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ABSTRACT

The need for better natural resource use is currently increasingly recognised, and high emphasis
is given to the circularity of building materials and the reduction of activities with negative
environmental impact. Legislation, guidelines, and other documentation play an important role in
improving demolition activities and construction and demolition waste (CDW) management.
Good practices in CDW handling is not achievable without knowledge about CDW recovery
techniques described in guidelines and other documents.
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Demolition activities in arctic regions could be more challenging due to harsh climate conditions,
and therefore the cooperation between Russia, Norway and Finland was established to boost the
uptake of good practices in demolition activities and CDW management. The main subject of this
article is an overview of presently used demolition practices, CDW management, and verification
of areas where practices with lower environmental impact and increase of material circularity
could be utilised. Two fundamental documents, namely “EU Construction & Demolition Waste
Management Protocol” and “Guidelines for the waste audits before demolition and renovation
works of buildings” [1, 2], were published by the European Union (EU) in 2019 and serve as a
foundation for changes in demolition activities and CDW management in EU and adventitiously
also in the Russian Federation and Norway.

Key words: Construction and demolition waste (CDW), legislation and guidelines, CDW
management, recycling of concrete, selective demolition.

1. INTRODUCTION

Construction and demolition waste is a mixture of different materials from demolition, renovation,
construction activities and materials generated due to natural disasters [3 - 9]. The amount of
CDW is rising along with the rising building activity worldwide, and it is well-known that the
construction industry has a significant environmental impact [3, 10-13]. The building boom
started in Europe first, then moved through America to Asia, and the main indicators could be
steel, concrete and cement production, see Figure 1. Monitoring of produced concrete volume is
rather difficult, and therefore, concrete production is based on data from cement production, which
can be easily monitored in detail.

1200%
? 12 X

B steel production
Percent

@ concrete production 60
o population

1000% A

Great Britain

50
800% 4
40

600% - 56

4,4 x -
2 | | Il

400% A

200% A

0% -

Estimates before year 1889

° —
1650 1700 1750 1800 1850 1900

1950 2000 2050

00

= e o
s a8 o ¥ o
S S =]

&

Figure 1 - (Zeﬁ} I;Vo;ld})r;)d;tc{ioﬁ o}cgncre;e and steel between the years 1900 and 2050 [14];
(right) World steel production, historical data [15].

Building activities are predominantly taking place in the suburbs of big cities on empty areas or
replacing old buildings, which are reaching their end of life. Production of CDW is higher in
higher populated areas, and all this CDW must be transported to landfills located in city borders
or further from the city centre in rural areas. At the other end of linear material flow, there is the
raw material which is from rural areas brought to cities for building purposes. Integration of
recovery, reuse, and recycling of CDW might be an exquisite solution for the reduction of material
transportation on long distances, reduction of CO> emissions and reduction of raw material
resource consumption. Circular material flow and circular economy are nowadays highly
discussed topics that have a positive impact on global warming and natural resource management.
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Globally, it is estimated that about 35% of the produced CDW is transported to landfills [3], but
the actual percentage from individual countries varies significantly. There are multiple sources
and databases providing and collecting data about CDW handling, and therefore variability of
data from individual countries could be high. One of the reasons for high variability is the
definition of CDW recovery, which can or cannot include backfilling. Backfilling is listed as one
of the methods for the recovery of inert CDW [16]. Hopefully, it will soon be considered as bad
practice and excluded from methods for CDW recovery. Examples of CDW handling in various
countries are given in Table 1. The 28 European countries which in 2016 formed the EU produced
approximately 374 million tonnes of CDW, excluding excavated soil [17, 18]. This amount
accounts for 33% of all produced waste in the EU [19] and making CDW the most significant
waste stream in terms of mass. Due to the waste amount of CDW produced, the EU set a target of
recover minimally 70% by weight of all non-hazardous CDW by 2020 in the EU Waste
Framework Directive (2008/98/EC) [16], which most countries in the EU had already achieved in
2016 [17]. The numbers from 2020 have yet to be published [20, 21]. It is important to state that
CDW recovery can be increased; European Environmental Agency estimates that 96% of all
mineral (inert) material from CDW can be recycled [22, 23].

Table 1 - CDW management in selected countries.

Country Year Recovered [%] Landfilled [%]
Finland* 2011,2012 77122 23
Norway 2019 46130 54
Russian Federation 2019 51651 95
USA 2007 71 29(24.25]
Brazil 2012 60 401261
Canada 2012 73 27120
Hong Kong 2011 75 251271
Hong Kong 2014 9303.281 7
China 2014 5 953221
South Korea, Japan 2016 97831 3
Denmark, Estonia, Netherlands, 3.29
Germany and Great Britain 2017 80-900-) 10-20
Greece, Hungary, Portugal and Spain 2017 <15[3-2 >85

*including soil, stones and dredging material

In China, approximately 1.13 billion tonnes of CDW were generated in 2014 [5] and accounted
for 30% to 40% of the total waste mass [22]. Beijing alone accounts for 40 million tonnes of CDW
annually, and about 5% of all CDW in China are recycled or reused [3, 22]. Yuan H investigated
barriers and countermeasures for managing CDW in Shenzhen [23] and found five drawbacks,
which are:

e immature regulatory environment for managing CDW

e multiple government departments are separately involved in different CDW management
processes, but no one takes the leading role

e lack of fundamental data in CDW

e insufficient attention is paid to waste management in construction projects

e CDW recycling factories trudge toward growth

And proposed five countermeasures which are:
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enhancing the effectiveness of CDW regulations in reality
collecting and releasing accurate and timely CDW amount
enhancing CDW management

promoting CDW recycling further

implementing an effective waste disposal charging fee.

China does work on governmental policies concerning CDW, and they already have state-level
regulation that encourages the use of recycled building materials in foundation work, road base
and subgrade, etc. [5].

The main focus of this article is on Finland (FI), Norway (NO), Russian Federation (RUS) and
partly on EU as FI is an EU member, and the other two countries have very close relations and
cooperation with the EU. NO is a European Economic Area member and RUS has Russian-
European Union relation. All three countries are aware of the necessity for a change in CDW
management, and therefore established the project DeConcrete financed by Kolarctic — Cross
Border Cooperation to accelerate the uptake of recovery, reuse, and recycling practices in the
building industry.

FI: Generated 16 million tons of CDW, including soil, stones, and dredging material. This mass
represents the amount, which was transported from the original location to the new location. The
CDW, which was reused directly on-site or for roads between 2011 and 2012, is not considered.
The composition of CDW is approximately 1.5-2 million tons of non-hazardous CDW from
buildings, 14 million tonnes of soil and 0.15 million tons of hazardous CDW. The quantity of
recovered CDW excluding soil, stones and dredging soil was approximately 77% by weight [22].

NO: Produces around 1.95 million tonnes CDW in 2019, and approximately 0.9 million tonnes
were recycled, which stands for approximately 46% by weight [30]. In the coming years, it is
expected that the amount of CDW will increase significantly [19], and the Norwegian
Environment Agency requests new legislation on managing and handling CDW with the aim to
promote recycling of CDW from the beginning of 2020 [31]. Documents such as “The Planning
and Building Act”, the “Pollution Control Act”, the “Waste regulations” and ‘“Product
regulations” [32-35] have all been updated in 2020 to improve CDW handling and management.

RUS: Annually produces about 15-17 million tons of CDW, excluding soils, stones, and dredging
material. Bricks and reinforced concrete debris represent about 60% of the total mass. The
recycling rate covers about 5% of the total CDW. There is a CDW growth by approximately 25%
due to high levels of building activities and demolition of structures, which have reached the end
of life or do not comply with current urban requirements [65].

From all collected data about the handling of CDW, it is evident that there is room for
improvement and increase of material circularity. One of the reasons for slow adaptation of good
practice and full implementation of CDW recovery is insufficient legislation and lack of
guidelines. The other reasons include market readiness and the economic benefits of CDW
recovery for companies. The aim of the authors is to give a clear idea of existing documents for
demolition action and CDW management in Finland, Norway, the Russian Federation and also,
in brief, in the European Union.
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2. DEMOLITION ACTION
2.1 Pre-demolition audit

Performance of pre-demolition audit gives a greater possibility for recovery of building materials
and integration of circular economy and material flow practices. It is the first step towards
selective demolition from which can be obtained secondary raw materials for further processing,
reusable elements, and recycled materials for direct use. The pre-demolition audit ensures
traceability of material present in the object, which is about to be demolished and suggests further
handling of CDW [1]. Before demolition or renovation of buildings and infrastructures, it is
necessary to understand the type and amount of elements and materials that will be deconstructed
and give recommendations or assessment for any further processing or viable recovery routes for
such materials. The pre-demolition audits must also consider any relevant legislation if any
material will be reused directly on-site or if there are any hazardous materials in the structure, and
should have been performed at a minimum before applying to the demolition or renovation permit.
The audit report should be revised in light of the final result of the construction, demolition, or
refurbishment process [1].

FI: The pre-demolition audit is covered by building law 127 § and 139 §, and demolition permit
and notice are needed. Providers of pre-demolition audits (coursed for pre-demolition auditors)
are mediated by building control or the authorities of the city or municipality who permits the
demolition [36, 37]. Special own techniques for hazardous materials (like asbestos) removal,
handling and delivery to the landfill are required. There are own landfill areas for hazardous waste.
The most common building materials in Finland are wood, steel, brick, concrete and reinforced
concrete.

NO: Legislation for pre-demolition assessment of constructions is covered in “NS 3420 —
Specification texts for building, construction and installations”, “Building Research Design
Guides” and “TEK 17 — Building Technical Regulations” [38-40]. Those regulation are available
and used more in the southern part of Norway. The Norwegian parliament and other departments
in Norway adopt the audits and provide the necessary education. The auditor of construction is
required to report about (i) who is performing the audit, (ii) the date of audit, (iii) when the
construction was built and (iv) what purpose of use did it serve. Environmental mapping is
obligatory before the demolition and consists of an inventory of materials present and hazardous
materials, if any, their type, quantity, and location in the structure. Special techniques for
hazardous materials removal, handling and delivery to the landfill are required [39, 40]. The most
common building materials in Norway are wood, concrete, reinforced concrete, and light-weight
aggregate (LWA) blocks.

RUS: In the current regulatory and technical documentation of the Russian Federation, the concept
of “demolition of a building” is absent. Dismantling of existing buildings and structures is
considered a type of construction work; therefore, the procedure for obtaining a demolition permit
is similar to obtaining a construction permit. For the building’s demolition, it is necessary to
develop design documentation, obtain permits and pass expert review. Project documentation for
the demolition of buildings is developed based on a survey of the building’s general condition
(structure), including foundations, walls, columns, arches, and other structures. Details are
described in Construction Standards and Regulations 12-04-2002. “Labour safety in construction”
Part 2, construction operations [41]. It is necessary to make sure that the building is not a
monument of architecture and culture. The most common building materials in Russia are
calcium-silicate and clay bricks, stone, concrete, and reinforced concrete.

150



Nordic Concrete Research — Publ. No. NCR 64 — ISSUE 1 /2021 — Article 9, pp. 145-162

2.2 Planning of demolition

It is crucial under demolition planning to have clear guidelines for CDW management to increase
both the quality and quantity of CDW, which has the potential to be recovered. Specifying
appropriate dismantling and demolition practices, identifying the CDW generation and ensuring
workers’ safety is essential for successful CDW management. Additionally, adequate
documentation can be of great value when setting performance levels for several key factors in
demolition and CDW management, such as demolition contractors, site-specific CDW
management plans, environmental credentials, material and labour efficiency. The EU’s
Guideline for the pre-demolition audit, describes whom the management bureaucracy should
include and their roles, see Figure 2 [1].
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Figure 2 - EU’s role of pre-demolition actors in the pre-demolition management process [1].

FI: The assessment for demolishing a structure is necessary and needs to follow several
legislations concerning the construction, work safety, asbestos, waste and environment [42].
Samples are taken based on the auditors’ experience, and if either asbestos or creosote
contaminates the building, only specialised companies will have permission to do demolition
work as asbestos demolition work. The amounts of asbestos, creosote, lead, PCB and microbes
are measured (www.delete.f1). If it is uncertain that the building contains harmful compounds, the
safety guidelines should be followed, for example, “Asbestos Demolition Work Guideline*. The
guideline describes the work conditions such as vacuum isolation of the building or special care
in personal work safety. Different limits of contaminants for the inert, regular and hazardous
wastes for Finish CDW are presented in Table 2.
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NO: In “Building Research Design Guides 700.804 Planning of demolition work™ [19], the
demolition management roles that need to be present are the developer, the permit applier, project
manager, executor and third-party controller. Documentation describing environmental survey
and remediation is necessary before demolition action, e.g., detecting contaminants and asbestos
for remediation. These documentations should be according to Norwegian standards such as “NS
8141-2:2013 - Standard for vibration and shock” and “NS 9431:2011 - Classification of waste”
[43, 44]. There are different techniques for sampling materials, including core drilling, pigging,
sawing, cutting, and carpet stripping, and a sample of each material type shall be taken. The
sampling gives essential information about contaminants that are predominantly on the surface of
walls and floors. Limits for the content of contaminants in CDW for Norway are seen in Table 2.

RUS: It is necessary to develop and coordinate a package of documents that include, in particular,
the dismantling project for the demolition of dilapidated housing. In this regard, before starting a
project for dismantling, it is necessary to survey the building in order to identify architectural and
structural features for further safe dismantling. The entire survey complex is divided into Stage 1:
Study of existing documentation, materials; Stage 2: Visual (preliminary) examination; Stage 3:
Detailed instrumental examination and Stage 4: Survey Results. Limits for the content of
contaminants in CDW for Russia are presented in Table 2.

Table 2 - Limits of selected contaminants in inert, regula,r or hazardous CDW for Russian
Federation [45], Norway [46], Finland [47]

Russia Norway Finland
Inert CDW  Inert CDW  Inert CDW  Regular CDW  Hazardous CDW
[mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg]
As - 15 0.1 0.4 6
Ba - - 7 30 100
Cd - 1.5 0.03 0.6 3
111
Cr . T 02 4 25
Cu - 100 0.9 25 50
Hg - 1 0.003 0.05 0.5
Mo - - 0.3 5 20
Ni - 75 0.2 5 20
Pb - 60 0.2 5 25
Sb - - 0.02 0.2 2
Se - - 0.06 0.3 4
Zn - 200 2 25 90
Chloride 1000 - 550 10000 17000
Fluoride - - 4 60 200
Sulphate 15000 (SO3) - 560 10000 25000
DOC - - 240 380 480
TDS - - 2500 40000 70000
PCB - 0.01 1 1 1
PAH - 7-100 200 200 200
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2.3 Demolition itself

Each country has its national standards and guidelines concerning the demolition phase due to
different demolition traditions and habits from the era before the EU. There are differences in
acceptance of noise level and air pollutions, different topology where accessibility can be an issue,
and different environment, health, and safety regulations. Therefore, the EU has not provided any
common guidelines for demolition itself.

FI: “Land Use and Building Act 132/1999 - Legislation in force” — FINLEX [48] is the governing
legislation on demolition and construction. When doing demolition work in Finland, selective
demolition is the most common practice, whereas sorting demolition, renovation demolition, total
demolition, blasting and burning are the most commonly used techniques. Under demolition work,
the air’s dust content outside the work zone cannot be higher than 0.05 mg/m? of dust particles,
and the noise level shall not exceed 55 dB [49]. Sorting of materials is recommended but is not
compulsory. Therefore, the customer is required to specify if there will be any recycling or reuse
of CDW.

NO: Has guidelines available on server “Building Research Design Guides” and for demolition
purposes guidelines are provided 700.804 Planning of demolition work™ [19] or ““ 241.070 Waste
management in building cases - planning and documentation” [50]. Environmental mapping and
decontamination during demolition are described in “Building management” 700.802 [51].
Selective demolition practices are not fully implemented in standard demolition practices, but
Norway differentiates between non-load-bearing structures and load-bearing structures.
Demolition of non-load bearing structures is performed either with hand tools or small machines
adapted to interior work such as mini loaders and excavators, carpet strippers, motorised
wheelbarrows, conveyor belts, crusher, and demolition robots. Load-bearing structures are usually
carried out by mechanical knocking, pigging, sawing, wire sawing or core drilling. A combination
of the methods is possible but depends on the prerequisites for the work. Reuse of elements such
as doors and windows are often not practised due to their low value. During demolition work, the
requirements for noise level and dust content in the air are enforced by the local municipalities.
Depending on the time of day and location, the noise levels should not exceed 50-70 dB, and the
level of air pollution shall not exceed 5 g/m?. To ensure, that the level of air pollution and noise
are in compliance with regulations, control and documentation are required. The noise and dust
meters should be installed in specific locations on the construction site to monitor all activities
[19].

RUS: Demolition or dismantling of an object should be performed in the reverse order of
construction, i.e., from top to bottom, by floors, by sections, by spans according to construction
regulation “SP 325.1325800.2017 Buildings and construction - rules for the production of
demolition and recycling” [52]. There are two methods for dismantling buildings in Russia,
demolition, and disassembly. Disassembly is mainly used in dense urban areas while demolition
is used in the countryside, the method has its differences where dismantling is differentiated into
three categories described in Figure 3. At the main stage of the dismantling of various buildings,
manual, semi-mechanised, mechanised, and explosive dismantling methods are used.

In some cases, selective demolition is used, but the most common method is a combination of the
previously stated techniques for dismantling or demolishing. The practice of reusing whole
elements, such as windows, roof beams or roofing is common. During demolition or dismantling,
dust content outside of the work zone shall not exceed 0.3 mg/m? [53]. Noise level assessment of
the work zone is carried out following construction and regulations 51.13330.2011 “Protection
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against noise” [53], and for residential areas, the noise level in the daytime should not exceed 70
dB.

Step 1
Dismantling of internal engineering systems
(Water supply, gas supply, electrical supply, ventilation, communication networks,
engineering equipment and devices)

Y

Step 2
Utilization of building and structures.

I
v v

Dismantling
Demolition:
Mechanical = - =
- Mec
. 3. According to
- Explosive 1. By scope of 2. By volume of the method of
- Special work: dismantled .
(Hydraulic blas'ting, thermal, - Total structures: work:
electrohydraulic, hydraulic - Partial - Element-wise - Manual
cracking) - Mechanized
- Local - Separate blocks _ Combined

Figure 3 - RUS: Dismantling of the object (Organization Standard NOSTROY 2.33.53-2011) -
liquidation of the building (structure) by dismantling prefabricated and collapsing monolithic
structures with the preliminary dismantling of technical systems and decoration elements [54].

3. CONSTRUCTION AND DEMOLITION WASTE MANAGEMENT

While the pre-demolition audit focuses on the product, a logistic waste management plan focuses
on whether it is possible to reused or recycle any material from construction, renovation or
demolition . A good waste management plan contains information about demolition phases, the
contractor, materials to be collected, transportation for each material, recycling, reuse, or final
treatment of each material. The plan should also address environmental, health and safety issues,
environmental impact limitations, and how the inert, contaminated, and hazardous waste are
managed [2]. The EU’s CDW management is illustrated in Figure 4 where there are three stages
of management and three stages of a liable party [55].
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Figure 4 - Decision-making process in the formulation of the inventory and management
recommendations [55].
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3.1 Handling of CDW

There is several theories or techniques which could be applied to waste management in all fields
and industries. The Life Cycle Assessment (LCA), cradle-to-grave (linear model) or cradle-to-
cradle (circular model) analyses are suitable for the description of CDW handling. If the life cycle
of an existing construction is described as cradle-to-grave model, “cradle” represents building
materials used for the structure, and the “grave” represents demolition and disposal of CDW in a
landfill. When recovery, reuse, or recycling of CDW is considered, it is referred to as cradle-to-
cradle or closed-loop models [56]. C. Broadbent [57] studied the benefit of a cradle-to-cradle
methodology in steel production. It was found that every 1 kg of steel scrap that is recycled at the
end of a product’s life will reduce environmental emissions by 1.5 kg COz-eqv. (73%), reduce
energy consumption by 13.4 MJ (64%) and reduce material depletion with 1.4 kg (90%) iron ore,
compared to 100% primary production. The cradle-to-cradle methodology demonstrates a
significant reduction of emission firstly by lowered extraction of raw materials and secondly by
removing occupancy of space at the landfill. C. Knoeri et al. [58] compared the LCA of recycled
concrete (RC) against conventual conventional concrete (CC) for structural application in
accordance with Swiss standards. The authors stated that the environmental benefits of high-grade
RC have been doubtful since cement content is the main contributor to the global warming
potential of concrete. Another study compared a linear model of concrete waste handling with two
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circular models, where the RCA was used either as road base material or in concrete production
with a replacement ratio of 50% of natural aggregates by RCA, see Figure 5. The scenario analysis
was applied on a construction project in Iskandar, Malaysia, and a reduction of overall
environmental impact due to reuse and recycling was concluded [59].

Supply =w Demand = x Supply = w Demand = x
Road Road
Construction 0 Recycling 0 Construction W Recyclin w
P —— Construction - yeing = C ti
te (C5 Plant (RP onstruction
site (CS) ant (RP) Site (RCS) site tICS) Plant (RP) Site (RCS)
w 0 Tw i 0 ‘o 0
Y v v v !
Concrete ¥ Aggregate Concrete y Aggregate
Landfill Batching ~|&—{ Mining Quarry Landfill Batching [«— Mining Quarry
Plant (CBP) (AMQ) Plant (CBP) (AMQ)
0 Demand =y Supply = x+y 0 Demand =y Supply =y

Figure 5 - (left) System boundary for scenario I - landfilling, (right) System boundary for scenario
2 where concrete waste is recycled as road base material [59].

The Waste Framework Directive states that EU member countries shall take measures to promote
up-cycling, in other words, a gain of material with the highest possible preserved quality. The EU
member countries shall also set up separate recycling centres where known methods of recycling
can be practised. These materials can be paper, metal, plastic, and glass [16]. To enforce such
directives, the EU requires all member states to report the present status of CDW recovery level
to the commission.

If 70% recovery level by 2020 is not met (CDW recovery level set by EU), member states should
report the reason and the action which the member state intends to take to achieve the set targets
[16]. The process of recycling of CDW requires significant space and the feasibility is highest in
densely populated and urbanised areas. Public authorities and municipalities need to have several
roles in defining a proper recycling logistic based on location and overcoming “Not in my
Backyard” mentality for more local recycling centers in urban areas [2].

When handling hazardous CDW the establishments and undertakings which collect or transport
hazardous materials shall keep a chronological record of the quantity, nature and origin of the
material. The records of hazardous waste shall be stored in a database for at least three years, and
data about transport must be kept for at least 12 months [16].

FI: Follow the “Waste Framework Directive” 2008/98/EC [16] as well as directive 1999/31/EC
“Landfill of waste” [60]. In total 80% of CDW processed and is utilised via Finnish earth
construction act 843/2017 “Government Decree on the Recovery of Certain Wastes in Earth
Construction” [47] and standard SFS-EN 13242 [49]. The rest of the CDW is landfilled for a price
of 70 Euro per ton (€/t) in 2020. There are over 200 landfills around Finland.

NO: Has national guidelines for handling the CDW, mostly from Building Research Design
Guides and Environmental Agency [39, 61]. Most of the CDW was landfilled until the end of
2019. In 2018, approximately 0.5% of concrete and LWA-brick waste were recycled. Whereas
63% were disposed at landfills, and 34% was backfilled [61]. Now there is a trend of backfilling
and direct utilisation in the construction industry. Inert CDW such as crushed concrete and LWA-
bricks are used in road construction, noise barriers, parking lots, and earthworks, while lightly
contaminated CDW is evaluated individually in the CDW centres. If the contaminated CDW is
reused, the contamination limits must not be exceeded. Norwegian landfills classify CDW into
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three categories, namely inert waste, contaminated waste, and hazardous waste. There are 64
landfills in Norway, but only two landfills are for hazardous waste. Furthermore, there are two
recycling centres for soil, and a recycling centre for concrete and brick debris is scheduled to be
built in 2021 by AF Decom.

RUS: Currently, there is no unified concept of construction and demolition waste, as well as the
established term for such waste, although Russia has 243 recycling centres that process CDW in
recycled aggregates (RA) and the price for income CDW is approx. 4 €/t (270 rub/t). Landfilling
of hazard waste costs from 9.5 to 66 €/t. Unfortunately, the fourth hazard class (practically non-
hazardous) has a price of 0.6 €/t, which exposes the disadvantage of recycling CDW. The Russian
Federation’s legislation on waste management is primarily aimed at improving the ecology and
environmental protection, despite that there is no precise regulation of the waste recycling system.

3.2 Utilisation of secondary raw materials (SRM) produced from CDW

To complete the circular approach, the usability of SRM shall be provided and allowed.
Conditions for the use of SRM are sometimes too high and hardly reachable, which has a
significant impact on the uptake of circular material flow. Recognition of places, where SRM can
be applied is crucial and can lead to the establishment of reuse and recycling of CDW as an
indispensable part of the building industry.

FI: The Earth Construction Act governs the utilisation of crushed concrete waste [47]. Crushed
concrete can be used as a filling material for roads, fields, and floor structures of industrial or
storage buildings if the solubility of harmful elements is not exceeded. The CDW layer thickness
for these is < 1,5 m. Some Finnish companies have commercialised crushed concrete (e.g. Rudus
and Delete), but it is used only in earth construction, not concrete. All countries from the EU
follow the EN 206 standard, which allows a certain percentage of RCA to replace natural
aggregates by, yet it is not common in the practice of concrete producers as the certification of
concrete mixes might be more complex.

NO: Products in the construction industry certified and marked with EU-flower or that has been
evaluated by ECO-product with a score of 6 or higher in “waste” and a green or white mark on
hazardous substances, is advised in recycling. If the product has not been certified, it is up to the
contractor to obtain information and decide if it is recyclable [40]. Recycled aggregate has been
included in all Norwegian standards and legislation which mentions natural aggregate from road
construction and concrete to railway ballast. In NS-EN 12620 [62], recycled aggregate is defined
by two types of qualities, AN and BN. AN has a dry density of more than 2000 kg/m®, water
absorption of less than 10% and can only include less than 1 % of non-mineral contaminants or
glass. Type BN has a dry density of more than 1800 kg/m?, water absorption of less than 20% and
cannot include more than 5% by volume of non-mineral contaminants or glass [63]. Further, NS-
EN 206 specifies conditions for replacing natural aggregate with recycled aggregate based on the
concrete strength and durability, given in Table 3 [63].
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Table 3 - Norwegian conditions for the use of RA fraction [63].

Conditions for Recycled Aggregate <C25/30 - X0 <C45/55 - X0, XC1, XC2,
Fraction XC3, XC4, XF1
RA Fraction 0/4 Type AN 10 % -
RA Fraction 0/4 Type BN 5% -
RA Fraction 4/16 Type AN 30 % 20 %
RA Fraction 4/16 Type BN 10 % 0 %

RUS: Processed CDW can be used as aggregates for various purposes, such as material for the
foundations of highways, the foundations of runways and airport aprons, roadsides, components
for ready-made mixtures utilised in reclamation, landscaping, and earthwork. All mentioned
applications are regulated by the Interstate standard 32495 [45].

Processing of disposed reinforced concrete products from demolition or dismantling of buildings
are also used for the manufacture of concrete mixtures and mortars. Russian State Standard 26633
[64] states that the use of crushed RA in concrete mixtures in the production of concrete and
reinforced concrete structures with a strength of 5-20 MPa and a strength of 20-30 MPa (when
mixed with natural aggregates) is allowed only after testing to confirm the possibility of obtaining
concrete with standardised quality indicators.

Table 4 - Product price [€/t]

Russia Norway Finland
Natural aggregates (NA) 7.5 10-14.5 10
Recycled aggregates (RA) 3.6 - 22.2

4. CONCLUSIONS

The following conclusions were drawn from an extensive review of document and discussions
with demolition and CDW management industry representatives:

FI: Shows evident dedication toward recycling where they have already completed the EU’s goal
of recycling 70% CDW by weight. In total, 80% of crushed concrete waste is utilised in Finland.
Only contaminated CDW is going to landfills. CDW is used in roads, fields, and floor structures
of industrial or storage buildings if harmful elements’ solubility is not exceeded.

NO: There are many different standards and regulations regarding demolition and CDW handling,
but parts about selective demolition, recovery, reuse, and recycling of CDW are missing. Pre-
demolition audit and more precise plans for demolition are being discussed, and new regulations
and guidelines introduced. Companies conducting demolitions are starting to take up selective
demolition practises, increasing material circularity and implementing the circular economy.
Finally, a change of legislation, significantly adjusting the limit of Chrome VI from 2 mg/kg to 8
mg/kg will establish an entirely new value chain and marketplace with recycled aggregates
produced from inert CDW. Norway produces annually 1,5 — 2 million tons of CDW, only 42%
by weight is recovered, and most of the CDW goes straight to one of the 64 landfills. There is a
lot to improve if Norway wishes to follow the EU’s guidelines toward pre-demolition auditing
and CDW handling. In the year 2020, Norway updated most of their legislations regarding
demolition and CDW handling.
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RUS: Russia does not have a unified concept of construction and demolition waste yet, but the
current legislation in waste management focuses on improving the ecology and environmental
protection. Even though there is no precise regulation of the waste recycling system, Russia
recycles and has sub-legislation concerning demolition and disposal of construction waste and the
pre-demolition audit. With annual produce of 15-17 million tons of CDW and 5% recycling rate
with 243 recycling centres, there is room for much improvement if Russia wishes to follow the
European Unions’ goal of 70% recovery rate by weight recovery of non-hazardous CDW.
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