factor of their respective
toxicity, compared to the production during the same period.

Once the basic principles underpinning an €tfeciency calculation have been established, the technical
feasibility of a given indicator mubt established, taking into account its purpose, its significance for different
users and the convenience of its production for the whole company.
When talking about ecefficiency within the construction and building sectors, in relation to the demand fo
eco-compliance and the ability to control energyvironmental impacts, one cannot but refer to three major
problem areas, including:

1. The use of resources, understood as energy, water, soil, materials (raw, secondary, crude)

2. The energy and materiaitensity of the resources themselves

3. Atmospheric emissions from production processes throughout the life cycle

There are several initiatives that companies apply to integratedfficiency into their operations, in order to
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try to minimise environmentaproblems. These include strategic innovations, management innovations and
incremental innovations.

Ecoefficient behaviour in building production can depend both on the intrinsic characteristics of products,
i.e. performance, use, performance over timiastallation methods, life cycle impacts, and on production
processes. Itis possible to assess theHticiency of a given product by considering its contribution to reducing
the environmental impact of the whole building, reducing pollution levelsygneonsumfion and the control

of systems over time.

This is why it would be necessary to consider the building as an overall summation of -erategial
characteristics, which constitutes a real resource for areas, not only contemporary, but if wdllange
therefore well designed, also in past and future areas.

23.1.2. DEVELOPING NEW PRGDS: MATERIALS OHNRAL ORIGIN

In recent years, the already developed and established construction industry has started to pay more attention
to the newstrategies and technologs that were conceptually gaining ground in the community, trying to adapt

to the development of new products, not only from a production point of view, but also from a marketing point
of view. The growing 'environmental conscioasn' has increasingly @en materials research to concern itself

with the interference between materials and environmental impacts.

The development of new products does not take place randomly, but after careful studies related to the
environmental issuewhich makes them an an®w to the requirements of comfort and saving of non
renewable resources, aiming to privilege building techniques and design methodologies suitable for the needs
of wellbeing, durability and ecefficiency. The attention paid tde environment does notrdy focus on the
parameters of nortoxicity, use of renewable resources or low energy content in the production phase, but also
on weight and impact reduction for products with performances that meet the requirements ohell,ease

of assembly, reveibility, ease of disassembly and, in the case of recovery, protection of architectural and
constructional features. The products that are gaining in importance are those characterised by the weight of
the elements and the very lingid packaging, which alle for lower costs as a consequence of a reduced
footprint and for greater economy in transport. The design of new materials to extend the life span of products
represents a reduction in environmental impact. A good action thaissagnable for the envinament and for

the urban economy is certainly that of recovery as opposed to uncontrolled demolition. Secondary raw
materials are subject to considerable improvement for a more correct application. It becomes part of a drive to
redesign materials and techmagies for future recycling or disposal at the end of their life cycle.

The use of recycled materials in construction is to be considered as one of the strategies for sustainable
development, so that waste becomes a resource todmycled or reused. Redyty a material is closely linked

to the economic process of its development, production and convenience. The durability of a product does not
aim to achieve an excessive durability of the product itself, but aims at an adequataniess a technological

and design alternative is presented which meets the requirements in a much more efficient, convenient and
environmentally friendly way. The best product will undoubtedly be the one that is most flexible, can be
integrated, custonsed, of high quality andble to meet the needs of the end users (designers, companies,
installers, users, communities).

Eccefficiency parameters include products of natural origin, whether vegetable or animal, that constitute the
raw material, the recyability of the materialthe absence of emissions of toxic substances during processing
and operation, the reusability of the product, and the renewability of the resource. It was also considered
appropriate to carry out research into what can now be defiras ecesustainable oeco- efficient products,
capable of guaranteeing the wellbeing of users, reducing the impact on the ecosystem, using materials that
have the possibility of regenerating themselves or being regenerated and with a large use ditaleeemergy
sources. Thenaterials chosen as examples are hemp, clay, cork, sheep's wool and straw.
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Hemp

Hemp is considered, among all natural materials, to be a material that offers high performance in use,
respecting environmentaiustainability and people's wdbeing. It isan easyto-grow product with a fairly fast
growth rate, low water consumption for feeding and is not subject to constant pest attacks. It is considered a
product that can synthesise carbon and reduce CO2 emmissnto the atmosphere. The main products read
from hemp are insulators.

The production process for herased insulation materials involves the use of fragments of the bark of the
hemp stem, fibres from the hemp plant and the use of additives such ad@starch, soluble glass or sodium
carbonate (which acts as a flame retardant) and bitumen for waterproofing. Unfortunately, hdraped
products are still not very present and established in the construction market, as the supply of products is
greater han the demand. In addition to insulation, heris also used to make elements for static reinforcement,

as hemp fibre has good mechanical properties and high resistance to stress and deformation. In addition, its
use is also linked to design, with the prardion of lowdensity panels for furniture aas a cladding element in
buildings and as biomass for energy.

In Italy, a project is also being developed to produce hdraped blocks, with the addition of a binder such as
lime, to be used as structural part of a building. The peculiarity of these li®owvhich are called Biomattone,

is that they can be used to create new buildings or used in the renovation of existing buildings.

The Biomattone

Biomattone is a biocomposite material obtained fimpcessing lime and hemp together to form prefabricated
blocks measuring 20x50 cavailable in various size$She limehemp mixture is made from the combination of

the woody part of the stem, hemp, and a binder based on hydraulic lime with added wagstwdltompounds

are then processed in a kneading machin®lain the final compound. Limkeemp cement has the capacity

to harden by evaporation of the water, carbonation and hydration of the lime. Consequently, depending on the
use to be made of this ceent and the durability to be given to the final productisinecessary to establish the
properties of the limehemp cement which depend on the type of binder (aerial lime, hydraulic lime), the type
of hemp (length of the hemp) and their proportions (euidy of lime and hemp used).

Hemp, within the compound, iglentified as a light filler, also called aggregate, while lime acts as a binder and
preservative. Hemp is a groduct of hemp fibre processing. It is rich in silica and helps the lirhargen. It

is a product rich in silica and helps the lime to hard®mce hardened, the biocomposite turns into a rigid,
lightweight material with excellent insulation and durability characteristics. The biocompositecéimagpulo

can be used in the consiction of solid masonry, as if it were a common cement mix, regasdbf the type of
construction adopted. The use of Biomattone makes it possible to respect the fundamental pillars underlying
sustainable development, namely: the environmental, socialemmhomic pillars. From an environmental point

of view, the mixtureof lime and hemp is able to reduce carbon dioxide emissions and decrease the percentage
of CO2 present in the structure of the buildings, thus achieving a high level of thermal insuléticaaver,

given the recyclability of lime and the biodegradabitfyhemp, it is a material that does not create disposal
problems. From an economic point of view, biocomposite is sustainable because it is a locally produced
material, directly linking idustry and agriculture, limiting the use of synthetic building miale and leading to
increased employment. On the other hand, from a social point of view, it offers considerable benefits, such as:
an increase in agriculture linked to the production ehtp and a new source of income and, moreover, living

in environmens made from hemp makes the environment healthy.

Clay

Unfired clay, or raw earth, is a building material that has been used since ancient times. The earth has always
been used in various eas of green building. In particular, a soil that is free of pebhaled rubble, but at the
same time rich in clay, with simple processes, left to dry and then used for building, then cooked, it produces
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products that can be used for a variety parposes and with little energy expenditure.

Raw clay is caidered one of the most environmentally friendly materials in-éiohitecture. It is often found

in architecture mixed with limestone sand or gypsum. It has good thermal transmittancslestanechanical
strength, high breathability and is easy to l#tycan be used to make floors or even, and above all, to create
thermal insulation. In fact, clay insulation panels can be easily applied to walls and ceilings. The choice of clay
as an inalating material is due to the fact that it has a number of natyralperties that have positive effects

on people's lives, while at the same time increasing their-iveiihg. It has the ability to absorb moisture in the

air and gradually release it, thirmproving the quality of the air inside a living space. Over tictag; is able to

keep its properties intact, even in particular climatic conditions, it is fire resistant and is not attacked by pests.
It also has great acoustic insulation capabilities.

Other materials made from clay are: plasters, which are able toledgiwhe humidity inside rooms; lightweight
concrete, mainly used for renovation works and boasting a greater lightness compared to normal concrete;
refractory bricks, obtained from a mixtel of clay and cement, mainly used for stoves and barbecues; pricks
mainly used for roofing, foundations, attics and cavities.

Cork

The cork is the terminal part of the book of some plants, whose main function is to waterproof and thermally
insulate the stem by protecting it from excessive cold and heat. Basicallyis@udollection of dead cells,

which have been suberised so that they do not disintegrate, making them waterproof and insulating at the
same time. There are many types of gkathat produce cork, but the cork mainly used commercially is

produced by the Qercus Suber. The cork oak, also known as 'cork tree', is a wild plant of the oak family. It is
on average 10 meters high, sometimes even reaching 20 m, and has a circumfafr@rs® 4 m. A western
Mediterranean climate, known as the Portuguese clim@eequired for the plant to thrive. The largest

market exploiting cork processing was related to the production of corks (i.e. wine stoppers), which led to a
consumption of B-80% of the material. Subsequently, the development of natural thermal ingslékcame

more and more important, which expanded its production. The most important aspect of cork is that it is
possible to exploit almost the entire percentage of materd@larted, because even the waste is processed to
produce cork agglomerates. Thee of cork in industry is also growing in terms of technological innovations.

In the building sector, higherformance insulation materials have been produced, giving riserew

production market.

The production of cork agglomerates is mainly divided two main areas: black and white. The production of
black agglomerates presents the cork granules through processing due to an increase in temperature, which
leads to an inease in volume and the release of resinous substances that allow gluing. &ghitmerates,

on the other hand, are produced through the use of glues of various kinds, the mixture in turn being put into
the oven to help the glue dry. In Italy, the prodiact of cork occupies the highest percentage in the chip
production sector, whil®nly 15% is used in the bmnstruction sector, a percentage that has been increasing

in recent years. In the construction sector, the application of cork is mainly for nbduption of thermal
insulation. Cork is easily used as an insulator becausasitvery good heat transmission values, it has good
thermal and acoustic insulation capabilities, it is very light and has a high resilience, and it can be used for a
wide range of applications.

It can withstand high loads, ageing, rotting and is not &gacby rodents and insects. In addition to the
production of panels, cork is used as a cavity filler for thermal insulation or as an aggregate for lightening
structures. Corksi also used in design, at a very experimental stage, because it has elasfressibie,
waterproof, resistant, light and buoyant characteristics that not even wood has.

Sheep's wool

Another example of a product of natural origin is sheep's wool. The sector where this material is most used is
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that of insulation, which has a limiteghergy use compared to other similar products on the market60. This
material consists of protein fibreqd, as such, is not digestible by small rodents and insects, not attacked by
mould, waterrepellent and has low static electricity. It has excellém behaviour and contains keratin which,
with the presence of amino acids, is able to neutralise substsharmful to people's health and makes the air
purified more quickly.

In the building industry, the main use of this material is in insulating madsfelts (or as antstagnation and
root-proof layers in garden roofs with considerable water savingsraaithtaining a constant temperature). It
interacts with the surrounding environment and is therefore able to absorb moisture in the air up to a maximum
of 33% of its weight, thus developing thermal energy that stops condensation. The installation of stwep w
insulation presents no particular technical risks, requires the use of simple equipment and guarantees high
safety conditions. The panels can éabie sized by hand.

Straw

Straw is a natural material that can be used in bales, as insulation, or aggaggate to unfired earth. The
development of a supply chain for the use of straw in construction makes it possible to recover large quantities
of graw that would otherwise remain unused even within the agricultural sector.

Progress has led to the dewpiment of new technologies to process straw into products that can be used in
architecture. One example is lodmbaring walls for houses, made fromales of straw that have been
mechanically pressed. Assuming a single recovery of one third of the swawwheat, 5 million tonnes of

baled straw are obtained. This quantity allows the construction of half a million 100 square metre houses for at
least acne million people. If we look at the European context, we can see that the amount of straw produced is
35million tonnes, which makes it possible to build 3.5 million homes for 10 million people. Globally, 100 million
tonnes of straw can be used in the abruction industry. Straw bales are inserted between wooden posts, used
as insulation and then plastered goated. The insulation properties of straw vary according to the type of
straw, its density and moisture content after drying. A building made rafaspossesses superior qualities in
terms of thermal insulation, resulting in lower energy consumptmrheating and reducing the amount of

CO2 produced at the same time. It also has a great capacity for absorbing carbon dioxide within the building
made, so that exploiting the waste from international cereal production becomes a great advantage for
generding income and jobs, while creating sustainable and environmentally friendly buildings.

23.1.3. Secondary raw materials

Socalled secondary raw materials @igt of waste from the processing of raw materials or materials derived
from the recovery andecycling of waste.

A secondary primary source is a source of raw materials derived from industrial waste of various kinds.
Secondary raw materials (MPS) derivfenin the residues of production processes are generally recovered
directly in the plants: thiss the case, for example, of the processing waste of a steel industry, which can be
directly remelted to obtain raw material. The cycle therefore takes placeddly within the production sites.
Another way of obtaining these secondary renaterials is through the recovery and/or recycling of waste, a
process that therefore takes place downstream of the sale and consumption phase of goods.

An example would be daydrite

Production anhydrite is an anhydrous calcium sulphate (CaS0O4): a swatstexic and nosharmful material.

Its use is steadily increasing and represents an environmentally friendly alternative to naturally occurring
gypsum.

The chemical reactiobetween fluorspar (CaF ) and CaF2) sulphuric acid (H2SO4) produces not only
hydrofluoric acid but also calcium sulphate, which is then ground in special micronising plants.

Anhydrite is used in the construction industry, residential construction and publiks: in premixes, for laying
selflevelling substrates and soundproofipgnels, for interior plasters, partitions and raised floors, screeds
and mortars.
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ii. Recycling and reise in construction: primary, secondary and tertiary-tse

Primary recyclingor 'reuse’, is the reuse of waste materials directly on siéglucing the amount of waste
produced. This practice, in line with the latest environmental regulations, is the least expensive and has the
lowest environmental impact.

Secondary recyclingmplies a mechanical treatment of the waste and generally a deerégathe quality of
the waste.
product compared to the original, a process that is likely to imply a different use.
The recycling of construction site materials is very complex because ofrgfgedmount of waste produced.
Demolition waste is made upf very different parts such as paper, glass, plastic, wood, iron, aggregates,
ceramics, concrete and stone, and sometimes contains waste classified as hazardous by legislation, such as
asbestos.
Load-bearing masonry is a part of the building organism ftisawell suited to being recycled. However, what
and how to recycle is closely related to the characteristics of the masonry such as the assembly technique, the
size of the elements, the types of tesials used, etc. Strong elements (bricks) are best duibebe recycled
for:

0 be crushed and used for road or common sidses.

0 bereused as new bricks (reuse).

The most abundant material in demolition waste is of course concrete, which is\zaloe wate with a very

high specific weight. This means thatareful economic assessment of its recycling must be made, and a
treatment centre close to the construction site will be necessary to make it profitable.

Based on the assumption that reinforced corterased in structural parts of the building cannot beyeled

to obtain other reinforced concrete with the same performance and functions, the most established practice
is to reuse the recycled material for lower performance materials such as subssatesds, asphalt.

In tertiary recycling recycled materials are used as a feedstock in a process to create chemicals and fuels.
These chemicals can then be used to create new materials.

Material recycling in construction starts with the total or partiahdolition of a building and aims to genéea
so-called secondary raw materials (SRMs).

The valorisation of demolition waste is closely linked to the method by which this stage is organised, as well
as to the quality of the products themselves.

Demolition pactice must ensure that the material teelrecycled is as homogeneous as possible, so selective
demolition is preferred to nosselective (traditional) demolition. Given the strong increase in the use of
plastics in construction, polymer recycling techreégwlay a key role. Plastics have a lofegycle and thus
constitute a major threat to the environment if they are not integrated in a reuse or recycling process.

The recycling of polymers depends on their thermal behaviour; thermoplastic polymers hehtad, become

fluid enough to be mouldeihto the shape of the article to be used, while thermosetting polymers are infusible
and insoluble, and so are recycled ground, for example for fillings.

23.2. Practical Approach

23.2.1. THE LIFE CYCLE CGF O0BGA: METHODOLOGED FOR SINGIEVEL
RESIDENTIAL BUILDENG

For the purposes of the current module and its objective, the methodology proposed below will refer to three
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different construction methods (framirt§ XLAM“and blockhous¥) for a singlestorey wooden residential
building of 110 m2. fie various analyses that will be carried out will take as a temporal reference a period of
fifty years, on the assumption that this represents a time comparable to the useful life of a residential building.
The aim is to compare the ttee different projecs from the point of view of costs and polluting emissions
throughout the life cycle, thus identifying which construction model is characterised by the best ecenomic
environmental performance.
For the construction of the data related the economieenvirormental analysis of the life cycle of the
house, the following will be used
Three main phases are considered for each construction system:

1. Construction phase;

2. Phase of use;

3. Endof-life phase.

How to construct data for the Life Cycle #&ssment

The LifeCycle Assessment used in this study will focus on the ecological loads associated with the same
three phases mentioned above. Specifically:
1. Forthe construction phasehe following will be identified (for each of the three building sysg:

a) The environmental impacts generated by the pproduction and production processesf the main
materials used in the construction of the walls and roof. These values are constructed from data
obtained using the EPD2007 assessment method and the Ectidatabase; these data provide the
kg of CO2 eq. emitted per kg of material produced.

b) The environmental impacts produced by the constructionthie building, identified as the impacts
of transporting materials from the plant to the construction site. Tadailation, which is based on
the tkm ("tonne per kilometre") indicator, is performed starting from the latest information provided
by the European Environment Agency about the specific emissions per tkm produced by road vehicles,
which correspond to 04 Kg CO2/tkm (European Environment Agency, 2014). The impact of
transporting the different materials (from where they are purchased to the construction site) is
therefore the only pollution factor in this case. The installation itself does not generagmiicant
environmental impact. The reasons lie in the fact that the three building systems under consideration
do not require expensive lifting equipment on the construction site (only for very short periods); they
are characterised by mainly dry assemlasthey do not require large concrete castings and welding;
they are quick to build, as they are prefabricated, in which the elements are assembled in a single
piece; and they are easy to install, as they are not subject to a large number of obstiaelesre
already assembled beforehand; they do not require any preliminary work; finally, they do not require
any energyintensive equipment, as a small tool is sufficient.

2. Forthe use phasethe environmental impacts caused by operational energpnsumpion will be
considered. The calculation will be carried out using the document provided by the company itself

B3 The timber frame system is characterised by linear elements of the frame, which transfer the Vesitsalo the

ground, and by flat elements, which,gether with the former, have the task of bracing. The vertical dbedring parts

are placed at very close intervals, so as to distribute the loads more evenly and thus reduce the resistant sections. Thi
system requires a reinforced concrete foundatidimis system requires a reinforced concrete foundation (e.g. slab) that

is resistant to soil moisture and weathering.

14The XLAM system is characterised by flat {badring components that function as o plate (horizontal) and a slab
(vertical), whichmeans that this element is used for the construction of floors, walls and sloping roofs. The XLAM system
is sufficiently resistant to horizontal pressures (generated by wind and earthquake) both panallpérpendicular to

the plane, and therefore no adiibnal bracing components are required..

15 The blockhouse system is one of the main timber construction systems. The main characteristic of this system is the
construction of the loaebearing perimeter alls by means of through the superimposition of eneomponents derived

from tree trunks and adequately machined. tree trunks and suitably machined.
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regarding the energy performance of the installations, the estimated operating consumption and the
related annual carbon dioxide productio

3. Forthe endof-life phasethe environmental impacts of disposalill be taken into account, identified as
the transport impacts from the construction site to the nearest landfill of snecyclable products only.
Again, the calculation is based on thkh" indicator offered by the European Environment Agency.

This LCA will be carried out in a simplified way, as its main objective is to identify the impacts related to the
Global Warming Potential (GWP) through the analysis of carbon dioxide emissiatesi rel the various
phases of the life cycle. The Carbon Footprint is calculated by looking at the environmental impact of a specific
product throughout its life cycle. The Carbon Footprint is a measure that expresses in CO2 equivalent the total
greenhouseagas emisions associated directly or indirectly with a product.

Therefore, the environmental impacts detected and measured in this LCA refer exclusively to the emission of
greenhouse gases (GHG, GreenHouse Gas), as they are the main polluters of thenuahe most serious

threat to the survival of our planet, due to their effect on global warming. For this reason, a specific variant of
LCA, called Carbon Footprint, will be used, i.e. an LCA analysis aimed solely at identifying the environmental
damagegeneraed by greenhouse gas emissions. It is expressed in terms of CO2 equivalent (KG/CO2 eq) and
its quantification takes into account the Global Warming Potential (GWP) indicator, i.e. the global warming
potential, which represents the weight of a cdriagas @ the greenhouse effect, in relation to the effect of

CO2, whose reference potential is set at 1.

Specifically, only carbon dioxide emissions will be analysed, as emissions of, for example, methane or nitrous
oxide are irrelevant in this case.

How to consruct data for Life Cycle Costing

Life Cycle Costing in this study will look at specific costs, linked to the same three phases identified in the LCA:
1. For the construction phase, all costs related to the construction of the building will béfiddr{for
each of the three building systems), in particular:
a) The cost of supplying the materiaissed for walls, roofs, installations, interior fittings and fixtures;
b) Processing costelated to theLaminated woogroduction processes;
c) labour costsfor the varioudaying operations;
d) The costs of site managemente.g. for boarding/accommodation of workers, transport of
materials, dismantling and cleaning, and site management;
e) Construction site costsexpressed by #costs of site toilets and sheathing.

These vales, incurred at "'moment 0", represent estimated costs of the company itself.
2. Forthe use phasegtwo different factors will be considered:

a) The operating energy costgonstructed on the basis of the document provided by the company
concerning the energy pfarmance of the installations and the estimated consumption related
to each building system.

These costs are to be considered as annual

Maintenance costsprovidedby Urban Green through an estimate based on the maintenance
plan linked to each of the theebuilding models. These values refer to routine maintenance costs
and are incurred every three years.

3. For the enebf-life phase only thedisposal cost®f norntrecyclable products will be taken into account.
These values, based on actual tariffs charggthe industry, will be incurred at the dismantling phase,
i.e. at "moment T+1" (51st year).
In this case, the LCC will take into account the input d&the Life Cycle Inventory (LCI) of the LCA analysis,
but will also take into account additional infoation not contained in the LCI, as it is not relevant from an
environmental point of view. These costs refer to those incurred for installations,ont@mishes, fixtures
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and fittings, labour, management, construction and maintenance. The costsstatlations, interior finishes
and windows and doors are the same for all three building systems and are included for completeness only.

Asregards the discount rate, which is indispensable for LCC analysis, it was seen in the previous unit that it
corregonds to the cost of capital Ke, the formula for which is equivalent to:

YS ' NF-rfp 1 E (19 NY

Assuming that il0 years the Year Government Bond Yields for a country correspond to 2.11% we will have
that:
risk free=rf=21% (2)

For the market risk premium, on the other hand, we assurmalae of 5.75%, so we will have that:

market risk premium = (rm rf )= 575%  (3)

Finally, regarding, it is possible to locate in the Damodaran site the value r@flated to the industry
"Homebuilding", we will use the one from January 20194brch

i =098 (4)

In summary, based on the above data, which serve as input for the model that will be used later, the cost of
capital is:

Kel' n®numMmmMO5B =778y i (5P

Consequently, the discount rate that will be usadhe LCC analysis corresponds to:

r=775% (6)

Finally, with reference to the economic indicators, only Met Present Cost (NP@)dicator will be used for

the analysis, as an indicator of the effectiveness of the three construction alteesaivaming, XLAM and
blockhouse) with respect to the castaken into consideration along the life cycle. Of course, in order to
calculate the NPC, several values must be identified for each of the options considered: the time period N, the
construction osts (G, the operating costs«Cthe maintenance costs«(Cthe endof-life costs @he discount

rater. In this sense, the NPC is equivalent to:

50
NPC = Z G
B £ (1+0,0775)"
(7

The alternative with the lowest NPC value will therefore be the construction option withéeeeconomic
performance, as it will have the lowest netesent value of costs.

How to construct data for Environmental Life Cycle Costing

Before proceeding with the Environmental Life Cycle Costing analysis, it is essential to use an economic
evaluation of the environmental externalities (amount of C&8itted) produced during the whole life cycle
of each of the three building systems under consideration. To this end, two different pollutant emission
monetisation tools will be used, with the aim of aysihg the different overall results that these twanels
can lead to.
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These two tools are:

. ¢CKS LINAOS 2F SYAaaAzy NARIKGEA Ay 9dz2NRPLIS:EI 6KAOK
CO2 emitted.

ii. Thesocialcostof GD SljdzA @t Syid G2 PnmtT oO0coTd0 LISNI G2yyS
carried out by the European Institute for énEconomy and the Environment (Eiee) in conjunction
with the University of California.

Regarding the first instrument, the Emissions Trading System (ETS) acts at the hands of the European
Commission, which identifieCQ emission limits and distributes ¢hquotas to member states, which then

give companies the amount each can produce. This system, called the Emissions Trading System (ETS), is base
on the "cap and trade" model. This means that a cap is set on theiained emissions that each company can
produce; if they exceed the allocated quota, those participating in the system can buy emission permits on the
market ("trade") from companies that produce less@@n their allocated quota. These virtuous companies
obtain "carbon credits" that they carel. In essence, carbon emitters do not have to reduce their emissions,

but can buy permits to stay within their allocated limits.

The price of C&emission permits traded in the EU ETS has risen far from the levels seen since the summer of
2008, at the sirt of the global crisis. The revival of prices, which had remained low for almost ten years, is
mainly due to the European Community's decisiomtplement a gradual withdrawal of the surplus of permits
accumulated during the economic recession.

Ultimately, the ETS was created as a market mechanism to reduce industrial carbon dioxide emissions in a
costeffective manner. In this sense, the systehosld move in the direction of an increase in the price of
allowances, so as to push corporate investmentsvamds environmentally friendly innovations and,
consequently, reduce polluting emissions.

As for the second tool, the study, published in the jalrNature Climate Change, shows that the social cost

of CQ produced, i.e. the total impact it generates feociety, is between $117 and $805 per tonne, with an

I dSNIF 3S 2F bPnmT O6eoTy0 LISNI (2yyS SYAGUHSRde thatK A & |
researchers have developed a dataset to quantify the true social cost of carbon, i.e. the ecoaomaiged

caused by Cemissions. The results of the research show that, globally, the social cost of carbon is higher
than that usually taken into @ount. The findings also show that although everyone knows that carbon dioxide
emissions cause negative effemn individuals and ecosystems, these effects are not included in market
prices, generating environmental externalities that are not paid focdrysumers of fossil fuel energy.

In essence, the life cycle environmental cost analysis will be charactdaysevo main steps:
i. Itwill examine the data on environmental impacts (Kg of €@itted), present in the Life Cycle
Inventory, generated by eaghhase of the life cycle of the analysed building;
i, Then, using the two indicators above, it will convert thaapacts into economic values, in order to
identify the different environmental costs.

Once the environmental cost analysis has been completed, one can finally proceed wiEhwinenmental
Life Cycle Costing (ELGE)dy in order to measure the overalld cycle cost (economic and environmental).
This methodology will refer to the sameegts identified for the LCA and LCC application. Specifically:

1. For the construction phase, all kinds of costs related to the construction of the house will be

identified, in particular:
a. The environmental costs of prproduction and production;

Theeconomic costs of supply;
The economic costs of processing;
The economic costs of labour;
The environmental costs of implementation;
The economic costs of site management;

®aoo0 o
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f. The eonomic costs of construction;

These values are incurred at "moment 0".
2. Forthe use phase, the following will be considered:
a. The economic operating costs incurred each year;
b. The environmental operating costs;
c. The economic maintenance costs, incurred evényee years.

3. For the endof-life phase, the following will be considered:
a. The economic costs of disposing of noecyclable products only;
b. The environmental costs of disposing of the same products.
These costs are incurred at the demolition stage, i.étiate T+1" (year 51).

Having now both economic and environmental costsilabée, ELCC is able to analyse the environmental
economic impact over the life cycle. This analysis, being a particular type of LCC that also takes into account
environmental extenalities (environmental costs), will discount all specified monetary flovetyding those of

an ecological nature, using the same discount rate as before (7.75%). The formula for calculating ELCC is
therefore the same as for the LCC methodology, the difference being that C~ can also represent an
environmental cost:

50
ELCC Z G
B £ (1+0,0775)"
With this analysis it will be possible to identify, for each phase of the life cycle of the building system under
consideration, the cost related to both the economic and environmerdpkats.

23.2.2. THE LIFE CYCLE OE THEA: APPLICATIOR OCA, LCC AND ELCC
METHODSO THE THREE CONETRON SYSTEMS

Application of the Life Cycle Assessment method for measuring environmental emissions
In order to measure the carbon dioxide emissions throughbe life cycle of the three different building
systems, the LCA methodology focuses first ondiestruction phaseFor this phase, the study analyses the
environmental impacts (expressed in Kg-oemitted) related to the preproduction and productio phase and
to the installation phase, as expressed in the two tables below.

Cork 1260 -0.1 -126
Stone wool 14676 15 2201
Wood fibre 2064 -0.6 -1238
Chipboard panels 41832 -1.35 -5647
Fibrogypsum 555815 0.25 1390
Laminated wood 8100 -1.42 -11502
Steel plasterboard frames 684.08 0.57 390
Hardware 350 0.57 200
Pearl wood 1809 -1.76 -3184
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Battens 2250 -1 76 -3960
Tile 8415 1683
—
Stone wool 25176 3776
Fibrogypsum 555815 0.25 1390
XLAMwood panels 9900 -1.42 -14058
Steel plasterboard frames 684.08 0.57 390
Hardware 350 0.57 200
Chipboard panelOSB) 14472 -1.35 -1954
Laminated wood 3600 -1.42 -5112
Pearl wood 1809 -1.76 -3184
Wood fbre 924 -0.6 -554
Battens 2250 -1 76 -3960
Tile 8415 1683
_—

Stone wool 24176 3626
Pearl wood 9171 -1.76 -16141
Battens 6975 -1.76 -12276
Hardware 350 0.57 200
Blockhousevood elements 9900 -1.76 -17424
CHIPBOARD PANEDSB) 14472 -1.35 -1954
Laminated wood 3600 -1.42 -5112
Wood fibre 924 -0 6 -554
Tile 8415 1683

Table: Environmental impacts of gpeoduction andoroduction

Interestingly, the values fato2emitted from the production of some matials are negative. The reason for this

is that the carbon dioxide absorbed by the plant during its growth is also taken into account in the overall
balance. In this sense, these materials emit kessluring theirpre-production and production processan

they absorb during their growth.

Cork 1260

Stone wool 1467.6 50 10
Wood fibre 2064 400 116
CHIPBOARD PANEDSB) | 41832 1100 644
Fibrogypsum 5558.15 600 467
Laminated wood 8100 1000 1134
Steel plasterboard frames | 684.08 400 38
Hardware 350 600 30
Pearl wood 1809 600 152
Battens 2250 200 63
Tile 8415 100 118
Stone wool 2517.6 50 17
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Fibrogypsum 5558.15 600 467
XLAMwood panels 9900 600 832
Steel plasterboard frames | 684.08 400 38
Hardware 350 600 30
CHIPBOARD PANELS 14472 1100 223
Laminated wood 3600 1000 504
Pearl wood 1809 600 152
Wood fibre 924 400 S2
Battens 2250 200 63
Tile 8415 100 118
x40

Stone wool 24176 50 17
Pearl wood 9171 600 1072
Battens 6975 200 196
Hardware 350 600 30
Blockhousevood elemnts 9900 600 1080
CHIPBOARD PANEDSB) | 14472 1100 223
Laminated wood 3600 1000 504
Wood fibre 924 400 52
Tile 8415 100 118

Table: Environental impacts of implementation

The estimate of the overall environmental impact of construction will therefore consist of the sum, for each
construction system, of the total Kg of C&aitted at the two times. As regards the next phase, that of use,
the table below shows the analysis on operational environmental impacts.

Electricity from the 136637 (kwh)

grid

Natural gas 8086 (m3)
E:iczctncny from the 136634 (KWh)
Natural gas 87945 (m3)
El_ectncnyfrom the 136635 (KWh)
grid

Natural gas 865.81(m3)

245 110 26% 134750
26 110 2860 143000
258 110 2838 141900

Table: Environmental impacts of use

Finally, for the enebf-life phase, the analysis is only aimed at wenyclable materials, as shown in the

N
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following table
.Table: Enebf-life environmental impacts

After calculating the environmental impact of each life phase of diféerent building systems, the LCA
application requires that these impacts are added together to identify the overall ecological load generated by
the life cycle 6each building type. The calculation is summarised in the following table.

Constructio 1°year 20year 30 [...] 50° year Demolition
n year
-16915
2695 2695 2695 2695
107
117942

Construction 1°year 20 30 year [...] 50° year Demolition
year
-18887

2860 2860 2860 2860

124181

Construction 1°year 20 30 year [...] 50° year Demolition
year
-44660
2838 2838 2838 2838

97306
Table: LCAnalysis

2

N
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23.2.3. APPLICATION OF THELCYCLE COSTINGH@ED TO CALCULATE TH
NETPRESENT COST
The application of the LCC methodology requires first of all the analysis of construction costs, which @mbased

the calculation of each type of coassociated with this phase. The following table summarises the different
costs for each construction system.

5552266
6889086
7390129

4584 369973
2404 358988

675095 321166

Table: Construction costs

19000
22000
21000

800
800
800

11690396
12999366
13456884

With regard to theuse phasgethe analysis focuses on energy costsojperation andmaintenance.

Electricityfrom 02e k12K

1366.37(kWh)

the grid 51585
Naturalgas 8086 (m3) 0.3e k A a 24258
Electricityfrom 136634 (kWh) OH €kl 2?2 27327

the grid 537.1
Naturalgas 879.45(m3) 0.3e k t3a 26383
Electricityfrom 136635 (kWh) ne®H € k' 27327

the grid 53301
Natural gas 865.81(M3) 0.3e k t3a 259.74

Table: Energy operating costs

Woodenelements 2500 S
Installations 1000
Woodenelements 2500 3500
Installations 1000
Woodenelements 7000

- 8000
Installations 1000

Table: Ordinary maintenance costs

Cork 100% - - -
Stone wool 0% 14676 0.3 44028
Wood fibre 0% 2064 0.03 61.92
CHIPBOARD PANELS 0% 41832 0.139 58146
Fibrogypsum 100% - - -
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Laminated wood 100% - - -
Steel plasterboard frameg 100% - - -
Hardware 100% - - -
Pearl wood 100% - - -
slats 100% - - -
Portuguese tile 100% - - -

Stone wool 0% 25176 0.3 75528
Fibrogypsum 100% - - -

Steel plasterboard frames 100% - - -
Hardware 100% - - -
CHIPBOARD PANELS 0% 14472 0.139 20116
Laminated wood 100% - - -

Pearl wood 100% - - -
Wood fibre 0% 924 0.03 2772
slats 100% - - -
Portuguese tile 100% - - -

Stone wool 0% 24176 03 72528
Pearl wood 100% - - -

slats 100% - - -
Hardware 100% - R _
Blockhouse 100% - - -
CHIPBOARD PANELS 0% 14472 0.139 20116
laminated wood 100% - - -
Wood filre 0% 924 0.03 27.72
Portuguese tile 100% - - -

Table: Enebf-life costs

Once the various cost components linked to the different life phases of each construction system have been
identified, the NPCNet Present Costonvenience indiator is calculated, on the basis of which the alternatives
under consideration can be compared. The cost types analysed above are considered, based on a useful life of

fifty years and a discount ratef 7.75%.

2

N

8

Construcion 1st 2nd 3rd 50th Demolition

year year year year
11690396

51585 51585 401585 515.85

108366

11690396 47875 44432 321016 12.35 24.08
7.75%
13698236
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_ Construction  1st 2nd 3rd [..] 50th Demolition
year year  year year
T
 Costsofuse 5371 5371 40371 .. 537.1
- Endof-ife costs 98416
12999366 49847 4626 32271 13 21.87
| Dommee S
_ Construction  1st 2nd 3rd [..)  50th Demolition
year year year year
BOISUUEIONEOSES) 1545755
53301 53301 85330 ... 53301
| oot :
 Endeifecoss osats
13456884 49468 4591 68210 12.76 21.2
| Deommetioon :

Table: LCC analysis

As can be seen in the LCC Analysis Table, construction costs, being imtutiete 0", do not need the
implementation of the discount rate. On the other hansage costs, since they are divided into energy costs
incurred annually and maintenance costs incurred every three years, represent expenses to be incurred in the
future. For this reason they should be discounted according to the chosen discount rateambeaeasoning
applies to enebf-life costs.

23.2.4. APPLICATION OF THEYERONMENTAL LIFECCE COSTING METHOD
FOR THE ASSESSMENECONOMIC AND ENYNMENTAL COSTS

Before poceeding with the application of the ELCC methodology, it is essentiahteert the environmental
impacts into monetary terms, so that the environmental costs are available in addition to the purely economic
costs.

As outlined above, two different cerrsion tools (ETS and Social Cost) will be used in order to highlight the
possible differences in results that these two tools could lead to. The following table represents the
environmental calculation methods for both conversion tools.

29 0.029
379 0.379

2

N

9
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Construction -16915 -490.59 -641078
Use annual) 2695 78.16 10214
End of life 107 31 40.55
Construction -18887 -547.72 -715817
- Use 2860 82.94 108394
End of life 68 1.97 25.77
Construction -44660 -129514 -1692614
Use 2838 82.3 10756

TaHe: Conversion of environmental impacts in monetaryns

At this point, after having identified both economic and environmental life cycle costs of the three building
systems under consideration, it is possible to proceed with the Environmental Life@stlag analysis. As

the economic costs are to beaeated in the same way as the environmental costs in the study, the
environmental costs must also be discounted according to the identified discount rate. In the following tables
the ELCC application isggented, where the environmental costs were prestyucalculated through the ETS

and the Social Cost tool respectively. The economic costs are equivalent to those previously identified in Table
LCC Analysis

ENVIRONMENTAL LIFE CYCLERESIMINGETS

Life Cycle COST8 € U  Construction 1° 2° 3°year [..] 50° Demolition
year year  year year
(Ofelsiigileiile]sl Economic 11690396

costs
Environmental -490.59
costs

Use Economic 51585 51585 401585 ... BISES
costs
Environmental 7816 7816 7816 78.16
costs

End oflife Economic 108366
costs
Environmental 31
costs

TOTAL COSd € U 11641337 59401 59401 409401 .. 59401 108676
11641337 55129 51163 327263 .. 1422 2415

Discount rate (annual) 7.75%

TOTAL DISCOUNTED COST @y y{eH¥

ENVIRONMENTAL LIFE CYCLECQSM ETS

Life cycle / h{ ¢ { 6 e Construction 1° 2° 3°year [...) 50° Demolition
phases year year year
Constructio =(ele]gle]gile 12999366

n costs
Environmental -547.72
costs
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Economic
costs
Environmental
costs
Economic
costs
Environmental
costs
TOTAL COST®E

Use

End of life

12944594

5371 5371 40371 537.1

8294 8294 8294 8294

98416

1.97

62004 62004 412004 62004 98613

Actualised costd € 0 12944594 57544 53405 329344 .. 1484 2191
Discount rate (annual) 7.75%
15083432 I
ENVIRONMENTAL LIFE CYCLECE®YSICKHOUSETS
Life cycle / h{ ¢ { ¢ Construction 1°year 2° 3°year [..) 50° Demolition
phases year year
Olos5ii’[wile])8 Economic 13456884
costs
Environme -1692614
ntal costs
Economic 53301 53301 853301 53301
costs
Environme 10756 10756 10756 10756
ntal costs
End of life Economic 954.16
costs
Environme 25.01
ntal costs
TOTAL COST&Ge 0 160861 16086 960861 16086 97917
1 1
Actualised costo € 0 1176427 149291 13855 768084 3851 2176
3
Discourt rate (annual)
16892922 I
ENVIRONMENTAL LIFE CYCLEC®RRMING; Social cost
/ h{ ¢ { 6 € Constructio 1°year 2°year 3°year [.. 50° Demolitio
phases n ) year n
(Ol15i’[®i68 Economic 11690396
n costs
Environmenta -641078
| costs
Use Economic 51585 51585 40158 51585
Environmenta 10214 10214 10214 10214
| costs
End of life Economic 108366
costs
Environmenta 40.55
| costs
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TOTAL CBTSO € U 11049318 15372 15372 50372 15372 112421
5 5 5 5
Actualised costo € 0 11049318 14266 13240 40266 36.8 24.98
8 7 3
Discount rate (annual) 7.75%
0€e
ENVIRONMENTAL UFE CYCLE-CQ3M; Social cost
/ h{ ¢{ 0c¢€ Constructio 1°year 2° 3° [... 50° Demolition
phases n year year ) year
(Ol 15i’[®i68 Economic 12999366
n costs
Environmenta -715817
| costs
Use Economic 537.1 5371 4037 537.1
costs 1
Environmenta 10839 1083 1083 1083
| costs 9 9 9
End of life Economic 984.16
costs
Environmenta 25.77
| costs
12283549 1621 1621 5121 1621 100993
12283549 15044 1396 4093 3881 2244
1 2 6
Discount rate (annual) 7.75%
0€e
ENVIRONMENTAL UFE CYCLE-®DSTKHOUSESocial cost
/ h{ ¢{ 6 Construction 1°year 2°year 3°year [. 50° Demolition
phases ) year
(Oloi5i(’[®ife]g8 Economic 13456884
costs
Environment -129514
al costs
Economic Economic 53301 53301 853301 53301
costs costs
Environment 82.3 82.3 82.3 82.3
al costs
End of life Economic 954.16
costs
Environment 191
al costs
1332737 61531 61531 861531 61531 95607
Use 57105 52998 688683 1473 2124

Discount rate (annual) 7.75%

TOTAIDISCOUNTED COS8E U jfiieyick
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Interestingly, the environmental costs arising from the construtpibase of all building systems are negative.
This may seem an ambiguous concept but it is not at all. These costs represent the monetisation of the
environmental externalities generateadh this sense, these costs represent negative values as they ativ@os
environmental externalities. As seen above, the construction phase in the overall balance absorbs carbon
dioxide, due to the fact that most of the materials used are of plant origthas such absorb CO2 during their
growth. The construction phastself therefore represents a benefit received by society, as reducing the CO2
present in the atmosphere contributes to reducing global warming. The negative environmental cost can
thereforetake on the meaning of environmental "revenue”.

Once the overall @nomicenvironmental cost over the entire life cycle of each production system has been
identified, the ELCC application is complete. The last essential step to concludenahgsis is the
interpretation of the numerous results obtained in this chapter.

23.3. Evaluation

1) Where can eceefficiency be researched and implemented?
A. Ecocefficiency can be sought and implemented inside the company (in particular steel companies)
B. Ecoefficiency can be sought and implemented outside the company, along the entire valireatha
the product or service offered
C. Ecoefficiency can be sought and implemented both inside the company (in particular steel
companies) and outside, along the entire valbeia of the product or service offered
2) What are secondary raw materials?
A. Seconday raw materials consist of raw material processing residues
B. Secondary raw materials consist of raw material processing waste or materials derived from the
recovery andecycling of waste.
C. Secondary raw materials are materials derived from the recyclingasfe.
3) Primary recycling consists of
A. recycling of materials: this reduces the amount of waste produced
B. re-use of scrap: this will reduce the amount of waste produced
C. reuse of scrap directly on the construction site: this will reduce the amount of wasierged
4) Secondary recycling involves
A. a mechanical treatment of the waste and generally a decrease in the quality of the product compared
to the original one
B. manualprocessing of the waste will generally lead to a decrease in quality of the product compared
to the original
C. manual processing of the waste and generally does not lead to a decrease in quality of the product
compared to the original one
5) ¢ SNIAFNEB. NBEO@Of Ayax
A. itis done chemically: it produces a material that is not quite equivalent to the stantiaterial
B. it occurs mechanically: it produces a material practically equivalent to the starting material
C. it occurs chemically: it produces a material practicallgjuevalent to the starting material
6) What is meant by Ectnnovation?
A. Ecoclnnovation means th@se of new production processes, new products and services, which can
avoid or reduce risks to the environment.
B. Ecolnnovation means thémplementation of new production processes, new management methods
and new business techniques, which can avoid oucedisks to the environment.
C. Ecolnnovation means the implementation of new production processes, hew products and services,
new management methods and new commercial techniques, which can avoid or reduce risks to the
environment.
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7) The three eceefficiencyindicators that define the starting point for studies and application
experiments are:

A. Resource Productivity IndeXembeddable ad Disposable Costs by Percentage of1len-Toxic
Waste Index

B. Resource Productivity IndeXEmbeddable and Disposable Goby Percentage of Lifel oxic Waste
Index

C. Resource Productivity IndeXembeddable Costs by Percentage of Lifexic Waste Inek

8) Ecoefficient behaviour in building production can only depend on the intrinsic characteristics of the
products, i.e. perfemance, use, performance over time, installation methods, life cycle impacts, leaving
out all production processes.

A. True

B. False

9) Which products fall within the Ecd&fficiency parameters?

A. Products of nomatural origin that constitute the raw material, threcyclability of the material, the
absence of emissions of toxic substances during processing and operation, the rgushthik
product, the renewability of the resource.

B. Products of natural origin, whether plant or animal, that constitute the raw malethe recyclability
of the material, the absence of emissions of toxic substances during processing and operation, the
reusability of the product, the renewability of the resource.

C. Products of plant origin that constitute the raw material, the recygigbof the material, the absence
of emissions of toxic substances during processing and operation, the reusabilityfithuct, the
renewability of the resource.

1) The design of new materials to extend the life of products represents a reduction inremvinental

impact.
A. True
B. False
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