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Abstract: Food waste management is one of the key challenges of the circular economy and climate
transition policies. The proper collection of food waste is the starting point for its further value
recovery. Most of the quantitative and qualitative data used to measure the scale of food waste in
households and its collection are based on statistical data, diaries, and questionnaires. There is a visi-
ble gap in research in terms of the use of direct research methods. This paper presents the results of a
quantitative research study on household food waste accumulation and collection in Warsaw from two
sources: single-family and multi-family households. The results of the study indicate that in Warsaw
households, one can expect generation at the level of 33.4 kg~capita_1 -year‘1 of avoidable food waste
and 38.2 kg-capita~!-year~! of unavoidable food waste. The average food waste collection rate from
households in Warsaw was determined to be at a level of 19.6 kg-capita—!-year~!. In multi-family
buildings, which are dominant in Warsaw, this rate is half as pronounced (17.3 kg~capi’ca_1 ~year_1)
compared to single-family buildings (36.2 kg-capita~!-year—!). The average food waste collection
efficiency rate from Warsaw households was at a level of 32%. Avoidable food waste accounted
for 47% of all food waste generated. The study indicates a growing need to develop policy tools to
support the separate collection and prevention of food waste.

Keywords: food waste; unavoidable food waste; bio-waste; waste collection rate; food waste

utilization

1. Introduction

Sustainable food waste management is considered one of the key social and environ-
mental challenges, especially in the context of the circular economy and the transition to
climate neutrality [1,2].

Food waste generated in households constitutes a significant share of the total amount
of municipal solid waste [3-5]. Data for the European Union indicate that approximately
88 million tons of food are wasted in the EU each year, of which 53% is household waste,
which is food waste [3,5]. Food waste ends up in the municipal solid waste stream [6,7],
and by the guidelines for separate collection in the European Union developed by the
European Commission, it should go to the separately collected bio-waste [8]. An important
aspect of analyzing food waste generated, including using the waste accumulation rate,
is the distinction between avoidable and unavoidable food waste. Avoidable food waste
is that which is thrown away but could have been eaten by humans if treated properly
throughout the food supply chain [9]. Unavoidable food waste is understood as the
portion of food waste that is not edible under normal circumstances, for example, bones,
eggshells, or fruit pits [6]. The problem of avoidable food waste occurs mainly at the
household level [10]. Identification of the share of avoidable food waste indicates the need
to implement strategies aimed at minimizing food waste [9,11].

Within the hierarchy of solutions that can be used concerning food waste management,
a particular challenge is effective collection at the source, which is the starting point for
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further value recovery [2]. Accurate bio-waste generation and collection data are essential
to implement a sustainable and effective waste management strategy that is compliant with
the circular economy [12]. The basic quantitative parameters of municipal solid waste are
accumulation rates. However, collection and recycling rates also play a critical role [13,14].

An important aspect in determining the accumulation and collection rate for food
waste is the adopted methodology for measuring this phenomenon. The methodology for
food waste is defined in the Commission delegated decision (EU) 2019/1597 (Annex III),
which indicates appropriate methods for measuring food waste depending on the level
of the supply chain where the waste is created. For food waste generated in households,
direct measurement, waste composition analysis, and food diaries are recommended [15].
Direct measurement and waste composition analysis (preferably on-site) are considered the
best and most accurate methods. However, due to the costs and complexity, this method is
used relatively rarely and on a micro-scale. Methods based on diaries and questionnaires
are burdened with greater uncertainty, and often raise questions about the accuracy of the
data; however, they enable large-scale research [16].

According to Eurostat data for 2020, the amount of food waste reported in accordance
with the methodologies indicated in the Commission delegated decision (EU) 2019/1597
reached 131 kg-capita~!-year! of food waste, of which 70 kg-capita~!-year~! (54%) was
household waste (excluding food waste generated by the catering business). However,
different measurement methods were used in individual countries, and no distinction
was made between the share of avoidable and unavoidable food waste in this report. The
food waste generated by households ranged from 26 kg-capita—!-year—! (Bulgaria) to
124 kg-capita—!-year! (Portugal) [17]. Other data on food waste accumulation rates can
be found in studies based on various types of direct research. In a study carried out in Den-
mark, based on the analysis of bio-waste from 1474 households, the estimated rate of food
waste accumulation from households was 183 4 10 kg-capita~!-year !, of which 103 4+ 9 kg
was avoidable food waste [18]. In research carried out in Finland in 380 households, using
the method of a 2-week food waste diary study accompanied by a background question-
naire, the annual amount of avoidable food waste generated was 23 kg-capita~!-year ! [19].
Similar values were indicated in a paper on food waste research conducted in Italy in
20162017, also using the food waste diary study and a background questionnaire method
in 388 households, in which the amount of food waste was 26.5-33 kg-capita~!-year ! [20].
In the assessment of the amount of food waste in Hungary, where 100 households were
surveyed using the diary study and background questionnaire method, the food waste
accumulation rate was determined to be 68.04 kg-capita~!-year~! [21]; at the same time,
it was indicated that this amount was much higher than the amount reported for 2011
(39 kg-capita~!-year!). From the total amount of waste, 32.07 kg-capita~!-year—! was
considered unavoidable [22,23]. In a study describing a survey of 101 households using
the diary method, it was indicated that the food waste accumulation rate in Greece in
2013-2014 was 76.1 + 68.3 kg-capita~!-year—!, of which 25.9 4 34.9 kg-capita—!-year~!
was avoidable food waste and 50.2 + 47.1 kg-capita—!-year—! was unavoidable food
waste [24]. In a study conducted in Greece that also used the diary method, the food waste
accumulation rate was 98.9 kg-capita—!-year~!, of which avoidable waste amounted to
29.8 kg-capita~!-year! [25]. A direct study that was conducted in Poland (Opole) by den
Boer et al. in 2018-2019 in a region with approximately 500 inhabitants living in single-
family houses and in few-family and multi-family buildings, the total amount of food waste
generated by the households was 61.7 kg-capita~!-year~! [25]. The data included both
avoidable and unavoidable food waste. The study included food waste contained in the
stream of mixed municipal waste (42.8 kg-capita~!-year—!) and in the stream of separately
collected bio-waste (19 kg-capita!-year!). Of this waste, the avoidable portion was
21.5 kg-capita—!-year~! in mixed waste, and 7.1 kg-capita~!-year~! in separately collected
bio-waste. The data from the research carried out in 500 households using the diary study
and background questionnaire method in Poland in 2019 indicates that the food waste
accumulation rate in that year was 76.7 kg-capita—!-year~! [26].
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Based on a review of the source literature, most of the quantitative and qualitative data
that measured the scale of food waste in households are based on statistical data, diaries,
and questionnaires. There is a visible gap in research in terms of the use of direct methods
and combining data on food waste generation (with avoidable fractions distinction) with
the collection rates.

This paper presents the results of quantitative research on household bio-waste accu-
mulation and collection rates in Warsaw from two sources: single-family and multi-family
households. This research aims to determine the collection rate and effectiveness of se-
lective collection of food waste in Warsaw, and to indicate what part of the food waste
generated is the fraction that could have been avoided. It is a continuation of the study
on the technological and organizational parameters of selective collection of household
bio-waste in Warsaw that determine the optimal waste management scenario [27,28]. The
authors of the study aim to fill significant gaps in the quantitative data in the field of selec-
tive collection of municipal waste in urban areas for a developing system of segregation
at the source of the waste. The Polish capital city was used as a case study, as the system
of segregation at the source has been in operation here for up to 5 years. Such a study is
relevant and important in the context of the selective collection of the organic fraction of
municipal solid waste, compulsory in all EU member states from the beginning of 2024 [7].
The research aims to draw attention to the fact that a significant challenge in managing
household bio-waste is the stage of its collection [29]. The proper and effective collection of
food waste is the starting point for its further sustainable treatment (both its high-value
and low-value utilization), including validation, recycling, biofuel production, and energy
and heat generation.

2. Materials and Methods

Household bio-waste generated by multi-family housing (M) and single-family hous-
ing (S) in Warsaw was subjected to a direct quantitative study. According to the selective
collection system in force in Warsaw, vegetable and fruit leftovers, eggshells, coffee grounds
and tea leaves, wilted flowers and pot plants, and food leftovers (excluding meat, bones,
and animal fats) can be placed in containers for household bio-waste. The Warsaw sys-
tem is modeled on the Belgian and Netherlands systems [30]—the so-called VGF system
(vegetable, garden, and fruit waste). In Poland, the selective collection system is uniform
throughout the country [31]. In Warsaw, as in the whole country, animal residues should
not be included in the bio-waste stream, as required by the system. The study did not
cover green waste (from gardens and parks), which is collected separately in the Warsaw
collection system.

The research was carried out in the cycle from June 2020 to August 2022. There was
cooperation with one company that collects municipal waste. The waste came from the
same designated collection routes. The waste was collected once a week from both the
multi-family and single-family buildings according to [32], which specifies the schedule of
MSW collection in Warsaw. In the research, a direct measurement (physical survey) method
was used based on samples taken from ordinary waste-collection [16]. The amount of food
waste was measured by weighing and recording it by a third party (the company that
collects municipal solid waste). The amount of avoidable and unavoidable food waste was
determined based on the analysis of literature data [18,19,22-25], considering especially
national data as more representative [26]. Thanks to cooperation with the Environmental
Protection Office of the City of Warsaw, the number of properties from which the waste was
collected was determined, and then the number of inhabitants living along the collection
routes in multi-family and single-family buildings. The waste subjected to quantitative
tests was collected from 20,123 residents. Both permanent and temporarily registered
residents were included. Waste collection routes from multi-family buildings were in the
Bielany district, and single-family buildings were in the Bielany and Zoliborz districts. The
selection of districts reflects the ratio of multi-family to single-family buildings in Warsaw,
which is 88% to 12% [33]. Figure 1 shows the location of the Warsaw districts.
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Figure 1. The Bielany and Zoliborz districts—location in the city of Warsaw (marked in gray).

Municipal bio-waste (food waste) was collected from multi-family buildings
(6745 households) in the Bielany district of Warsaw (15 collection routes) with 17,537 residents.
In single-family housing, municipal bio-waste was collected from 740 households in the
Bielany and Zoliborz districts of Warsaw (57 collection routes), inhabited by 2586 people.

According to the literature, the bio-waste accumulation rate is determined as the ratio
of the bio-waste generated per unit of time in each area to the number of residents living in
that area [34]. By analogy, the collection rate of bio-waste from households was defined as
the ratio between the bio-waste collected per unit of time in each area and the number of
residents living in this area. The collection efficiency of the selective bio-waste collection
system was determined as the ratio of the portion of bio-waste collected to the total amount
of bio-waste generated [35].

The results were statistically analyzed using the Mann-Whitney U test. This is a
non-parametric test that does not depend on assumptions on the distribution, and one can
use it when the sample is small [36]. In addition, basic measures of diversity in terms of the
standard deviation and coefficient of variation were used [37].

The research carried out in these Warsaw districts should be treated as a pilot study,
which can be extended using the indicated methodology to other cities in Poland and
similar European cities.

3. Results
3.1. Amount of Municipal Bio-Waste Collected

Figure 2 includes the amounts of bio-waste collected from single-family and multi-
family buildings on the analyzed collection routes during the period covered by the analysis.

Quantitative food waste research was conducted for 27 months. In individual months,
food waste was collected from households in multi-family buildings in amounts ranging
from 16.5 thou. to over 38 thou. kg, and in single-family buildings from about 5 thou. to
over 12 thou. kg. In total, over 887 thou. kg of food waste was collected during the research
period (approximately 679.5 thou. kg from multi-family households and almost 208 thou.
kg from single-family households). The largest amounts of food waste were collected in
August (2020) and December (2020)—from multi-family and single-family households,
respectively; the lowest amounts were collected in April (2023) and February (2020)—from
multi-family and single-family households, respectively.
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Figure 2. Amounts of bio-waste collected from single-family buildings (blue bars) and multi-family
buildings (green bars).

Table 1 shows the average monthly amounts of bio-waste collected from multi-family
and single-family buildings, along with basic measures of diversity in terms of the standard
deviation and coefficient of variation.

Table 1. Amounts of bio-waste collected from multi-family and single-family buildings.

Year Average Monthly Amounts of Range [ke] Coefficient of
Bio-Waste Collected [kg] ge ke Variation [%]
Multi-family buildings (M)
2020 29,223 + 4717 24,420-38,240 16
2021 25,220 £ 3612 20,760-31,280 14
2022 21,778 £ 3427 16,440-27,860 15
Single-family buildings (S)
2020 8746 £ 1967 6220-12,080 23
2021 7360 £ 1263 5240-9900 17
2022 7288 £ 921 5840-9200 13

Note: 2020—14 measurement series; 2021—24 measurement series; 2022—16 measurement series.

The highest average value of monthly bio-waste collection occurred in 2020, both in
multi-family and single-family buildings. During this period, the greatest variability in
bio-waste collection was also recorded.

3.2. Indicators of Selective Collection of Municipal Bio-Waste

Figure 3 presents the calculated indicators of selective collection of municipal bio-
waste from multi-family and single-family buildings for each month in the analyzed years.
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Figure 3. Bio-waste separate collection rates for single-family buildings (blue bars) and multi-family
buildings (green bars).

Although the absolute amount of food waste collected in single-family buildings was
approximately three times lower than in multi-family housing (Figure 2), the monthly
collection rate (per inhabitant) turned out to be higher in single-family buildings. The
highest collection rates correspond to the months in which the largest amounts of bio-waste
were collected.

The analysis carried out with the Mann-Whitney U test allows the conclusion that for
the adopted level of significance (x = 0.05), the difference between the waste collection rate
values from single-family and multi-family households is large enough to be statistically
significant (U is 1092.5, p-value is 0.0251).

Table 2 presents the annual values, along with the basic measures of diversity, in the
forms of standard deviation and coefficient of variation.

Table 2. Annual bio-waste collection rates along with the basic measures of diversity.

Average Year Collection Rate of Bio-Waste Range Coefficient of
[kg-capita—1-year—1] [kg-capita—1-year—1] Variation [%]
Multi-family buildings (M)
173 £21 14.9-20.0 12

Single-family buildings (S)
362+31 33.8-40.6 9

Note: Multi-family buildings (M): 15 collection routes in each year; number of properties in one collection
route: 1-77; number of residents in one collection route: 30-7319. Single-family buildings (S): 57 collection
routes in each year; number of properties in one collection route: 1-101; number of residents in one collection
route: 4-341.

The monthly waste collection rates (Figure 3) were converted into annual rates for the
subsequent years covered by the analysis, and then average annual collection rates were
determined for the two types of buildings (Table 2).



Sustainability 2023, 15, 16827

7 of 13

3.3. The Efficiency of the Selective Bio-Waste Collection System

The efficiency of the selective food waste collection was determined as the share
of the portion collected in relation to the portion generated. According to Environment
2022, in 2021 there was an increase in the generation of municipal waste in Poland by
4.2% compared to the previous year. This means there was an increase in the amount of
municipal waste generated by one resident of Poland from 344 kg in 2020 to 360 kg in
2021 [38]. According to the research conducted by the Institute of Environmental Protection,
the share of bio-waste in municipal waste generated in the municipal system in Poland was
28.68%. At the same time, the share of kitchen waste in the morphological composition of
mixed municipal waste generated in large cities in Poland was 19.1% [38]. These data are
similar to Eurostat data for 2021, according to which 62 kg-capita™!-year~! of bio-waste
were generated in households [39]. In turn, according to unpublished research carried out
by the authors of this study, the average share of the animal origin food waste generated in
households in Warsaw was 11.2 &= 7.5% by multi-family buildings residents and 11.0 £ 1.5%
by single-family buildings residents [40].

Considering the above data, the indicators of the accumulation of food waste with the
predominance of plant origin fractions from households in particular years, collection rates,
and the efficiency of this collection in Warsaw are shown in Table 3.

Table 3. Food waste accumulation rates (plant origin fractions), collection rates from households, and
the efficiency of bio-waste collection in Warsaw.

Accumulation Rate of

Food Waste from Food Waste Collection

Collection Rate of Food

Year Households V\f[alftt?j:oir:\a E{fu:::‘,oll ]d s Efﬁ[C(,;e]ncy
[kg-capita—1.year—1] gcap y ?
M S M S M S
2020 58.3 58.5 20.0 40.6 34 69
2021 61.1 61.2 17.1 34.2 28 56
2022 63.6 63.8 14.9 33.8 23 53

Note: Multi-family buildings (M): 15 collection routes in each year; number of properties in one collection
route: 1-77; number of residents in one collection route: 30-7319. Single-family buildings (S): 57 collection
routes in each year; number of properties in one collection route: 1-101; number of residents in one collection
route: 4-341.

Table 3 compares the food waste accumulation rates with the collection rates to
determine the collection efficiency (following the relationship presented in Section 2).

4. Discussion

A quantitative direct study on the selective collection of food waste from households
was conducted from June 2020 to August 2022 for two Warsaw districts (20,123 residents),
which allowed the authors to determine the parameters that play a critical role in planning
waste management systems, with an emphasis on opportunities to improve food waste
prevention and efficiency for the system of bio-waste selective collection.

The determined bio-waste collection rates in Warsaw were relatively low for multi-family
buildings, on average 17.3 kg-capita~!-year~!, but twice as high, i.e., 36.2 kg-capita ! -year~!,
for single-family buildings. Considering the proportions between the number of residents
in these two types of buildings, the food waste collection rate in the collection area is
19.6 kg-capita—!-year~! (the area of collection was selected so that the type of development
corresponds to the type of development in Warsaw). This value is like the results obtained
in the study by den Boer [26], where the absolute amount of both the avoidable and
unavoidable food waste in the bio-waste was estimated at a level of 19 kg-capita~!-year~!
for a city in southwestern Poland.

The value of the food waste collection rate from households in Warsaw was assessed
as very low, typical for immature and still developing selective collection systems. For
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example, in accordance with the guidance for the selective collection of municipal waste in
Germany, targets are set for the collection of 60 kg of kitchen waste per capita per year [7].

The values of the food waste collection rate by households in Warsaw are characterized
by high variability, which is typical for municipal waste [13]. The coefficient of variation
of monthly kitchen waste collection in Warsaw is in the range of CV = 14-16% for multi-
family buildings and CV = 13-23% for single-family buildings. The average value of
this coefficient, considering the ratio between these two types of buildings, is 16%. The
coefficient of annual variability of food waste collection was estimated at CV = 11% (12%
for multi-family buildings and 9% for single-family buildings). It is recommended to adopt
these values to create and modernize systems for the selective collection of municipal
bio-waste in Warsaw and other large cities.

The efficiency of the selective waste collection system can be determined in various
ways. One of the methods is the quality in container rate (QCR), which determines the
proportion of bio-waste and impurities contained therein. The study by Gallardo et al. reports
that these values reach levels of 79.95-90.00% (Spain—various regions), 89% (Italy—Calabria),
70-90% (Czech Republic—Usti nad Labem), and 97% (Belgium—Antwerp) [28]. In previous
research [41], the authors of this paper determined the efficiency of selective collection of
bio-waste from households based on quality in container rate at the level of QCR = 92-97%.
The quantitative study on the selective collection of food waste in Warsaw, conducted as part
of this research, allowed us to determine the efficiency of this system, reflecting the share
of the portion collected in relation to the total amount generated. The average efficiency of
the single-family buildings’ food waste collection is at a high level of 59 & 7%, while the
average efficiency of the multi-family buildings’ food waste collection is approximately
half of this, and amounts to 28% =+ 4%. At the same time, single-family buildings” food
waste collection is characterized by slightly lower variability (CV = 12%) compared to
multi-family buildings (CV = 16%). Considering the ratio between multi-family and single-
family buildings, the average efficiency of household municipal bio-waste collection in
Warsaw is at a level of 32%. A very similar value of the efficiency of selective food waste
collection was determined by den Boer for a city in southwestern Poland (31%) [26].

The difficulties in the selective collection of bio-waste, including its high and variable
humidity, affect the logistical and technical requirements for its collection and further
processing [6]. Food waste collected from households in Warsaw has a humidity level of
77 £ 3% (CV = 3%) for multi-family buildings and 78 + 4% (CV = 5%) for single-family
buildings [27]. The collection system used has a significant impact on the efficiency of
the selective collection of bio-waste. In highly populated areas, door-to-door collection is
optimal and cost-effective. However, living space, especially in high-rise buildings, may
not allow for separating the waste into several waste streams, and inhibits separation [6]
(hence, among other things, the efficiency of the food waste collection system in multi-
family buildings in Warsaw is halved).

Effective selective waste collection is not only a matter of the quantity of collected
fractions, but also their quality. According to [7], bio-waste with more than 10% of impu-
rities makes valorization hardly feasible. According to previous research by the authors
of this study [28], the inclusions and contaminants occurring in selectively collected food
waste in Warsaw constitute 5.79 £ 3.58% of the total amount of waste for multi-family
buildings and 6.60 & 3.72% for single-family buildings; taking into account the type of
building development in the city, this gives an average value of approximately 6%. In
this respect, the collection system should be considered effective. Door-to-door collection
of bio-waste is an expensive system in terms of operational costs, but also results in the
highest capture rates while allowing for a minimization of impurities. Moreover, it turns
out that people in European Union capitals tend to sort more plastic, metal, paper, and
glass when door-to-door bio-waste collection is in place [41]. Also, the optical bag system
can encourage society to implement food waste separation at the source [42]. In turn, on
average, bio-waste collected via local collection points (e.g., underground containers for
bio-waste) has a higher content of contaminants than bio-waste collected using door-to-
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door systems. Underground containers may be an option in city centers, but these require
an intensive follow-up to improve the quality of the collected fractions [7].

To increase the efficiency of biodegradable waste collection and increase the level
of recycling, it could be considered to include in the collection system all biodegradable
fractions, including animal-origin bio-waste and biodegradable plastics. In other European
Union countries, e.g., Germany and Austria, all food waste (kitchen waste) is targeted. In
Austria, the separate collection of, e.g., leftover raw meat scraps from kitchens has been
implemented depending on the region and further treatment. Both systems have their
advantages and disadvantages. VGF system tends to leave a large part of food scraps in
residual waste, which is also demonstrated by the high percentages of organics in residual
waste. In turn, the selective collection of animal-origin food waste increases the nuisance
of this collection (odor nuisance), creates sanitary problems, and expands the risk of
contamination of bio-waste [43]. According to [44], biodegradable plastics can be collected
jointly with bio-waste. However, most bioplastics degrade slower than normal kitchen
waste, which slows down the process or induces elements that are not fully degraded.
Therefore, proper certification and clear instructions for handling bioplastics are important
to incorporate such materials into the collection system. Nonetheless, in the current legal
situation in Poland [31], these are only considerations of technological possibilities, because
current bio-waste collection systems do not allow animal-origin scraps and biodegradable
plastics to be combined with household food waste.

The amount of food waste collected depends on the amount of the waste generated. In
lower-income countries of the EU, food waste constitutes around 30% of the total household
waste, whereas in Member States with a higher average income, food waste constitutes
only around 20% of the total household waste, which is primarily related to wasteful food
habits [5]. An important issue from the standpoint of sustainability, including minimizing
the bio-waste amount generated and preventing the wasting of food, is awareness of the
content of avoidable food waste in the municipal waste that is generated and collected. The
qualitative study on food waste generated in Warsaw households presented in study [28]
indicates that the plant fractions in separately collected bio-waste constitute 93.53% of
the bio-waste from multi-family buildings and 92.11% of the bio-waste from single-family
buildings. Among the fractions, the presence of citrus peels (recognized as non-avoidable
food waste) was recorded at the levels of 5.22% and 8.63%, respectively; garden fractions,
which are not food waste (recognized as non-avoidable food waste), at the levels of 0.90%
and 3.92%, respectively; and other impurities, including soil and teabags (non-avoidable
food waste), at the levels of 0.14% and 0.10%, respectively. In turn, in the selectively
collected bio-waste generated in Warsaw households, the share of animal fractions that are
undesirable additives to the system (recognized as avoidable food waste) are at the levels
of 0.68% and 1.29%, respectively. In den Boer’s study [26], the content of avoidable food
waste in three waste streams was estimated—in bio-waste collected separately (37%), in
food waste included in residual waste (50%), and in food waste generated within the total
amount of MSW (46%). The results of studies by other authors indicate slightly different
shares of avoidable food waste in bio-waste contained in mixed municipal waste—in
Denmark (56%), Hungary (53%), and Greece (34%) [26].

Assuming the quoted data obtained in Poland (according to den Boer) and taking
into account the efficiency of selective collection of municipal bio-waste (plant fraction) in
Warsaw at a level of 32%, this means that residual waste still contains food waste (plant and
animal fractions) at a level of 53.2 kg-capita~!-year~!, including 26.6 kg-capita—!-year~!
of avoidable and the same amount of unavoidable waste. In turn, in the selectively col-
lected bio-waste generated in Warsaw households, one can expect avoidable fractions
at a level of 6.8 kg-capita !-year—!, which gives a total of 33.4 kg-capita~!-year ! of
avoidable food waste and 38.2 kg-capita—!-year ! of unavoidable food waste (a total
of 71.6 kg-capita—!-year~! food waste). Similar results were obtained based on research
projects conducted in Hungary—68 kg-capita—!-year—! of food waste (36 kg-capita—!-year~!
of avoidable fractions) [23], in Greece—76.1 (including 25.9 kg-capita~!-year~! of avoidable
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fractions) [45], in Croatia—75 kg-capita—!-year~! (although only 9 kg-capita—!-year~! of
avoidable fractions) [46], in Bosnia-Herzegovina—49.5 kg-capita~!-year~! of avoidable
food waste [47], and in Norway—46.3 kg-capita—!-year ! of avoidable fractions [48]. Higher
values were recorded in Denmark: 183 kg-capita—!-year ! of food waste (103 kg-capita ! -year—!
of avoidable fractions) [18].

Considering bio-waste from other sources (sinks, toilets, animals, compost, etc.) at
a level of 29% [25], this amount estimated for Warsaw has increased to the level
of 92.4 kg-capita~!-year—!. This value is higher compared to the data published
by [49]—76 kg-capita~!-year—! and [50]—61 kg-capita~!-year~! for Eastern Europe.

According to data presented in [28], the recycling of bio-waste in Poland in 2017 was
at a level of 12-29 kg-capita—!-year!. Due to the requirements related to the preparation
for reuse and recycling of municipal waste, the organization of the bio-waste collection
system should be much more efficient. With the content of plant fractions in food waste at a
level of approximately 63.6 kg-capita~!-year~! (according to the data in Table 3), recycling
of this waste should reach a level of approximately 35.0 kg-capita~!-year—! in 2025 and
38.2 kg-capita~!-year~! in 2030. With 6% contaminant content in food waste collected from
households in Warsaw, this translates into the need for selective collection of a minimum
37.2 kg-capita~!-year ! in 2025 and 40.6 kg-capita!-year~! in 2030, i.e., an approximately
two-fold increase in relation to the results obtained during the study under discussion. This
involves the need to increase the level of selective collection of food waste from households
in Warsaw to almost 25% per year in the first 3 years of the system’s development (until
2025), and then about 2% per year (until 2030) [27]. Study [51] indicates even higher shares
of contaminants in bio-waste coming from households in the Lubuskie Voivodeship (in
western Poland)—16.6% in multi-family buildings and 10.0% in rural areas and cities with
single-family housing. This would mean the need to achieve even higher collection rates
for the sake of sustainability.

Although the direct research method used in the study managed to obtain actual data
on food waste collection rates and collection efficiency, it should be considered that this
method has also limitations, which apply to the scale and accuracy of the study results.
Obtaining data from direct measurement and data regarding residents is very difficult, and
requires active cooperation between waste collection companies and local authorities. For
this reason, it has been possible to carry out this pilot study for two districts in Warsaw so
far. The other disadvantage of the direct method used is that only food waste entering the
municipal waste stream is analyzed. Thus, this type of analysis may exclude food waste
that is fed to animals or is home composted [52].

5. Conclusions

The results of the study allowed us to determine that the average food waste collection
efficiency rate from Warsaw households is at a level of 32%. The food waste collection effi-
ciency from multi-family buildings (28%) is less than half that from single-family buildings
(59%). The average food waste collection rate from households in Warsaw was determined
to be at a level of 19.6 kg-capita—!-year~!. In multi-family buildings, which are dominant in
Warsaw, this rate is half as pronounced (17.3 kg-capita~!-year—!) compared to single-family
buildings (36.2 kg-capita~!-year~!). The coefficient of variation for monthly kitchen waste
collection in Warsaw is 16%, and the annual unevenness is 11%. To meet legal requirements
regarding the recycling of municipal waste, recycling of food waste collected from house-
holds in Warsaw should be executed at a level of approximately 35 kg-capita—!-year~! in
2025 and 38 capita~!-year~! in 2030. This translates into the need for an approximately
two-fold increase in the selective collection of food waste in relation to the current rates,
which will require almost a 25% increase per year for the first 3 years of system develop-
ment (until 2025). In turn, in bio-waste generated in Warsaw households, one can expect
33.4 kg-capita—!-year~! of avoidable food waste, which accounts for nearly 47% of all food
waste generated. This indicates that a significant challenge is not only to improve the
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effectiveness of selective collection but, above all, to follow the waste hierarchy, and to
increase activities to minimize food waste generation.

The results of the current and previous studies [28] indicate that there is a growing
need for improvements in policy tools that support food waste prevention, and in collection
solutions for household food waste in urbanized areas.

Recognizing the limitations of the current study, a more complex study could cover
a larger bio-waste collection region and extend the direct method with a survey, which
would fill the gaps from the direct study and determine the characteristics of households
participating in the study.
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