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ABSTRACT

Fine fraction waste is a remarkable secondary material without a rational utilization objective, demonstrating a

real research gap for its study. The fine fraction can constitute up to several dozen percent of the total waste volume,

representing a significant amount of material, but the nature of material can be partly complex and heterogeneous, restricting

its utilization. Therefore, this study investigated the availability of fine fraction waste and its physical features, such as

particle size, shape, and elemental composition. The fine fraction constituted 20–40% of construction and demolition waste

and 25% of mechanical treatment of the waste, with particle sizes ranging from 0–15 mm. The novelty results from the

study showed that the choice of treatment method could modify the particle size distribution and aspect ratio, and that no

significant concentrations of harmful substances were found. Various scenarios of fine fraction availability were created,

indicating its potential as a raw material in low-population areas. Because rational solutions for the fine fraction are lacking,

novel innovations are needed for societies to take steps to approach the targets for a circular economy. This study shows

that new approaches have the potential to enable the use of fine fraction waste as a partial replacement for other materials,

for example, the use of fine fraction as a substitute for cementitious materials that can decrease emissions remarkably.
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1. Introduction

1.1. Construction and Demolition Waste (CDW)
Recycling

Rational utilization of raw materials is an important

topic in the modern economy, and sustainable waste man-

agement plays a key role in its effectiveness. A remarkable

category in the waste management sector is construction and

demolition waste (CDW), which accounts for 30‒40% of

total solid waste globally [1]. The CDW percentage of total

waste volume varies significantly among various regions.

For example, in the European Union, 36% of the total waste

from all economic activities and households is generated by

the construction sector [2], but the corresponding rate is close

to 67% in the United States [3]. For reutilization purposes, the

recovery of CDW is important, and in the EU, recovery rates

have been in great turmoil during the past decade [2, 4]. Devel-

oped economies have a significant effect on CDWgeneration

because the three largest economies (China, the United States

(US), and the EU) are the top three CDWgenerators [5]. How-

ever, the above-presented CDW data represents information

from developed areas without information from developing

countries, where CDW management practices might be inef-

fective; thus, there is an emerging need for wider information

on CDW management. Worldwide urbanization is a good

indicator of the growing CDW percentage [4].

The socio-economic advantages of CDW utilization

have been recognized as remarkable. For example, the

study of Dahlbo et al. [6] demonstrated that the recycling of

CDW produced environmental benefits and economic prof-

its. Simion et al. [7] proved that the CDW recycling process

has a low environmental impact, including several advan-

tages such as reduced consumption of non-renewable raw

materials, a reduction in the number and size of landfills,

and the creation of materials that can replace natural raw

materials. According to Vossber et al. [8], onsite CDW recy-

cling can avoid up to 90% of the energy and greenhouse gas

(GHG) emissions from landfilling, demonstrating the huge

advantages of CDW recycling.

It has been demonstrated that solutions for CDWsignifi-

cantly contribute to material recycling and rational utilization

in a circular economy, but they cannot solve all challenges.

Another key sector in the circular economy is sustainable

concrete production, in which increasing pressure to reduce

environmental emissions has created a need to search for

new solutions. The issue with concrete production is the

high CO2 emissions caused by the manufacturing of the

main cement constituent. According to various estimations,

the cement industry is responsible for 5‒7% of global CO2

emissions [9]. A solution to reduce its environmental impact

could be to search for alternatives and substitutes for cement

constituents, such as filler from secondary material streams.

Traditional supplementary materials used in concrete pro-

duction, such as fly ash and slag, may be restricted in the

future because these raw material sources are increasing less

rapidly or not at all owing to, environmental pressures. For

example, the practice of burning waste for energy recovery is

being questioned. Even if the availability of raw materials is

not a problem, the treatment method might have a large cost

impact, such as calcination in the case of clay [10]. Ash may

also contain significant concentrations of potentially leach-

able heavy metals [11]. Therefore, it is rational to investigate

the reutilization of the fine particles from CDW as a supple-

mentary cementitious material, which was demonstrated in

a study by Frias et al. [12]. Caetano et al. [13] also reported the

good mechanical and physical properties of concrete blocks

fabricated by utilizing fine fraction scrap from end-of-life

vehicles (ELV). In addition to the environmental and eco-

nomic advantages of material recycling, various legislative

and taxation issues influence the reutilization of CDW, such

as the waste management hierarchy, recycling goals, and

various administrative action plans for a circular economy.

1.2. Fine Fraction as a Resource

As described in the introduction, it is very important to

search for new substitute material solutions from secondary

material streams because of potential availability challenges

in the future. One certain potential future raw material is the

fine fraction from waste management processes; for exam-

ple, the fine fraction from the treatment of CDW has been

estimated to represent 20‒50% of the total stream [14]. The

heterogeneous nature of fine fraction material has been a

restrictive factor for the lack of research. Combining the

great share of fine fraction in CDW and the remarkable role

of CDW in waste management overall, it can be seen as the

real gap in the research of CDW fine fraction. To date, the

CDW fine fraction has been used as an alternative barrier in

landfills [15], similar to the general fine fraction, and various
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potential innovations have been studied, such as its employ-

ment in green roof applications [16]. The general fine fraction,

which consists of soil that originates from degraded organic

matter and other small fractions, such as plastic, glass, and

metals, is known to represent a major part of landfill compo-

sition [17]. In the fine fraction of CDW, the organic content

may be minor; however, the assortment of other particles

may be wider. The availability of fine fraction materials from

sources other than CDWmay expand in the future because

of their great abundance. The mass percentage of the fine

fraction was found to be 38% of the total waste in the case

of landfills, but even higher (40‒70%) rates have been ob-

served [18]. Mönkäre et al. [19] found shares of 45% and 58%

for the fine fraction below 20 mm in the case of landfills in

Finland, which is consistent with the global estimation made

by Singh and Chandel [20], who stated that approximately

50% of dumped waste can be characterized as fine fraction.

1.3. The Purpose of Study

The purpose of the present study is to evaluate potential

applications for the fine fraction from secondary material

streams and to study the efficiency of its recovery and recy-

cling. This was achieved by assessing material streams in

the selected areas and analyzing their material features using

various characterization methods. The study focuses on ma-

terial characterization, like particle size and shape, elemental

composition, and regional availability scenarios, that were

not often studied in the previous studies of material science.

2. Materials and Methods

2.1. Material

The study began with a statistical analysis, in which

potential raw material streams for fine rejects from theYLVA

system for the selected materials were studied. The YLVA

(Finnish: Ympäristönsuojelun valvonnan sähköinen asiointi-

järjestelmä) system is subject to an environmental permit or

notification obligation under the Environmental Protection

Act (527/2014) reporting service that provides for monitoring

the activities of the party subject to the permit or notifica-

tion obligation, which is supervised by authority of the ELY

Centre (The Centres for Economic Development, Transport

and the Environment). The YLVA system tracks the waste

amounts in a database according to the List of Waste (LoW)

and the European Waste Catalog (EWC). The review pe-

riod for the generated raw materials was 2019‒2021, and

the study was focused on the Kymenlaakso province and

nearby areas in southeast Finland, consisting of about 175

000 permanent inhabitants in nine municipalities (Hamina,

Iitti, Kotka, Kouvola, Lapinjärvi, Miehikkälä, Mäntyharju,

Pyhtää, and Virolahti). According to the population, Ky-

menlaakso province is one the smallest province in Finland,

and therefore actions in the provinces will be effectively

scalable because its population density is one the highest.

The province has also experienced a loss of migration, so

novel innovations in material science are needed for the re-

gion. Annual waste amounts were averaged over three years

based on the annual amount of waste generated during these

three years. A three-year review period will give reliable

information as an average because it includes both pre and

post-pandemic impacts.

2.2. Material Characterization

After statistical investigation of the availability of the

material, physical characterization of the raw materials was

performed based on the particle size and shape, and by visual

inspection. The raw materials were fine fraction samples

obtained randomly from the mechanical separation process

of Ekokaari Oy (Kouvola, Finland) after separation of the

flip-flop screen. The main particle size of the obtained mate-

rial was less than 15 mm in diameter, based on the screen’s

process capacity. The sample size was approximately 100 kg,

and it was collected in outdoor conditions during November

2021. After collection, the sample was stored in an unheated

and covered storage unit at a temperature below zero (0 °C)

before the analysis.

2.2.1. Particle Size Analysis

The particle size and shape distributions of the fine

rejects were studied by sieving and shape analyses. Particle

size analysis was performed using a HAVER EML 450 sieve

shaker (HAVER & BOECKER OHG, Oelde, Germany), in

which six vibrating sieves were used to divide the material

into seven fractions to determine its particle size distribution.

The sieves consist of stainless-steel frames with a medium

of woven wire cloth or robust plates with square meshes and

sieves with the following opening sizes were used: 200 μm,
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500 μm, 800 μm, 1250 μm, 2500 μm, and 5000 μm (from

bottom to top), based on a preliminary sieving test using

the studied material. A bowl was placed under the smallest

screen to collect the particles that passed through it. The

sieving was made once where the amplitude was adjusted to

the 1.5 mm range at five intervals, and the time was set to

14 min for each material sample in this study. Owing to the

three-dimensional sieving motion of the shaker, the material

was shaken through the mesh in the vertical direction and

distributed over the sieve surface in a circular motion. Af-

ter screening, each screen was weighed along with the fine

fraction inside it.

The effects of size reduction and organic content were

also investigated. The influence of size reduction was inves-

tigated by crushing the fine fraction using an SK 300 hammer

mill (Retsch GmbH, Haan, Germany) at 3000 rpm. The ham-

mer mill was equipped with a screening system, in which

a screen with a mesh size of 4 mm was used. The organic

content of the material was analyzed by burning 9.9 kg of the

material batch with liquefied petroleum gas (LPG) to remove

the organic material from the sample. The burning treatment

was conducted in six batches on a thin layer of material for

10 min in the same spot within a distance of approximately

10 cm, after which the remaining material was weighed be-

fore particle size analyses. The amounts of material in the

original, crushed, and burned samples were 4.0, 3.6, and 5.4

kg, respectively. The materials were screened in batches of

two or three rounds.

2.2.2. Particle Shape

The particle shapes of five screened material frac-

tions (<200 μm, 200‒500 μm, 500‒800 μm, 800‒1250 μm,

1250‒2500 μm) were measured with an L&W Fiber Tester

(ABB, Stockholm, Sweden) device, using a dilution of ap-

proximately 0.1 g of the studied material in >100 ml of water

for a 200 s analysis time. The particle width, length, number

of particles, shape factors, and coarseness were determined

and recorded as averages. The maximum particle length was

7.5 mm, and objects with a length of <0.2 mm were defined

as fine particles. Objects with a length of >0.2 mm and a

length-to-width ratio greater than 4 were defined as fiber-

shaped. Three samples of each material type and particle

size were tested.

2.3. Elemental Analysis

Elemental analyses of the studied materials were per-

formed using a handheld X-ray fluorescence (XRF) analyzer

(Hitachi, X-MET8000 Expert, Tokyo, Japan), which nonde-

structively quantifies the elements in a material. The instru-

ment configuration includes three various pre-programmed

settings for different materials, such as light‒element alloys,

plastic, and wood, which were used for the studied materi-

als. Utilizing various material settings allows wide positive

material identification. The results are presented as average

values. The XRF analysis was performed for the screened

fine fraction with a particle size from 500 μm to 800 μm,

and also for concrete-like test samples made from the same

material, containing a mix of the fine fraction (particle size

500‒800 μm), cement and water, according to the K20 recipe,

in which the ratios of cement, fine fraction and water were

1:5:1.3‒3.0, correspondingly. The screened fine fraction

was analyzed in a sample cup with a diameter of 30.5 mm

and height of 19.6 mm, which had been filled approximately

three‒quarters-full by compression with a circular tool (diam-

eter 28.2 mm) with a weight of 52.1 g at the upper side of the

sample cup without extra force. The base of the sample cup

was open, and it was covered by a film with a thickness of 4

microns (Poly 4 (L73) Hitachi). The studied materials were

the original, size-reduced, and organic-free fine fractions

described above. Three samples were prepared from each

material category, and each sample was analyzed by three

replicates, creating nine results from each pre-programmed

configuration. The duration of each XRF measurement was

60 s.

3. Results

3.1. Available Fine Reject Materials

According to a literature review, potential raw material

sources for fine rejects are the mechanical treatment of waste,

construction and demolition waste, waste from dismantling

end-of-life vehicles (ELV), waste from power stations and

other combustion plants, and waste from incineration or

pyrolysis of wastes. The total amounts of the mentioned

wastes in the Kymenlaakso area are presented in Table 1. In

addition, asphalt has been found to be a source of fine rejects,
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because approximately 23% of recycled asphalt was classi-

fied as small-sized rejects that must be removed from the

crushed asphalt owing to quality issues [21].

Table 1. Average annual amounts (kt) of the reviewed materials

during the three-year period based on their LoW codes in parenthe-

ses.

Waste Type (LoW Code) Amount (kt)

Waste from power stations and other combustion

plants (10 01)
80.6

Waste from dismantling of end-of-life vehicles (ELV)

(16 01)
4.9

Construction and demolition waste (17) 307.4

Waste from incineration or pyrolysis of waste (19 01) 75.5

Waste from the mechanical treatment of waste (19 12) 153.3

Asphalt 2.8

Asphalt generation was minor, and according to the

YLVA system, asphalt is included in the CDW (17) cata-

log; therefore, its generation and analysis as a separate raw

material source were dismissed.

Cossu and Lai [22] reported that approximately 20‒25%

of ELV processing includes automotive shredder residue

(ASR), which is a heterogeneous and complex matrix that

is largely landfilled. The reviewed statistics show that the

amount of waste generated by dismantling vehicles varied

from 3717 to 6485 tons per year in the selected areas, includ-

ing a large share of hazardous waste. Owing to the small

volume of the material streams in the studied areas, waste

from ELV dismantling was not considered in depth as a po-

tential raw material source for fine rejects. However, ASR

could be a potential material source for a wider survey. The

number of ELVs in the review area (Kymenlaakso) was mi-

nor, for example, 2599 pc in 2020 [23], which corresponds to

approximately 3% of the total amount in Finland in the same

year [24]. In the case of ELV, various campaigns to promote

vehicle recycling have been active in recent years, which

may increasingly influence the amount of ELV. Globally, the

significance ofASR should not be underestimated; according

to one estimate, more than 25 million vehicles worldwide

become ELVs every year [13].

3.2. Features of Particles

Different material analyses were employed to exam-

ine the features of the fine rejects, including visual analysis,

particle size and shape measurements, and elemental compo-

sition analysis. Two 100 g sample batches were analyzed by

visual inspection. The batches were selected randomly by

mixing the material before sample collection to ensure a reli-

able distribution of different fractions. The batch was spread

on an empty table, and before the actual visual classification,

ferrous metal was removed from the batches using a magnet.

After classification, a total of 18 material groups were identi-

fied in the studied material, including ferrous metal and fine

material with a small particle size material that could not be

properly identified, which was composed of the remaining

material after the classification of the larger particles. Based

on this identification process, the description of the material

groups included the following particles: Asphalt, Brick, Ce-

ramic, Concrete, Electric wire, Ferrous metal, Fine material,

Glass, Gypsum, Plastic (hard and soft), Rubber, Styrofoam,

Stone, Textile, Unidentified, Wood, Wool.

Figure 1 illustrates the particle size distribution of the

studied materials; the results are presented as bar charts with

fifth-order polynomial trend lines and indicate clear differ-

ences between the materials. The results showed that the

dominant particle size of the original material was over 5

mm, while size reduction decreased the dominant particle

size to 500‒800 μm. A higher particle size distribution in the

original material indicates a higher porous material content.

The organic-free material contains fine particles (<200 μm)

as well as coarse particles (>5 mm), but it has a more equal

distribution among various particle sizes compared to the

original and size-reduced samples, in which one particle size

class was predominant. The predominantly small particle

size will lead to a higher specific surface area, which will

influence the raw material features and the later use of the

materials. Jani et al. [18] showed that 80% of the excavated

waste in landfills was smaller than 2 mm, which appears

to be consistent with the size-reduced fine fraction in our

study and other categories representing a larger particle size

distribution.

Figure 1. Particle size distribution for various fine rejects.

Particle shape analyses, including the average values of
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the length-to-width ratio and number of fibers in the material

sample, are shown in Figure 2, which includes bar charts

with fifth-order polynomial trend lines. The trend lines for

the results of the length/width (L/W) ratio are presented as

solid lines, and the trend lines for the results of the fiber num-

bers are presented as dotted lines. The results are presented

numerically, with the number of fiber values presented by

italics to distinguish them from the L/W ratio values. The

results showed that organic-free treatment had a significant

effect on the properties by increasing the L/W ratio and num-

ber of fibers, especially in the case of small particles, for

which the proportion (1739 fibers) was significantly high.

The highest L/W ratio was detected in the 0.5‒0.8 mm parti-

cle size class, for which the L/W ratio was 67.8. The smallest

L/W ratio (25.4) in the organic-free sample was observed

for the smallest particles; this ratio was higher than almost

all the L/W ratio results for the original and size-reduced

samples, with only the largest particle size class (1.25‒2.5

mm) having a higher L/W ratio. It has been demonstrated

that generally, increased length correlates positively with

strength properties, although the weight ratio also affects

these properties [25]. In addition, excessive length results in

decreased strength [26].

The total number of fibers was similar in the original

and organic-free fractions, but size reduction decreased the

number of fibers. There were no remarkable differences in

the particle shape between the original and size-reduced fine

fraction samples. Both samples had increased L/W ratios

with increasing particle size categories, but this tendency

was slightly stronger for the original fine fraction sample.

Figure 2. L/W ratios and number of fibers in the various fine rejects.

3.3. Elemental Composition of Fine Rejects

The unequivocal elemental composition results are pre-

sented based on the plastic material preprogrammed settings

in Table 2, which represents the best average values among

those measured. The plastic preprogrammed settings were

the most appropriate settings for the studied material com-

pared to the wood material and the light element alloys set-

tings. The results obtained using the preprogrammed wood

material setting were quite like the plastic results, but with

a narrower range of detected elements. The results for the

light element alloys demonstrate that higher values of the

entire composition do not seem to be rational.

Table 2. Elemental composition of the samples ob-

tained using XRF analysis; values are expressed in wt%. The

studied materials were the original fine fraction (OFF), size-

reduced fine fraction (SFF), and organic-free fine fraction

(FFF), as well as the manufactured concrete-like materials

of those materials, denoted as by C-OFF, C-SFF, and C-FFF,

correspondingly. The content’s illustration was highlighted

by shading colors as follows: ≥5% = plum, <5%–≥1% =

orange, <1%– ≥0.10% = blue, <0.10% = green.

The highest elemental contents were measured for cal-

cium (Ca) and iron (Fe), whose composition varied from

2.81 to 6.55 and from 2.34 to 7.78 wt%, respectively, in the

fine fraction samples. The proportional shares of both ele-

ments were maintained in the organic-free treatment, while

their absolute shares were approximately doubled compared

with those in the original and size-reduced materials. The

presence of calcium (Ca) might indicate CDW-based raw

material source, such as cementitious material. The pres-

ence of ferrous (Fe) support CDW source, because it might

originate the rebar of reinforced concrete, or from other con-

struction clips. In concrete-like materials, the amount of

calcium increased due to the cement binder. Zinc (Zn) was

the element with the third-highest detected content in the

sample but was clearly a minor component compared to Ca

and Fe, with its content varying from 0.30 to 0.60 wt%. Zn
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may originate from additives, along with titanium (Ti) and

barium (Ba), which are the most abundant additive elements

in the product. Overall, the observed elemental composition

was quite minor, and no critical observations were made.

Comparing these elemental composition results with those

of Kaartinen et al. [27], who analyzed the concentrations ele-

ments from the fine fraction of municipal solid waste (MSW),

we can see that many of elements have similar or slightly

lower concentrations in our study. Some elements, such as

Fe, Ba, and Zn, have higher concentrations in the present

study; however, these elements might be typical additives in

construction materials. The high concentrations of these ele-

ments can be beneficial, because they may increase interest

in fine fractions for element recovery in the future.

Table 2. Elemental composition of the samples obtained using XRF analysis; values are expressed in wt%. The studied materials were

the original fine fraction (OFF), size-reduced fine fraction (SFF), and organic-free fine fraction (FFF), as well as the manufactured

concrete-like materials of those materials, denoted as by C-OFF, C-SFF, and C-FFF, correspondingly. The content’s illustration was

highlighted by shading colors as follows: ≥5% = plum, <5%–≥1% = orange, <1%– ≥0.10% = blue, <0.10% = green.

4. Discussion

CDW is a key source of fine rejects; for example, Nas-

rullah et al. [28] stated that 28% of CDW can be classified as

a fine fraction. This statement is consistent with the report of

Laine-Ylijoki et al. [29], who stated that 20‒40% of CDW is

ground into fine particles during material processing, gener-

ating 130,000–270,000 tons of CDW fine rejects per year in

Finland. The share of CDW in the studied area was remark-

able, varying between 270,379 and 349,727 tons per year,

without hazardous waste materials. In the assessment of

potential fine rejects, we considered the waste category “17

09 04 mixed construction, and demolition wastes other than

those mentioned in 17 09 01, 17 09 02 and 17 09 03.” The

total amount over the three-year period varied from 31,900

to 36, 400 tons, indicating the generation of 9679 tons of

fine rejects as the average yearly amount.

The mechanical treatment of waste can provide a

potential raw material source for fine rejects. Based on

previous observations, one-quarter of these materials are

fine reject materials. Based on the YLVA database, the

amount of waste generated from the mechanical treatment

of waste (EWC 19 12) without hazardous content varied

from 132,790 to 176,173 tons yearly in the reviewed area.

This category includes various types of waste materials, but

the most feasible source of fine rejects is the waste category

“Other wastes (including mixtures of materials) from me-

chanical treatment of wastes other than those mentioned in

19 12 11” (EWC 19 12 12). The average annual production

for this category is 4046 t, as calculated by taking a quarter

of the total amount. However, significant variations (from

774 to 6485 tons) were observed during the review period

of 2019‒2021.

According to the raw material review, the most abun-

dant potential raw material sources for fine rejects are con-

struction and demolition waste and waste from the mechan-

ical treatment of waste. A minor uncertainty factor for the

evaluation of the amount of material generated is the wide

variation in the percentages of waste classified as fine frac-

tion for a given waste category, such as the fine reject share

of CDW, which varies from 20 to 40% of the total amount

according to Laine-Ylijoki et al. [29]. Therefore, we created
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Element OFF SFF FFF C-OFF C-SFF C-FFF
Cl 0.15 ± 0.03 0.17 ± 0.04 0.53 ± 0.07 - - -
Ca 2.96 ± 0.12 2.81 ± 0.13 6.55 ± 0.41 15.11 ± 0.67 13.23 ± 0.87 15.84 ± 1.28
Ti 0.11 ± 0.01 0.11 ± 0.01 0.66 ± 0.09 0.14 ± 0.02 0.15 ± 0.01 0.17 ± 0.05
Cr 0.03 ± 0.01 0.01 ± 0.00 0.03 ± 0.03 0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.01
Mn 0.04 ± 0.00 0.03 ± 0.00 0.06 ± 0.01 0.05 ± 0.01 0.04 ± 0.01 0.03 ± 0.00
Fe 3.57 ± 0.14 2.34 ± 0.14 7.78 ± 1.10 3.99 ± 0.34 3.12 ± 0.23 3.02 ± 0.17
Ni 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.01 0.00 ± 0.00
Cu 0.09 ± 0.00 0.19 ± 0.13 0.20 ± 0.04 0.08 ± 0.01 0.12 ± 0.06 0.27 ± 0.24
Zn 0.37 ± 0.02 0.30 ± 0.09 0.60 ± 0.08 0.35 ± 0.04 0.35 ± 0.17 0.32 ± 0.09
Br 0.00 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.00 ± 0.00 0.01 ± 0.00 0.00 ± 0.00
Sr 0.03 ± 0.00 0.03 ± 0.00 0.07 ± 0.01 0.04 ± 0.00 0.04 ± 0.00 0.04 ± 0.01
Zr 0.02 ± 0.00 0.02 ± 0.00 0.04 ± 0.02 0.02 ± 0.00 0.03 ± 0.00 0.03 ± 0.03
Sn 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00
Sb 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00 0.01 ± 0.00
Ba 0.12 ± 0.01 0.12 ± 0.01 0.25 ± 0.03 0.13 ± 0.02 0.12 ± 0.00 0.16 ± 0.02
Pb 0.04 ± 0.00 0.03 ± 0.01 0.12 ± 0.09 0.05 ± 0.01 0.03 ± 0.00 0.03 ± 0.01
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three scenarios (standard, weak, and superior) for fine re-

ject availability in Kymenlaakso, for which we used the two

extreme rates (20% and 40%) in addition to the so-called

standard rate of 28%, based on the report of Nasrullah et

al. [28]. The lowest fine fraction share value in the literature

was reported by López-Uceda et al. [16], who found that the

fine fraction comprises 13.5% of the recycled aggregates

produced from CDW. However, the presented evaluation of

the fine reject share is also consistent with the report of Jani

et al. [18], in which the fine fraction represented 38% of the

total excavated waste in landfills in Sweden. In addition,

our scenarios also include the extreme rates for waste from

mechanical treatment. The scenarios are presented in Table

3, which shows that in a standard year, over 13,000 tons of us-

able fine rejects were generated in the reviewed areas, with a

variation of approximately 6500 tons in either direction. Like

it was mentioned, the studied region (Kymenlaakso province)

includes about 175,000 permanent inhabitants, which repre-

sents about below 3% of Finland population. Therefore, the

national effect of fine reject source could be approximately

35-fold in Finland, and multiply if we would extend to the

study area more globally.

Table 3. Scenarios of fine reject availability in Kymenlaakso in tons per year, as an average, with LoW codes in parentheses.

Scenario CDW Mechanical Treatment Waste (19 12) Total

1. Standard (28% of EWC 17 + average of EWC 19 12) 9 679 4 046 13 725

2. Weak (20% of EWC 17 + the weakest year of EWC 19 12) 6 375 774 7 149

3. Superior (40% of EWC 17 + the best year of EWC 19 12) 14 145 6 485 20 630

In addition to the aforementioned fine reject sources,

waste from various combustion and incineration sources are

also a potential raw material for fine rejects with similar fea-

tures. These materials are classified in the YLVAdatabase as

“Wastes from power stations and other combustion plants”

(EWC 10 01) and “Wastes from incineration or pyrolysis of

waste” (EWC 19 01), and the amounts of these wastes pro-

ducedwithout hazardous substances in the Kymenlaakso area

varied yearly from 92,097 to 154,082 tons. Traditionally, ash

has been utilized in different applications and has also been

dumped in landfill sites; which is neither a sustainable nor an

economically feasible solution [30]. The total average annual

amount of material generated is high, as shown in Table 1,

but the boiler and fly ash waste from the incineration or py-

rolysis of waste includes a remarkable number of hazardous

materials. However, there is scope for combustion-produced

ash (bottom and fly ash) to be utilized more effectively, al-

though the utilization ratio of ash varies globally from 50%

to 90%, the practical utilization rate is only 30% [31]. Fly

ash is traditionally used in concrete production, road base

construction, soil amendment, zeolite synthesis, and as a

filler in polymers. However, these applications are insuffi-

cient for complete utilization [31] and the quality of fly ash

as a cementitious material varies [10]. The total amount of

ash generated in Finland is significant, at almost 1.5 mil-

lion tons per year [32]; thus, its potential as a raw material

is remarkable. In addition, global power generation is esti-

mated to increase as the demand for cheap power increases

in developing countries [33].

The fine fraction has a high absorption capacity, which

may result in the loss of features in concrete production. On

the other hand, if fine fraction includes elongated particle

shapes (L/W ratio) with a high number of particles, as in the

original fine fraction source, it can improve strength features

in concrete. Thus, there is a need for future studies on the

mechanical properties of fine fraction and its effect on con-

crete manufacturing. For example, various hybrid product

applications could provide solutions for the fine fraction use.

The biggest restriction for the reutilization of fine fractions

might be economic issues, because virgin materials have high

availability and low cost, decreases interest from developing

businesses. Therefore, the scale of the solution must be large

in order to achieve tangible effects. The cost of fine fraction

will not restrain its use as a raw material, but the economic

challenges might be created by treatment steps that might

cause limitations for economic feasibility and restrain indus-

trial adoption. Importantly, all treatments for fine fractions

have economic effects, such as current options, in which the

fine fraction from landfills must be treated by anaerobic or

aerobic treatment to reduce its organic content at a cost of

20‒65 euros per ton [17]. In comparison, the utilization of

fine fraction as a material additive can be an economical

alternative. In the case of landfill mining, Jones et al. [34]

stated that economic benefits must outweigh costs in order to
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increase the interest of individual companies. This statement

from a decade ago remains valid for the CDW fine fraction

today.

Population (below 200000 in the Kymenlaakso area)

could be a good correlate for the estimated value of fine frac-

tion produced. However, population is not a clear indicator

of the fine fraction amount, because markets can consider

materials from other areas. In addition, various seasonal vari-

ations, such as production constraints and regular holiday

periods, may affect the amount of waste produced. One clear

advantage of fine fraction use is its readiness as a material,

which makes it more economical. Assaad and Mardani [35]

stated that the use of recycled fine aggregates as a porous

material required 22‒30% less energy need for process in

cement production compared to the traditional production

process. Using the fine fraction from the mechanical sep-

aration process, the energy savings could be even higher,

thereby indicating the need for future research on this topic.

The fine fraction, as a raw material, contributes to low den-

sity and thermal conductivity, providing advantages in terms

of transportation and energy savings [20].

5. Conclusions

Circular economic activities such as resource-efficient

material recycling have become popular in recent times. The

focus has often been on large material particles, even though

the fine fraction accounts for a high percentage of the total

secondary material stream. This study focused particularly

on the utilization of the CDW fine fraction, for which recy-

cling alternatives are lacking; therefore, its availability and

characterization must be studied. The availability of the fine

fraction of CDW in the Kymenlaakso area was assessed, and

its material features were experimentally analyzed.

Various substitute secondary raw sources include po-

tential materials for production; however, their scattered dis-

tribution may present a challenge, making their economic vi-

ability questionable. Therefore, the assembled available fine

fraction could be profitable material in the future, because its

reutilization appears to be very rational. Reutilization of the

fine fraction will presumably generate environmental and

economic benefits in addition to increasing the recycling rate.

This study has demonstrated that a certain availability level

of the CDW fine fraction is guaranteed in the selected area,

and it could be expanded using other material streams. A cer-

tain degree of heterogeneity was observed in the investigated

materials, but the results show that sorting and treatment

mechanisms for the materials are rational for reutilization

purposes, allowing their use as potential raw materials in

the future and avoiding a downcycling effect. For example,

0.5‒0.8 mm particle size class can be easily achieved by size

reduction treatment when over 5 mm is the dominant parti-

cle size in original fine fraction material. Potential future

directions for CDW fine fractions include:

• assessment of their mechanical features in hybrid materi-

als and product prototypes and

• holistic sustainability assessments of its processes during

life cycle.

For example, using fine fraction as a substitute in cast

products may decrease the need for a binder agent, contribut-

ing to a reduction in emissions.
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