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Preface

Since 2016 the University of Boras has developed research expertise in recycling of concrete within the
RE:concrete program. The program brings together research projects, exam thesis projects,
collaborative projects with industry partner with focus on waste from ready-mixed concrete and
prefabricated element manufacturers to be recycled in new concrete with a performance equivalent
to the reference concrete. The purpose of the program is to assess the technology, develop and adapt
methods for recycling concrete on a laboratory scale and transfer the results to industrial scale. In this
way, the cycle is closed and the material value of the concrete waste is retained, the amount of waste
is reduced and a closed loop recycling is realized.

This final report is concluding the findings of the Prestudy on Regional recycling of concrete a project
financed by VGR, Region Vastra Gotaland, GIS, Gunnar lvarson’s Foundation on Sustainable built
environment and the University of Boras.
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1. Background for the prestudy

The purpose of the prestudy is to start a stakeholder dialogue on concrete waste and recycling at
national and regional level. Two studies are conducted: a national survey with Svensk Betong's
members and an interview study with municipal actors and transport and waste management
companies in VGR.

1.1 Statistics in Sweden

Waste from the construction sector accounts for about 35% of the total amount of waste in Sweden.
About a third of this is made up of mineral materials such as concrete and rock. Increased reuse of
concrete in new concrete production reduces the amount of waste that goes to landfill and reduces
the extraction of virgin material such as natural gravel and rock. The challenge for recycling concrete
in new concrete is related to the amount of waste and the quality of the waste. That a sufficient
amount is recovered, close enough is also important to minimize transport distances and thereby
reduce CO; emissions. This points to regional or even municipal solutions for recycling, i.e. transport
distances of perhaps no more than 4-5 miles. The survey results from this preliminary study support
well this hypothesis.

Statistics from the Swedish Environmental Protection Agency's "Avfall Sverige 2018" show that most of
the concrete waste from demolition is used as filling material or for road construction, figure 1. The
waste comes from load-bearing structures and its capacity is not fully utilized in these deposits as it is
used as gravel (open loop recycling) and thus loses material value. When concrete waste is recycled as
aggregate in new concrete in load-bearing structures, it is called closed loop recycling and also called
bonded application as the waste is bonded in concrete. Only 12% of total treated concrete waste in
Sweden is recycled in load-bearing structures. To use recycled concrete as aggregate, new technology
and new ways of handling waste must be established in the concrete industry.
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Figure 1 Concrete waste origin and statistics, (Avfall Sverige 2018)



Recycling extends the life of the concrete. The source of the concrete waste is load-bearing concrete
from demolition or residual concrete from operations. Waste treatment then takes place in the form
of sorting, recycling or landfill. In technical life span 2, utility applications for the waste are defined.
The largest source for concrete waste is demolition waste, which after treatment is mostly used as
construction/filling material or for road construction. The waste comes from load-bearing structures
and its capacity is not fully utilized in these applications (open loop recycling). The quality spread can
be quite large in demolition waste, but it could be divided into batches that are suitable for different
applications. In this way, the value of the material are maintained and the waste can be recycled more
resource efficiently (RE:Source 2019 (1)). Factory concrete and prefabricated waste have a small
spread in quality, are mostly recycled in new concrete and in load-bearing elements. At present, 5% of
own operational waste may be returned to own production. (closed loop recycling - from load-bearing
concrete to load-bearing concrete) However, new sales areas are needed. Both the survey and the
interview study result in this conclusion. All stakeholders agree that in order to get started with the
work to develop new applications, more cooperation would be needed between the actors. Statistics
from Avfall Sverige 2018 show that the total mineral and mixed construction and demolition waste is
2.68 Mt of which is 197,000 t hazardous waste. Total treated mineral and mixed construction and
demolition waste is 1.18 Mt, energy recovered waste is 41 700 t, incineration without energy recovery
290 t, landfill 74 600 t, load-bearing structures 151,000 t, filling material 239,000 t, road construction
701,000 t. These values are Swedish official data and referred to even in Eurostat but there is an
uncertainty in the statistics depending on the data reported by waste management companies.
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Figure 2 Sales of secondary aggregates in Sweden (SBMI 2019)

Compared to other Scandinavian countries and Europe the amount of sales of secondary aggregates
in Sweden is less than 5% of total sales. This means that there is potential to increase the sales rate of
aggregate with secondary origin and fulfil societal sustainability claims.



1.2 Laws and directives related to recycling of concrete in Sweden

This chapter presents the most important legal actions in Sweden regarding to recycling of concrete.

The Climate Act 2018 ensures that the work is based on the climate goals, that by 2045 Sweden will
have no "net emissions" of greenhouse gases into the atmosphere. The cement and concrete industry's
action plan to achieve this is the Concrete Initiative for climate-neutral concrete 2045. As a
consequence of the Climate Act, builders are required to make climate declarations on all building
materials that are part of a new building from 2022. The climate declarations are based on life cycle
analyzes. The standard for EPD on construction products has been revised (SS EN 15804) precisely with
regard to considering the benefits of reuse-recycling.

The governmental Avfallspaket affects municipal actors by clarifying the responsibility for collecting
construction and demolition waste from the household.

Construction and demolition waste must be sorted into 6 fractions (wood, metal, glass, plastic, gypsum
and mineral waste will have their own fraction). The Planning and Building Act makes adjustments to
focus on control plans for construction and demolition waste that are reusable and recyclable.

An important regional governing document is Vastra Gotaland Region’s Klimat 2030, which describes
the route to a fossil-free region until 2030. Construction and demolition waste is related to by focus
on the reuse of waste in the region.

Circular economy - action plan for the conversion of Sweden contains the government's latest
guidelines on new milestones for construction and demolition waste, which will amount to at least
70% by weight annually until 2025. Priority flows in the transition to a circular economy include a.
waste from the construction and real estate sector.

1.3 Technical requirements for recycling of concrete in Sweden

Several technical standards are revised due to the changes in the societal sustainability goals. Here
sets focus on the most important ones in relation to recycling of concrete.

SS 137003: 2021 application of SS EN 206: 2015 standard for the properties and manufacture of
concrete:

The standard for concrete is now being revised with the aim of increasing the use of materials with
less climate impact, such as slag, alternative cements and recycled aggregate. When we mix new
materials into the concrete, it will lead to increased requirements for testing of durability such as
carbonation, chloride penetration and frost resistance. Aggregate from recycled demolition material
must also be tested for alkali silica reactions as it must be ensured that the original concrete or
demolition product does not contain alkali-reactive aggregate.

The amount of replaceable aggregate has not change being planned for a later revision, figure 3.



55 137003:2015

% of coarse aggregate

Type of material Exposure class
X0 XC, X1 XC)S(,D);(.?;I;F);SJ., All other
Type A 50 30 30 o
Type B 50 20 o o
Type A 50 30 30 o
Type B 50 20 o o

Amount of aggregate from reclaimed crushed aggregate

aggregate or reclaimed washed aggregate

Figure 3 The amount of replaceable aggregate according to Swedish standard

Two classes of concrete waste (type A and type B) have been defined with different requirements for
components (concrete material, rock, brick, etc.) as well as for purity and density. In type A, 95% must
come from concrete and rock materials and in type B 70%. Terms of use of aggregate is divided in 2
groups:

From demolished: Recycled aggregate - rivningsmaterial

From ready-mixed concrete (fabrik): Reclaimed crushed aggregate - krossad restbetong or Reclaimed
washed aggregate - farsk restbetong from own operation

Demolition waste may replace a maximum of 50% of the coarse aggregate in, for example, exposure
class X0 (indoors). Residual concrete from own production may replace 5% of the total amount of
aggregate (fine + coarse).

EC2, design of concrete structures (EN 1992-1-1:2005): Revision of EC2 will entail changes that need
to be taken in a future revision of SS EN 206. EC2 will undergo a comment process in 2021, with e.g.
design with regard to the permitted % aggregate replacement with recycled. The novelty lies in that
the fine aggregate may also be replaced. The addition of the new annex to the present contents of
standard is seen in figure 4.
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Figur 4 Informative appendix N on Design of concrete with recycled concrete aggregate,

A degree of replacement with recycled aggregate aRA is defined as the ratio of the amount of fine +
coarse aggregate to the total amount of aggregate in the concrete according to eqv. 1. Replacement
ratio is related to demolition materials of Type A and B.

o __amount of (fine+coarse) recycled aggregate
RA —

eqv 1

total amount ofaggregate

For reinforced concrete, Type A:

-Replacement ratio aRA < 0.2 has no effect on the mechanical properties. No tests need to be done as
long as the new concrete has the same ERC class (exposure resistance class) as the concrete with
normal aggregate (ftEN 1992-1-1).

-For replacement ratio 0.2 <aRA < 0.4 table values should be used or the properties tested

-For replacement grade aRA> 0.4 properties must be tested for used aggregate batch both for
mechanical and durability properties. The test results can, for example, show that if the concrete has
a lower strength than the reference, its exposure resistance class will decrease within the same
exposure class.

Resistance properties such as carbonation, chloride penetration and frost resistance control, among
other things, the value of cover layers with the help of exposure classes. ERC are now also being
introduced to nuance the degree of impact on the concrete in an exposure class.

The proposal submitted is informative, not a must requirement, but opens up the possibility of more
than 40% replacement of the ballast (fine + coarse) with recycled.



SS-EN 15804:2012 Sustainability of construction works- Environmental product declarations - Core
rules for the product category of construction products: EPD building materials, revision on the
compulsory moduls to taken in consideration to A1-A3, C1-C4 and D, figur 5.
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Figur 5 Modules to be considered in SS- EN 15804

In this revision, the number of compulsory modules to be considered for a construction product is
increased. From the A1-A3 product phase in a building's life cycle, C1-C4, the end of the technical life,
is now also included. Module D will also be mandatory to describe the benefits of reusing / recycling a
construction product. The revision will affect the EPD for recycled aggregate products.

EPD-environmental product declaration, are produced based on life cycle analyzes and are certified by
third party bodies.



2. Survey study on recycling of concrete in Sweden, industrial partners
— Analysis of results

The survey with a total of 21 questions about concrete recycling was sent out to a total of 47 companies
via Svensk betong’s (The Swedish concrete association’s) member register. Svensk betong is an
industry organization having membership of more than 60 Swedish companies that manufacture
ready-mixed concrete and pre-fabricated concrete products. Out of the 47 companies approached, 20
companies chose to participate in the study, which corresponds to a total response rate of 42.5%. The
response rate per question varied, however, there are no answers from the companies to all questions.
The survey form along with the questions is presented in Annex Il of this report.

One of the questions with answers from all companies concerned the type of business. The analyzed
answers to this question show that 15% of the participants only manufacture prefabricated elements,
40% manufacture prefabricated elements and ready-mixed concrete, and 45% only manufacture
ready-mixed concrete. The distribution of surveyed companies based on their business type is seen in
figure 6.

m Ready-mixed concrete
= Pre-fabricated concrete

= Ready-mixed & pre-fabricated concrete

Figure 6 Distribution of surveyed companies based on business type

2.1Location of concrete producers

The participants were asked about the number and geographical placement of their production sites.
The results are analyzed separately for ready-mixed and pre-fabricated concrete producers.

Ready-mixed concrete

A closer analysis of the participating companies shows that manufacturers of ready-mixed concrete
are primarily located outside metropolitan area (30%) in all regions (25%) and to a small extent (5%)
within metropolitan limits. Of the responding companies, 60% stated that they have one production
site, 30% had two production sites; the largest share of 6 production sites corresponded to one
producer. 50% of the participants chose not to answer the question.

Pre-fabricated concrete

Analyzed answers regarding geographical location of production facilities for prefabricated elements
show a similar distribution as for ready-mixed concrete, with the biggest difference that 15% of the



production facilities are located within the same region. 10 companies out of 20 chose not to answer
this question. Based on their answers, the geographical location of the participating companies and
their production facilities is distributed as seen in figure 7.

Ready-mixed concrete Pre-fabricated concrete

Outside metropolitain area

Within metropolitain area

30%
40% ° All regions combined 0% 30%

R Other regions ‘ SRR
5% /o 5%

s m Own region
,,,,,,,,,,,,,,,,,,, 5%

R S X No answer L -

Figure 7 Geographic placement of participating companies based on business type
Geographic spread of companies

Distance for transport of own material (produced concrete) and natural aggregates is essential for
concrete production, which is why this was also investigated in the survey. The question was answered
by all 20 participating companies, results summarized in figure 8. The results show a relatively short
distance (0-49 km) from the production facility for transport of own material (65%) and natural
aggregates (55%) for the majority of the respondents, while transportation distance for natural
aggregates exceeds 100 km for 10% of the respondents. Transport costs and the environmental impact
of transporting natural aggregates and own material are therefore considered to be marginal.
Furthermore, analyzed survey results show that transport to landfill from the participating companies
takes place at most 1 time / month.

Transportation distance -own Transportation distance-
material (min/max) natural aggregates (min/max)
) 20%
25% 0-49 km 0-49 km
50-99 km 10% 50-99 km
10% 65% 100-149 km T °5% 100-149 km
Unsure Unsure

Figure 8 Assessment of transportation distances for own material, natural aggregates among
surveyed companies



2.2 Concrete recycling — resources, potential

If we then analyze access to sorting, storage, crushing and recycling of concrete outside the production
facilities, the survey results show that:

That 35% of companies state that their facilities have the ability to sort to 80-100%. That 25% of
companies state that their facilities have the ability to sort to 0-20% and that 10% of companies have
the opportunity to recycle to 40-80%. The question was answered by 16 companies, 20% chose not to
answer which corresponds to 4 companies.

A similar result can be demonstrated in the analyzed results regarding resource availability for storage.
These results differ only primarily from the previous ones in that they show that 15% of the participants
indicate an opportunity to store material for between 40-60% of the facilities. The question was
answered by 17 companies while, 6 companies did not answer this question. An analysis of the answers
from the participating companies when asked about sorting, storage facilities are seen in figure 9.

Sorting resources in % of Storage resources in % of
production facilities production facilities

25% 40-60% — 40-60%
60-80% 60-80%
80-100% 80-100%

10% ™ ® No answer
No answer 255 15%
35%
10% 10%

Figure 9 Analysis of availability of sorting and storage resources distributed by the share of
production facilities of surveyed companies

Access to resources for recycling

On analyzing the resource availability for crushing and recycling based on the answers from
participating companies, it is seen that:

33% (7) of the participating companies state that 80-100% of their plants have access to crushing, at
the same time that 22% (4) of the companies state that up to 20% of their plants have access to
crushing. A deeper analysis of access to crushing shows that 30% of companies with access to crushing
have their own mobile crusher and 20% of companies hire a mobile crusher (as they do not have this
resource). In conclusion, the results show that 40% of companies have access to crushing by sending
the concrete waste to a crushing plant. The results therefore show a good supply of resources for
crushing.



Regarding analyzed survey results on the resource availability for recycling, these are indicative due to
a few responses received (zero = 35% of the companies, or 7). On the other hand, the results show
that 30% of the responding companies state that up to 20% of their facilities have access to recycling,
and 20% of the companies that 80-100% of their facilities have access to recycling. The big difference
is due to the fact that the latter companies are larger companies in the production of ready-mixed
concrete which also have greater financial resources. The results are supported by analyzed survey
results on how companies work with recycling shown in figure 10.

Available crushing resources Available recycling resources

“zz% = 0-20% “ = 0-20%
28% = 20-40% 35% 30% = 20-40%
40-60% 40-60%
. 60-80% 60-80%

= 80-100% = 80-100%
o = No answer 5% » No answer
2 5%
33% 20% 5%

Figure 10 Analysis of availability of crushing and recycling resources distributed by the share of
production facilities of surveyed companies

When questioned about how companies work with recycling; 10 companies (50%) working with
production of ready-mixed concrete answered. Of these, 30% of the companies stated that they have
expert staff and 25% that they have a special sustainability manager. This answer shows that there is
no established department working with questions on recycling; the responsibilities are shared among
the sustainability and production departments.

Types of concrete waste recycled

After analyzing the accessibility of surveyed companies to recycling resources and with information on
how companies work with recycling, it is interesting to know which type of concrete waste is most
recycled. The waste types include fresh concrete, aggregates from fresh concrete spill, washed
aggregates, crushed aggregates from hardened concrete rejects, concrete sludge and water.

10 1. Fresh concrete- factory
2. Fresh concrete- construction

v 3. Washed aggregates from
§ fresh/spill concrete
§ 6 4. spills/washed sludge
S 5. spills/washed water
g4 6. Crushed aggregates from
g rejects- factory
go 7. Crushed aggregates from
) I rejects- construction
0 8. Aggregates from fresh spill-
1, 2, 3. 4, 5. 6. 7. 8. 9. 10. factory
Types of waste 9. Sludge
10. Water

Figure 11 Analysis of types of waste arising in concrete production companies and extent of recycling



Analyzed survey results, seen in figure 11, clearly shows that the waste that is most recycled consists
of fresh concrete (from construction, concrete factory) closely followed by waste in the form of washed
out aggregates, sludge and aggregates from fresh spill. The results suggest that the waste that is
"easiest" to handle is the one that is recycled the most.

Extent of replacing recycled concrete in new concrete

To deepen the knowledge about how recycled material is used, the survey included questions about
how large a proportion of the recycled concrete is used in the production of new concrete and in
concrete recipes. The analysis of extent of replacement in new production, concrete recipe is shown
in figure 12. Current replacement of virgin material with recycled concrete in the production of new
concrete indicates results that 30% of the participating companies replace the virgin material with
recycled material by up to 60%, that 10% of the participating companies replace the material by 20-
40% respectively 10% of companies to 80-100%. The results are indicative because 12 out of 20
participating companies answered the question (No answer = 40% corresponds to 8 participating
companies).

Analyzed survey results show that 20% of the participating companies replace virgin material in the
concrete recipes with recycled material to between 80-100%. The results show an even distribution
regarding replacement of recycled material in concrete recipes; i.e. 10% of the participating companies
state that they replace virgin material with recycled material up to 20%, up to 40% and up to 80% of
their concrete recipes.

Replacement in new concrete Replacement in concrete
production (%) recipe (%)
5% 0-20% 10% 0-20%
10% 20-40% 20-40%
3 10%

40% Nk ., 40-60%

60-80% 45% > 60-80%

‘ 30% = 80-100 A 10% = 80-100
No answer B NO ShSwer

10% 5o 20%

Figure 12 Analysis of extent of replacing recycled concrete in new production, concrete recipes

2.3 Sustainability aspects related to concrete recycling

The survey examined the potential benefits that the participating companies see in the recycling of
concrete, summarized in figure 13. The results clearly show sustainability benefits such as reduced use
of virgin material in the form of natural aggregates (gravel) / rock (60% of the participating companies)
closely followed by reduced share of waste at production sites / construction (55% of the participating
companies). The analyzed results also indicate that the companies do not see benefits in the form of
reduced transport trips and reduced costs in the long term from increased concrete recycling (35% of
the participating companies). According to the survey results analyzed, the companies do not use
concrete recycling as a market argument as only 30% of the participating companies stated this as an
advantage.
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Figure 13 Benefits from concrete recycling from sustainability perspective, analysis of survey results
Environmental aspects relating to sustainability

The environmental benefits of concrete recycling was examined with respect to whether the
participating companies:

¢ Made sustainability reports
* Marked their products with EPD (which is a requirement within LCA)
¢ Performed LCA analyses

Completed analysis of received survey responses shows that 60% of the participating companies report
sustainability, while 25% do not. The question was answered by 17 participating companies (3
companies stated uncertainty, 15%). Similarly, analyzed survey results show that 45% of the
participating companies notice EPD, but at the same time that 40% do not do so, which is remarkable
as this is a requirement within LCA analysis. The results are supported by analyzed survey results
regarding LCA as this show that 45% of the participating companies do not carry out LCA, compared
with 35% of the companies doing so. Answers analyzed in figure 14.

Sustainability reporting EPD marking of products Life Cycle Analyses (LCA)

45%

mYes mNo = Unsure

Figure 14 Usage of tools to report environmental benefits arising from concrete recycling



Economic aspects relating to sustainability

At present concrete waste is crushed and used as filling material in road construction, implementation
of such recycling involves collaboration between stakeholders in construction, aggregate producers
and waste management companies. Results from completed survey show that management of
concrete waste requires collaborations between local contractors with manufacturers of crushed
aggregates, landfill companies, with larger construction companies. A majority share of participants
(about 65 answered that collaboration was required crushing plants and therefore can be realized as
an important stakeholder for the concrete recycling supply chain.

Social aspects relating to sustainability

Finally, the survey questions were directed to examine the social aspects relating to sustainability that
may arise with concrete recycling. This includes social benefits such as the increasing competence, jobs
creation and reduce the impact of landfills in the vicinity of densely populated areas. Interestingly, the
analyzed survey results showed that the participating companies did not believe that increased
recycling created new jobs (0%). Thus indicating that they may already have sufficient human resource,
which they could allocate towards this. This is in contrast to the possibility of increasing the
competence (48% of the companies surveyed) or reducing the social effects of landfill (52% of the
participating companies).

2.4 Towards developing concrete recycling
In order to increase the recycling of concrete, it is important to identify new areas of use; a part of the

survey was dedicated to analyzing this. Based on the responses, the following 5 new uses could be
identified, such as:

* Load-bearing layers in road construction

* Counter-weights for floating bridges

* As aggregates in new concrete

*  Filling material in road construction

* Re-use of water to prevent acidification
Of these, the area of use mainly identified is use of water from concrete production to reduce
acidification.
Development within the companies to improve concrete recycling

Demands for increased recycling of concrete requires companies to developed internally. Analyzed
results from the survey show that the participating companies believe they require a very increased
improvement (25% of the companies) or an increased improvement (15% of the companies) internally.
Only 20% of the participating companies stated that they believed they required a very small increase
internally; split-up of all answers are shown in figure 15.



Extent of internal improvements
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Very large increase
20%

25% Large increase
Neutral
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Figure 15 Assessment of internal improvements in companies to develop concrete recycling

Related to internal improvement required to meet the increasing on demands for recycling of
concrete, led to the examination of influencing factors. The survey clearly shows that requirements
from authorities (environmental requirements, certification, regulations) are considered the most
influential factor (69% of the participating companies), followed by tax relief, producer responsibility
(similar to that found on other materials) (51% of the participating companies). Other high-ranking
influencing factors are the opportunity to increase market share. This is interesting because previous
results show that the participating companies do not see concrete recycling as a marketing argument,
as well as opportunities to develop cooperation with companies, which is confirmed by previously
presented results. On the other hand, increased cooperation with the municipality administrative
board or municipality is seen as a factor that does not affect internal development in order to meet
requirements for concrete recycling. Table 1 shows how the companies rank the factors based on their
influence on developing concrete recycling.

Table 1 Factors influencing concrete recycling identified by the survey

Influence
Influencing factors (internal)- concrete recycling (cumulative %)

Environmental claims, certification, standardization, claims on concrete recycling (69

Tax subsidies, producer responsibility, low cost coupled with good quality 51
Increase market share 48
Increase collaboration between companies 48
Improving recycling techniques /replacement of natural aggregates 45
Increased collaboration with research and development institutes and practical

applications 45
Access to products manufactured from recycled concrete 40

Absence of infrastructure, demand for financial support to invest in infrastructure (39

Lack of confidence for recycled concrete in new concrete 34

Absence of recycling chain for concrete 31

Increased cooperation with the municipality and county administrative board 30




3. Interview study with municipal actors and transport/waste
management companies

3.1 Municipal actors

In this interview study 4 municipalities in VGR, 3 small and 1 medium sized, are asked about the amount
mineral waste from household they manage, if they have plans to recycle and weather they use
procurement as a way of increasing circular material flow in their municipality. It is seen that 3 of them
already sort mineral waste into own fraction; 1 of them is preparing recycling of mineral waste and
intends to start selling it as a product (Annex ll1). The quantities vary between 200-650 t / year and are
mainly used to build municipal landfills (filling materials).

Since the governmental Avfallspaket from mid-2020 the municipalities are responsible for construction
and demolition waste that is not produced in a professional activity, for example waste that arises
when a private person carries out renovations in the home.

Every year, the municipalities procure goods and services for 350 billion kr. As more and more
municipalities demand recycled material, new cycles can arise. Choosing recycled in the first place in
all procurement is the fastest way to make society circular (Lindeberg 2020).

Some of the answers:

“Concrete and other mineral material that comes to us has to be classified as waste. It is better to
catch it before it becomes waste. It is also very important that it is clean from sealants, blue concrete,
paint, iron and foam. It is difficult to ensure that municipal waste is clean. The purpose of Recycling
plants (AVC) for household is not only to collect, but also to find storage for the heavy materials such
as sand, stone, gravel, natural stone, paving stone, demolition concrete so they must have their
fraction. Parts of these will be sold on site through Recycling plant's store. Today, the municipality pays
to get rid of the waste (landfill) and in the future they intend to focus instead on recycling where
perhaps a waste contractor can be interesting as a partner. They also work in the municipality's
organization when it comes to procurement and the requirements that can be set for the use of
recycled material in new buildings or refurbished.”

“Today we have sorting of "filling masses", which means concrete, brick, stone, porcelain. The strategy
of introducing the filler fraction was to move this type of waste from landfill. We have had a goal in
our waste plan that we will reduce landfilling by 20% by 2020 compared to 2014. Of course, it would
have been good to be able to step up the waste ladder to use it again in the manufacture of concrete
than to use it today as masses and just fill up not be able to use it for construction. If this was technically
possible and at a reasonable cost, there is definitely a need for recycling”

“We have focused on our waste streams and annually make a fairly detailed follow-up of our waste
fractions, where, among other things, concrete waste appears. We do it to keep track of the
environmental aspect of material use and waste generation, which is one of our significant
environmental aspects. It is also an accounting requirement according to the standard for sustainability
accounting, Global Reporting Initiative (GRI), which we apply. Our big challenge is that we have a great
need to build new facilities and infrastructure. It follows that our waste will increase rather than
decrease. Therefore, we have begun to investigate opportunities for more reuse, so that our waste
guantities are given new life elsewhere and increase circularity.”



3.2 Transport/waste management companies

Four transport and waste management companies operating in VGR were asked about the amount of
mineral waste they handle, the way it is treated and about future plans. Varying amount of mineral
waste that is handled, about 15,000 t / year. Sorting, separation of reinforcement bars and usually
crushed products are made from them and used for landfill and industrial site construction. There are
plans to convert the crushed material into a new product, but more sales areas are in demand, Annex
.



4. Conclusions

Major conclusions of this prestudy are as follows:

-The possibility of concrete recycling increases as several technical standards increase the requirement
for the use of materials with less climate impact such as recycled concrete ballast

- Results from the interview study show that municipalities, waste management companies should
place more emphasis on sorting concrete into their own fraction, finding new sales areas for the
concrete waste and setting requirements when procuring to use of secondary materials.

-The survey study with the members of Svensk Betong shows that more than 30% of the respondents
have resources in their own operations for sorting, storage and about 20% have resources for recycling
concrete or its by-products. About 50% of the respondents work actively with recycling and have
expert staff or sustainability managers. The most recycled product is fresh residual concrete from
construction for ready-mixed concrete and fresh residual concrete in prefab. The prefabricated
manufacturers are more concentrated around the metropolitan regions, while the ready-mixed
concrete companies are geographically more dispersed, have national coverage and have a larger
share of transport distances in the order of 50-99 km. This is within the framework of the metropolitan
region and the availability of a common infrastructure would benefit both types of companies. The
most important factors for concrete recycling according to the survey results are environmental
requirements / regulations with requirements for recycling and tax relief.

4.1 Suggestions for future development for a circular material flow for concrete

Suggestions for further development of concrete recycling to increase circular flow of the waste are
given with regard to four areas: waste management and material flow, recycling techniques, law,
directives, regulations and logistics, transport and E-market.

Waste management and material flow

-The most important measure to ensure quality in mineral waste is by sorting it in own fraction. Pure
concrete / heavy mineral fraction provides better opportunities for recycling. The Plan and Building
Act prescribes 6 sorting fractions for building materials: steel, timber, insulation, plaster board, plastic
and mineral waste

-Demolition waste should first be risk assessed and after sorting quality assured and divided in sales
area. A proposal for guidance for risk assessment is presented in a project from SBUF (Swedish
Construction Industry Development Fund).

-For residual concrete from own operations, recycling can take place directly up to 5% of the total
amount of aggregate, a conservative requirement. Investigations from the University of Boras show
that more aggregate can be replaced without affecting the properties of the concrete as the waste is
of very good quality.

-Rest-products from ready-mixed concrete production must be assessed for risk in order to be classed
as products. There is currently no guidance on risk assessment. The end of waste requirement is also
unclear.



Recycling techniques
(Sadagopan 2021)

-One way to make recycled attractive in terms of price is to produce/ propose products that can be
produced with recycled as a prefabricated element, e.g. L support. The same applies to by-products
from concrete production; in combination with guidance on risk assessment / clear end of waste
requirements can lead to new products.

-The technical standards should be harmonized with regard to recycled concrete in new concrete. The
standard SS EN 206 for concrete materials is unchanged, while its Swedish application opens up for
more use of materials with less climate impact, e.g. a. concrete aggregate. The most important novelty
is an informative chapter introduced in the Eurocode standard for design of concrete structures with
recycled aggregate. Replacement of fine + coarse aggregate with recycled with more than 40% of the
total aggregate is shown. Thus this is an important task in the future: to be involved and harmonize
the standards that relates to the recycled concrete.

Law, directives, regulations

-Two of the largest customers in Sweden are the Swedish Transport Administration and municipal
actors. By setting requirements for procurement on the proportion of recycled that will be used in the
production of the new building object, the incitement for more material recycled is created. Today,
the demands are made rather on the building object level, that it should be recyclable at the end of its
technical life after 50-100 years.

-Action plan for the conversion of Sweden presents several proposals on how construction and
demolition waste can be recycled (Governmental plan on increasing recycling, introducing circular
economy). Amongst others it is mentioned that the landfill fee increases, that duty quota on recycled
in the companies' products is introduced. A rapid transition will require support in the form of technical
knowledge / guidance for risk assessment / infrastructure for companies to meet their quota.

-The use of concrete waste in new constructions is a technical issue as well as a resource management
issue. At present, the recycling of concrete is a waste issue that is handled / controlled with the
Environmental Code (MB) where e.g. the precautionary principle leaves wide range for interpretation
for risk assessment and end of waste process. The Planning and Building Act (PBL) handles the issue by
focusing the control plan on construction and demolition waste that is reusable and recyclable, and by
at least 70% by weight of construction and demolition waste being recycled annually. In addition, the
technical requirements for aggregate must be met. PBL / MB should therefore be harmonized in
matters of requirements for waste and validation against reality so that the recycling work carried out
with construction and demolition waste is not hindered. Switching to a circular economy means
balancing environmental risks with environmental benefits in the recycling process.

Requirements for the materials must also be balanced. When virgin material (crushed stone) is used,
it is controlled for technical requirements of an aggregate material for concrete. When concrete is to
be crushed and recycled as aggregate, the risk must be assessed for heavy metals, chromium, oil
residues, etc. according to MB in addition to the technical requirements. It is assumed that the
concrete during its technical life is soiled with e.g. heavy metals. Different requirements for virgin
material and recycled brings in asymmetry in the risk assessment process and prevents / complicates
recycling.

Logistics, transport and E-market



-The challenge with logistics is related to the amount of waste and the quality of the waste. Crushing
plants with primary and secondary products succeed in solving this with the help of reversed logistics.
Good examples show that by starting recycling, logistics has been optimized and by combining mining
operations with recycling profitability increased.

-That a sufficient amount is recovered, close enough is most important to minimize the transport
distances. This points to regional or even "municipal" solutions, i.e. to distances of perhaps no more
than 4-5 km, which suit both ready-mixed concrete and prefabricated element manufacturers. The
survey results support well this hypothesis. However, where the secondary material has a higher
technical value (and thus economic gain, e.g. in the recycling of concrete in new concrete), longer
transport distances can still be “sustainable”.

-Digital solutions or E-market for material flows can be the basis for regional solutions. Such as NCC's
app - Loop Rocks - Sweden's largest marketplace for recycling stone material, gravel, sand, soil and
fillers. Similar app can be the basis for the digital solution for recycling concrete in VGR.

-Concrete recycling is a complex technical system and when the recycling chain is not in place,
collaboration is required between many actors: demolition contractors, recycling facilities, aggregate
producers/ quarry owners to produce a product based on recycled thus full-scale potential assessment
is needed.

-The synergy effects of 3 factors are studied here: climate reduced cement (replacement with slag),
recycled aggregates and transport optimizing. More resource efficiency maybe proven both from
material and transport point of view if a demolishing object oriented approach is applied. Thus the
goals are to recycle/reuse as much as possible in the new building instead of awaiting that amount
material of a certain quality accumulates; also the involved companies are partnering on bases of local
representation at the perimeter of the new building.
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Annex Il Survey questions

The survey was prepared in Swedish language and is shown in this annex.

1. Foretagets namn

2. Valj verksamhetstyp, geografiskt lage, ange antal produktionsstallen och fyll i
kontaktperson

Verksamhetstyp Valj Geografiskt lage Antal produktionsstallen
Fabriksbetong S & &
Prefab 3 $ s

Kontaktperson Namn, Mail, mobil

3. Har du i din verksamhet resurser for sortering, lagring, krossning av betong
och atervinning/returhantering? Svara med andel av verksamhetsstéllen som
har tillgang till respektive resurs.

Kryssa for de
resurser din
verksamhet har 0-20% 20-40% 40-60% 6o-80% 8o-100%
Sortering [ ] [] [ ] ] [ ] ]
Lagring U] ] L] ] UJ L]
Krossning av betong [ ] [ ] [] [] [ ] []
Atervinning/returhantering [] [] ] ] ] []

Ovrigt

4.0m du inte har egna resurser for ovanstaende verksambhet:
Samarbetar du med en annan aktor? [ forekommande fall - tex.
kross-/ballasttillverkare, transportsamarbeten, riviningsforetag,
atervinnings-/sorteringsanlaggningar.



5. Hallbarhet, marknadsforing, klimatdeklarationer, kryssa for

Ja Nej Vet gj
Hallbarhetsredovisar a —~
ditt foretag idag? b = Bt
Anvander du
atervinning av ~ ~
betong i din e e
marknadsféring?
Har dina produkter ~ ~ ~
— o ( () ()
Har det utforts
livscykelanalyser, ~ ~
LCA p& dina s
produkter

6. Valj de typ av betongavfall du atervinner som mest och ange &ven andelen
som atervinns / skickas till deponi. I tabellen nedan finns de olika
avfallstyperna, fabriksbetong och prefab fargmarkerade:

Fabriksbetong = blatt markerad text

Prefab = svart markerad text

Har du forslag pa nya anvandningsomrade {or kasserat material, svara gérna i
kommentarsrutan under tabellen.

Kryssa for vilka avfallstyp som du

. ; Andel Atervunnet (%) Andel deponi (%)
Atervinner mest

1. Farsk betong - fran fabrik $ $ $

2. Farsk betong - éverblivet
frén
byggarbetsplats/returbetong
3. Ballast fran farsk
restbetong/urtvittad

4
1
L1

L1
L1
L1

4. Ovriga
restprodukter/urtvattad -
slam

5. Ovriga
restprodukter/urtvittad -
vatten

4
L1
4

L3
L1
L1



6. Ballast fran krossad
restbetong - kasserade

element/produkter i
produktion

7. Ballast fran krossad
restbetong - kasserade
element/produkter fran

arbetsplats
8. Ballast fran farsk

4

restbetong - éverblivet fran =

produktion

g. Ovriga restprodukter -

slam

10. Ovriga restprodukter -

vatten

1

1k

L1

L1

Forslag p4 andra/nya anvindningsomrade for tervunnet material

L]

L1

L]

7. Har ditt foretag/region/produktionsstalle i sin betongproduktion ersatt

ballasten med nagot annat material?

Ersidttning av
naturballast, fingrus
med krossat berg

Ersittning av
naturballast, fingrus
med atervunnen
betong

Ersattning av
naturballast,

grovgrus med
krossat berg

Ersdttning av
naturballast,
grovgrus med
atervunnen betong

Andel av betongproduktionen (%)

O

1

1

L1

Andel av produktionsstallen {antal)

1]

1k

L1

i

Andra ersdttningsalternativ t.ex. krossat berg med &tervunnen betong

Till vilken utstrackning i ett
betongrecept
(1-100%)

-
-

1

L1



Enkit om atervinning av betong

Del 3 Transport och logistik

8. Vilka resurser anvands vid hantering av atervinning av restbetong i ditt
foretag?

[ | Vi har fabriker/ produktionsstillen dir det jobbas aktivt med &tervinning av betong
[ | Vi har experter centralt i organisationen med kunskap om &tervinning

[ ] Vi har hallbarhetsansvarig som samordnar frigan

[ ] Vi har mobil krossanlaggning vid vissa produktionsstillen

[ | Vi har samarbete med krossanldggning for att krossa betongrester

[] Vid leverans av krossprodukter transporteras betongavfall med vindande lastbil

[ ] Annat

9. Hur ofta transporterar du betongavfall fran din verksamhet till deponi?
Svara antingen som totalt for alla anlaggningar eller som snitt per anlaggning i
foretaget.

Markera ditt val av

utrakning for Flerdns

anlagegningar oggr 1ggr/manad 2 ger/manad 3 ger/manad ger/manad
Totalt fér
alla [ ] [ ] [ ] [ ] [ ] ]
anldgeningar
Snitt per
anldgegningar [] [] [] [] [] []
i foretag

Annat



10. Hur stort &r avstandet fran ditt féretag/region/produktionsstille till deponin?
Har du fler produktionsstéllen sa ta de 2 stéllen som har max och min avstand.

Antal Max avstand Min avstdnd
Antal

produktionsstéllen i
regionen/nationell

o
'
“®

11. Hur stort avstand transporteras naturgrus fran underleverantér till din
verksamhet?
Har du fler produktionsstéllen sa ta de 2 stéllen som har max och min avstand.

o-49km 50 - 99 km 100 - 149 km 150- 199 km >199 km

Max avstand @

Min avstand

Ingen naturgrus i produktionen, svara ja i rutan

12. Om svaret pa féregdende fraga ar "Ingen naturgrus i produktionen’, ersitts
naturgruset med annan material som t ex sand och hur stort ar
transportavstandet till din verksamhet? Har du fler produktionsstéllen s ta de 2
stdllena som har max och min avstandet.

Max avstand Min avstand
T
Finmaterial
av krossberg

N
@

2. Havssand 3 —

L]
L]

3
Baskarpsand

Annat grus, ange max och min avstand



13. Hur stort avstand transporteras krossat berg till din verksamhet? Har du fler
produktionsstéllen sa ta de 2 stallena som har max och min avstandet.

Max avstind Min avstand

Transportavstandet
fér krossat berg

1
]

14. Om ditt foretag hade bestamt sig att atervinna restbetongavfall, hur hade ni
ordnat krossningen av betongen?

() Skickat till nirmaste krossanlédggning
() Bestallt mobil kross till krossningen pé plats
(") Egen verksamhet

() Annat

15. Om svaret pa foregaende fraga ar "Skickat till narmaste krossanlaggning",
hur stort ar avstandet till den krossanldggning som du hade anlitat? Har du fler
produktionsstéllen sa ta de 2 stéllena som har max och min avstandet.

Max avstand Min avstand

Avstandet till
krossanldgegningen

L3
L1

Del 4 Framtidens betongatervinning

16. Hur tror du att betongatervinning kommer att 6ka pa ditt foretag?
Svara pa en skala mellan 1-5, dar 1 star for liten 6kning och 5 for stor 6kning.

zg\tervinning

Avfall O @)

17. Vilka faktorer kommer mest inverka pa utvecklingen av betongatervinnning i
din verksamhet?

Svara pa en skala mellan 1-5, dar 1 star for mindre inverkan och 5 fér storre
inverkan

Sambhallets miljokrav,
certifiering, tillimpning av
regelverk, krav pa &tervinning

Oka marknadsandelar genom
Klimatforbattrad
betong/betongelement



Ekonomiska incitament:
skattelattnad, producentansvar,
1&gt pris kopplat med god
kvalité

Okat samarbete med féretag
som jobbar med &tervinning av
betong

Okat samarbete med
institutioner som bedriver
forskning, utveckling och
praktisk tillimpning av
resultaten i betongatervinning

Okat samarbete med kommun
och lansstyrelse

Avsaknad av Atervinningskedja
for betong

Avsaknad av infrastruktur och
finansiellt stod for
infrastruktursatningar

Tillgang till produkter

framstéllda av Atervunnen — : — —~ —~
betong for kontinuerligt o e z S .
produktion

Avsaknad av fértroende for
atervunnen betong i ny betong

Utveckling av
atervinningstekniker/ersittning
av naturgrus med &tervunnen
betong/ersittning av
krossballast med atervunnen
betong

Annat

18. Vilka miljémaéssiga fordelar ser du med att anvanda atervunnen restbetong
istallet for jungfrulig ravara vid nybyggnation/ombyggnation

[ | Mindre antal transporter
[ | Mindre férbrukning av naturgrus, berg
[ | Kasserat/restmaterial omvandlas till nya produkter eller andra anvindningsomrade

|:| Annat



19. Vilka ekonomiska férdelar ser du med att anvianda atervunnen restbetong
istallet for jungfrulig ravara vid nybyggnation/ombyggnation

| | Vinna marknadsandelar
[ | Minskade kostnader p4 lingre sikt
[ | Okade intikter relaterad till klimatférbittrade produkter

|:| Annat

20. Vilka sociala férdelar ser du med att anvanda &tervunnen restbetong istéllet
for jungfrulig ravara vid nybyggnation/ombyggnation

[ ] Skapa arbetstillfallen lokalt
[ ] Oka kompetensen inom &tervinning
[ | Okad social hallbarhet i samhallet genom minskad deponi ( Not in my backyard)

[ ] Annat



Annex lll Interview questions

Municipality actors

1. How much concrete / mineral waste (concrete, brick, rock) is there in the household waste? Are
there any statistics in the municipalities?

2. Is there any recycling ongoing for this waste? Is there a need to make plans for recycling?

3. In the supervision of operational waste: how much concrete / mineral waste is involved? Are there
any statistics through the supervision?

4. What are the trends in companies, is there an interest in recycling, reuse of concrete materials? Can
the municipality support / nudge the companies to recycle more?

5. Within your procurement — do you work with claims to use recycled materials?

Transport/waste management companies
1. How much concrete / mineral waste (concrete, brick, rock) do you handle in your business?

2. What treatment does the concrete waste undergo in your business (reuse / recycling / landfill /
other)? Is it recycled to a new product?

3. Are there any recycling, recycling plans for this waste? Do you see a need to make plans for recycling
due to inquiries from customers?



