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Introduction

The scientific and technical report on the study of the composition of municipal waste
in the Kherson municipality was prepared in accordance with the Methodological
Recommendations for Determining the Morphological Composition of Municipal Waste [1].

Kherson municipality is a municipality in Ukraine, in the Kherson region with the
administrative centre in the city of Kherson. The territory covers 452,769 km? The
municipality consists of 16 administrative units: the city of Kherson, urban-type settlements
Antonivka, Zelenivka, Komyshany, Naddnipryanske, villages of Bohdanivka, Petrivka,
Sadove, Stepanivka and villages of Blahovishchenske, Zymivnyk, Inzhenerne, Molodizhne,
Prydniprovske, Pryozerne, Solnechne. The municipality has been severely affected and
suffers from daily shelling by the Russian Federation. A large part of the municipality is
located in the Dnipro River delta and therefore was severely affected by the explosion of the
Kakhovka hydroelectric power station in June 2023.

The population of the municipality has decreased from 317.8 thousand people (January
2022, of which 279.1 thousand people lived in Kherson) to 90.9 thousand people (May 2024,
of which 70.9 thousand people lived in Kherson). The population is unstable and highly
dependent on the security situation. The statistics are not updated due to martial law.

The Kherson City Military Administration provided a table with information on the
number of residents by administrative unit (Annex 1), but there is no data on the ratio of
residents in multi-apartment and single-family housing, so we did not use the appropriate
weighting factors to adjust the results. Therefore, the composition of municipal waste for the
Kherson municipality was calculated as an arithmetic mean.

When conducting the study of the composition of municipal waste and preparing this
report, the requirements of the Terms of Reference for the development of a report on the
determination of the morphological composition of municipal waste in the territory of the
Kherson municipality were taken into account in accordance with the Agreement No. 07
30/08/2024 between the NGO "Zero Waste Alliance Ukraine", EDRPOU code 42830021,
represented by Sidorenko Sofia-Yulia Anatolievna, acting on the basis of the Charter - the
"Customer", and the Individual entrepreneur Kovalenko Victoria Viktorovna, EDRPOU code
3283600308 - the "Contractor".

The aim of this study is to obtain baseline data on the morphological composition of
municipal waste to improve the efficiency of its management in the Kherson municipality.

The consolidated annual report will provide consolidated data for four seasons (fall
2024 - summer 2025) [2].



1. Description of the research methodology

In accordance with the Methodological Recommendations for Determining the
Morphological Composition of municipal Waste [1], a special commission was established
with representatives of the relevant structural units of local governments and/or their
executive bodies, waste management service providers, business entities operating in the field
of municipal waste management in the territory of the Kherson municipality to organise the
study to determine the morphological composition of municipal waste (Annex 2).

The morphological composition of municipal waste was determined by three sources of
its generation:

1) municipals - multi-apartment residential buildings;

2) municipals - single-family residential buildings;

3) other sources of municipal waste generation (enterprises, institutions and
organisations).

According to the Terms of Reference, the morphological composition of municipal
waste is planned to be determined during 4 seasons in 2024-2025.

The morphological composition of municipal waste is determined by classification
(Annex 3).

The morphological composition of municipal waste was determined by:

1) Collection of municipal waste from containers on specially selected routes
(Annex 4);
2) Collection and transportation of municipal waste by special-purpose vehicles

for the collection and transportation of the respective type of municipal waste (hereinafter
referred to as garbage trucks) without their forced compaction;

3) employees trained and instructed (Annex 5) to carry out the study to determine
the morphological composition of municipal waste (hereinafter referred to as sorters);

4) the morphological composition of municipal waste was determined in accordance
with Section II of the Methodological Recommendations for Determining the Morphological
Composition of Municipal Waste [1], collected and transported by garbage trucks.

Since waste in the Kherson municipality is currently collected according to a certain
schedule, the study was conducted:

1) on Route 1 "Multi-apartment residential buildings" - 4240 kg of municipal
waste was collected for the period 21.10.24-23.10.2024 (3 days). The analysis was carried out
on 24.10.2024;

2) on Route 2 "Single-family residential buildings" - 8610 kg of municipal waste
was collected for the period 21.10.24-24.10.2024 (4 days). The analysis was carried out on
25.10.2024;

3) on Route 3 "Other sources of municipal waste generation: enterprises,
institutions and organisations" - 1820 kg of municipal waste for the period
15.10.24-21.10.2024 (6 days). The analysis was carried out on 22.10.2024.

The survey was carried out by a team of 3 sorters with whom the company has
concluded a contract for the provision of services.

The study was conducted in the following order:

1) Prior to the study, a briefing on labour protection and work under martial law
was conducted for municipal waste sorters (Annex 5) directly on the territory of the
municipal waste treatment facility - 120 Raketna St., Kherson, municipal landfill,

2) Before the study, each sorter was given plastic bags for separate collection of
certain or several types (or their components) of municipal waste;



3) A separate site was allocated for research on the territory of the municipal
waste treatment facility;

4) The garbage truck with municipal waste was checked for radioactive
contamination and weighed on truck scales installed at the municipal waste treatment facility
with a discreteness of up to 10 kg and a weighing error of no more than 0.5 = 1%, and the
weight was entered into Excel tables.

5) The garbage truck was unloaded at a designated site and the total amount of
unloaded municipal waste was selected with shovels:

- 30 samples weighing 10 kg each for municipal waste from municipals -
"multi-apartment residential buildings". The analysis was carried out on 24.10.2024.
- 30 samples weighing 10 kg each for municipal waste from municipals -
"single-family residential buildings". The analysis was carried out on 25.10.2024.
- 15 samples of 10 kg each for municipal waste from other sources of municipal waste
generation. The analysis was carried out on 22.10.2024.
Each sample was transferred to a sorting table for further separation into separate types
(components thereof) of municipal waste, and the remaining municipal waste from the
sample was removed from the site;

6) Each municipal waste sorter collected several types of municipal waste in
containers of different sizes (plastic containers, bags, sacks or beggars). The containers were
filled manually. After the selection of certain types (or components thereof) of municipal
waste was completed, the residues that could not be sorted were loaded into bags.

7) The volume of the containers with the selected types of municipal waste and
the remaining waste was weighed and measured in turn. The results of each measurement
were entered into Excel spreadsheets. The selection of individual components of municipal
waste and their measurement was accompanied by photographic documentation and attached
to the report.

The morphological composition of municipal waste should be determined by weighing
dry waste. However, in Ukraine, there is currently virtually no access to large-scale
dewatering facilities. Therefore, untreated wet waste was used for the analysis.

Errors that need to be taken into account during the study

The morphological composition of waste on Monday will differ from that on other days
of the week (weekend effect).

The morphological composition of waste will be different during school holidays and
the morning after holidays. Accordingly, samples are not collected during school holidays
(during the school year) or weeks with holidays.

But this is irrelevant to the current situation in Kherson.

1.1. Selection of routes for municipal waste collection

The routes were selected to cover: multi-apartment residential buildings - Route 1,
single-family residential buildings - Route 2, and other sources of municipal waste generation
(enterprises, institutions and organisations) - Route 3 (Annex 3).

1.2. Territory and premises for research

The study was conducted in a specially equipped room with safe working
conditions and labour protection regulations. The premises at 120 Raketna St., Kherson, a
municipal waste landfill, are equipped with electricity for lighting, water for washing
hands and containers, and heating.



It is very important to have good lighting conditions during sorting. The
illumination on the table should be >300 lux (1 Iux is 1 Im/m2). This means that if the
sorting takes place with inadequate basic lighting, additional lighting must be provided: in
our case, two LED lamps of 50 W each, 4000 ml each.

As the weather was warm and rain-free, part of the study was carried out outdoors
on a strong film.

Military risks were taken into account:

- in case of shelling, the nearest shelter is located on the territory of the training
ground;

- in case of a power outage, reports were printed out (Annex 3);

- the scales were charged, and a connection to a generator was provided.

1.3. Equipment and inventory

Equipment and inventory were purchased before the start of the first season and
purchased as needed before each season. Equipment that could be reused was necessarily
reused to reduce waste and comply with the principles of rational use of resources and Zero
Waste.

1.4. Training programme for sorters

Prior to the study, a safety briefing was conducted for municipal waste sorters (Annex
5) directly on the territory of the municipal waste treatment facility - 120 Raketna St.,
Kherson, municipal solid waste landfill (landfill).

Training was also provided on how to identify the type of waste in accordance with the
sorting catalogue by type of municipal waste (Annex 7).

1.5. Sampling of municipal waste

In accordance with Section II of the Methodological Recommendations for
Determining the Morphological Composition of Municipal Waste [1], the methodology for
preparing a sample of mixed municipal waste for sampling for research:

- for multi-apartment residential buildings: for 3 days, it is recommended to collect
1000 kg (5-7 m3) daily from the garbage truck of the selected municipal waste collection
route - or up to 6 containers of 1.1 m3, filled by at least 75%. Since the frequency of waste
collection on the selected route is once every 3 days, we collected a total of 4,240 kg of
municipal waste, which meets the requirements.

On this route, there were fluctuations in the amount of waste collected. In our opinion,
this is due to seasonal fluctuations in waste generation, as well as the fact that the amount of
municipal waste generated currently depends heavily on the security situation.

For comparison:

in the autumn season of 2024, waste on this route was collected once every 4 days,
4,240 kg in total, 1,060 kg/day;

in the winter season of 2025, waste was collected once every four days, totaling 2,070
kg, or 517.5 kg/day;

in the spring season of 2025, waste was collected once every three days, totaling 6,830
kg, or 2,276.67 kg/day;

summer season 2025 - waste collection frequency once every 2 days, 7250 kg, 3625
kg/day.

The amount of waste collected on this route meets the requirements of the
Methodological Recommendations for Determining the Morphological Composition of



Municipal Waste in the Autumn, Spring, and Summer Seasons, but is slightly less in winter,
which once again confirms seasonal fluctuations in waste generation.

- for single-family residential buildings (country houses): within 3 days, it is
recommended to collect 1,000 kg (57 cubic meters) or up to 6 containers with a volume of
1.1 cubic meters, filled to at least 75% capacity, from the garbage truck on the selected
municipal waste collection route every day.

For comparison:

in the autumn season of 2024, waste was collected on this route once every 4 days,
8610 kg in total, 2152.5 kg/day;

winter season 2025 - once every 7 days, 6,170 kg in total, 881.43 kg/day;

spring season 2025 - once every 3 days, 8,910 kg in total, 2,970 kg/day.

Summer season 2025 - waste collection frequency once every 3 days, 4940 kg, 1647
kg/day.

The amount of collected waste meets the requirements of the Methodological
Recommendations for Determining the Morphological Composition of Municipal Waste in
All 4 Seasons.

- for other sources of municipal waste generation: it is recommended to collect 500 kg
(2.5-3.5 m3) or up to 3 containers of 1.1 m3 filled to at least 75% from the garbage truck of
the selected municipal waste collection route within 3 days.

For comparison:

in the autumn season of 2024, waste was collected on this route once every 7 days,
4,400 kg in total, 628.57 kg/day;

in the winter season of 2025, once every 7 days, 2,060 kg in total, 294.29 kg/day;

spring season 2025 - once every 7 days, 1,950 kg in total, 278.57 kg/day;

summer season 2025 - once every 7 days, 1,830 kg of solid waste, 610 kg/day.

The amount of solid waste collected on this route meets the requirements of the
Methodological Recommendations for Determining the Morphological Composition of
Municipal Waste in All Four Seasons.

The sampling methodology for the study of the morphological composition of mixed
municipal waste included:

- for multi-apartment residential buildings: from the appropriate sample of mixed
municipal waste, take 30 shovelfuls of at least 10 kg each. A total of 300 kg of
municipal waste per season;

- for single-family residential buildings (manor-type houses): from the appropriate
sample of mixed municipal waste, select 30 samples weighing at least 10 kg each with
shovels. The total sample is 300 kg of municipal waste per season;

- for other sources of municipal waste generation: from the appropriate sample of
mixed municipal waste, take 15 shovelfuls of at least 10 kg each. A total of 150 kg of
municipal waste per season.

The team analysed the samples using the following algorithm:

- the samples were moved to an open area, a strong film was spread and the samples
were turned over;

- containers of different volumes, with appropriate labelling of the contents, placed
around the film;

- check the cleanliness of the sorting table;

- spread the film on the table;

- checked the scales and their measurements;

- prepared a statement of accounts.



Electronic scales are installed and adjusted. We used scales with the following characteristics:

- Maximum weight: 1000 kg;

- Minimum weight: 10 kg;

- Two additional clean containers of 20 and 5 litres were used for packaging.

The waste was sorted and large items (larger than @ 100 mm) were placed in the
appropriate container (as is done on the sorting line). Smaller items were then sorted,
especially hazardous waste.

Note: after the sorter identified the waste as medicine, it did not open the packaging,
even if it was transparent.

When the container was full, it was weighed and the contents were poured into a
garbage bag for later disposal. A suitable container was placed on the scales, the containers
were then weighed and the results were entered into a report card.

The volumes of each type of waste were also measured and recorded in a report.

In the end, all the containers were emptied, the table was wiped down, and the room

was cleaned.

The data from the reporting sheets were transferred to Excel spreadsheets.

We handed over photos and reports.

A photo report on the results of the morphological composition of municipal waste in
Kherson municipality is presented in Annex 4.



2. Results of the study

The amount of municipal waste was analysed by the main parameters: weight (kg), volume
(m3), and average density (kg/m’).

The results of the study were processed in the following order:

- determining the weight of municipal waste for each garbage truck as the difference
between the weight of the garbage truck filled with municipal waste and the weight of
the empty garbage truck;

- the weight of each sorted type (or its component) of municipal waste was determined
by summing up the relevant weighing data;

- the total weight of the sorted sample is determined by summing up all the data
obtained during the weighing of the types (their components) of municipal waste and
their residue;

- the mass of municipal waste that has been sorted is taken as 100% (by weight), the
content (in percentage) of each type (its component in the composition) of municipal
waste in a given sample is calculated;

- The volume of each sorted type (its component in the composition) of municipal
waste was determined using containers of different sizes and scientific methods;

- the total volume of the sorted sample is determined by summing up all the data
obtained during the measurement of the volume of types (their components) of
municipal waste and their residue;

- the volume of municipal waste that has been sorted is taken as 100% (by volume), the
content (in percentage) of each type (its component in the composition) of municipal
waste in a given sample is calculated,

- The average density of municipal waste in garbage trucks by type of municipal and
other sources of municipal waste generation was determined;

- summarises the results by type of municipal and other sources of municipal waste
generation;

- The average morphological composition of municipal waste by weight and volume
received by municipal waste management facilities in garbage trucks was determined.

Based on the results of the conducted research, the average arithmetic indicators of the
morphological composition of mixed municipal waste generated in the Kherson municipality
were calculated. Let's look at the results in more detail.

2.1. Research results: multi-apartment residential buildings

Route 1 "Multi-apartment residential buildings", selected:

Autumn 2024 - 4,240 kg for the period 21.10.24-23.10.2024 (3 days), sample 300 kg,
sample volume 5.67 cubic meters. The analysis was carried out on 24.10.2024.

Winter 2025 - 2070 kg for the period 18.01.2025-21.01.2025 (4 days), sample 300 kg,
sample volume 7.18 cubic meters. The analysis was carried out on 22.01.2025.

Spring 2025 - 6,830 kg for the period 14.04.2025-16.04.2025 (3 days), sample 300 kg,
sample volume 8.57 cubic meters. The analysis was conducted on 17.04.2025.

Summer 2025 - 7,250 kg of municipal waste for the period 21.07.2025-22.07.2025 (2
days), sample 300 kg, sample volume 7.3 cubic meters. The analysis was conducted on
23.07.2025.

According to the calculations, the main fractions by weight are (Fig. 2.1, Table 2.1):

- recyclable materials account for 45.28%: glass - 14.88%, certain types of plastic 14.00%
(plastic marked PET-1 - 7.75%, bottles marked HDPE-2 - 2.73%, plastic packaging marked
LDPE-4 (film) - 3.52%), paper and cardboard - 10.13%, ferrous metal packaging (tin cans) -



3.52%, packaging and other products made of non-ferrous metals (aluminum cans from food
and beverages) - 1.73%, Tetra Pak packaging - 1.02%.

- biowaste 32.04%, of which green waste (grass, leaves, branches) - 24.71%, food waste -
5.95%, other biodegradable waste (animal carcasses, feces, toilet paper) - 1.38%.

- Residual waste that could not be separated: 13.01%.

- Waste that cannot be recycled or is very rarely recyclable (recycling) 8.33%: textiles 4.5%,
other composite packaging (ketchup and mayonnaise cartons, snack packaging) - 1.15%,
repair waste - 0.9%, other plastics - 0.83%, plastic packaging marked PP-5 (yogurt cups,
other dairy products) - 0.58%, waste electrical and electronic equipment (hereinafter referred
to as WEEE) - 0.32%, plastic packaging marked PS-6 (yogurt cups, other dairy products) -
0.05%.

- hazardous waste, including WEEE - 1.35%.

Residual municipal waste

= Plastic
13,0% 15,5%
WEEE
0,3%
Paper and cardboard T Composite packaging
10,1% 2,2%
Metals
. 5,2%
Repair waste
0,9%
Glass
14,9%
Textiles Biowaste
4,5% 32,0%
Hazardous waste

1,3%

Fig. 2.1. Distribution of mixed municipal waste from multi-apartment residential
buildings in Kherson municipality in % of the total weight of the sample, September
2024 - July 2025

According to the calculations, the main fractions by volume are (Fig. 2.2, Table 2.1):

- plastic 37.31%, of which 32.29% is subject to recovery (recycling) (plastic marked
PET-1 - 23.96%, bottles marked HDPE-2 - 2.93%, plastic packaging marked LDPE-4 (film) -
5.4%). In other words, PET-1 labeled bottles actually take up 1/4 of the tank. If they are
collected separately, the community can significantly save on the transportation of household
waste. Furthermore, even with separate collection, residents need to develop a culture of
compressing empty bottles so as not to transport air. Plastic waste that cannot be recycled (or
is very rarely recycled) 5.02%: other plastic packaging and unmarked plastic (in particular,
children's toys) - 2.65%, plastic packaging marked PP-5 (yogurt cups, other dairy products) -
1.95%, plastic packaging marked PS-6 (yogurt cups, other dairy products) - 0.42%.

- other recyclable materials account for 32.62%: paper and cardboard - 25.44%, ferrous
metal packaging (tin cans) - 1.95%, glass - 1.82%, non-ferrous metal packaging (aluminum
cans from food and beverages) - 1.74%, Tetra Pak packaging (mainly disposable “paper”
cups, which actually contain a layer of film) - 1.67%.



- biowaste 20.65%, of which green waste (fallen leaves, branches) - 19.43%, food
waste - 0.84%, other biodegradable waste (animal carcasses, feces, toilet paper) - 0.38%.

- Other waste that is not or very rarely subject to recovery (recycling) 6.86%: other
composite packaging (ketchup and mayonnaise cartons) - 3.45%, textiles 2.89%, electrical
and electronic equipment waste - 0.31%, repair waste - 0.21%.

- residual waste that could not be separated - 2.12%.

- hazardous waste - 0.44%.

Residual municipal waste
2,1%

Paper and cardboard
25,4%

Plastic
37,3%
Repair waste
0,2%
Glass
1,8%
Textiles
2,9%
Hazardous waste
0,4% WEEE

0,3%

Composite packaging
51%

Metals

3,7%

Biowaste
20,7%

Fig. 2.2. Distribution of mixed municipal waste from multi-apartment residential
buildings in Kherson municipality in % of the total sample volume, September 2024 -
July 2025



Table 2.1. The results of the study of the morphological composition of the municipal waste from multi-apartment residential buildings

in the Kherson municipality, September 2024 - July 2025

Waste Composition of
. . . Sample volume, . 3
No. Name of the MW faction Weight, kg composition by i waste by Density kg/m
weight, % volume, %

1. Paper and cardboard 121,60 10,13 7,31 25,44 16,64
1.1. | Paper packaging 0,00 0,00 0,00 0,00 0,00
1.2. | Flat cardboard packaging 93,40 7,78 5,10 17,76 18,31
1.3. | Cardboard (corrugated) 16,70 1,39 2,03 7,07 8,23
1.4. | Office paper 6,20 0,52 0,10 0,35 62,00
1.5. | Other paper 4,10 0,34 0,04 0,15 97,62
1.6. Other cardboard 1,20 0,10 0,04 0,12 34,29
2. Glass 178,60 14,88 0,52 1,82 341,49
2.1. | Transparent glass packaging 117,00 9,75 0,29 1,01 403,45
2.2. | Coloured glass packaging 60,60 5,05 0,23 0,80 263,48
2.3. Window glass 0,00 0,00 0,00 0,00 0,00
2.4. Ceramics 0,00 0,00 0,00 0,00 0,00
2.4 | Other glass 1,00 0,08 0,00 0,01 333,33
3. Plastic 185,50 15,46 10,71 37,29 17,32
3.1. | Bottles with PET-1 labelling 86,40 7,20 6,64 23,12 13,01
3. | Plastic packaging with PET-1 6,60 0,55 0,24 0,84 27,50

marking
3.3. Bottles marked with HDPE-2 32,80 2,73 0,84 2,93 39,05
3.4, | Plastic packaging with PVC-3 0,00 0,00 0,00 0,00 0,00

marking
3.5. | Plastic packaging marked LDPE-4 42,20 3,52 1,55 5,40 27,23
3.6, | Plastic packaging with PP-3 7,00 0,58 0,56 1,95 12,50

marking
3.7. | Plastic packaging marked PS-6 0,60 0,05 0,12 0,42 5,00




Waste Composition of
. ) .. Sample volume, .
No. Name of the MW faction Weight, kg composition by m’ waste by Density kg/m’*
weight, % volume, %
3.8. Plastic with marking 7 0,00 0,00 0,00 0,00 0,00
39 Other'plastic packaging without 2.10 0,18 0,24 0,84 8,75
labelling
3.10. | Other plastics 7,80 0,65 0,52 1,81 15,00
4. Composite packaging 26,00 2,17 1,47 5,12 17,69
4.1. | Tetra pack type packaging 12,20 1,02 0,48 1,67 25,42
4.2. | Other composite packaging 13,80 1,15 0,99 3,45 13,94
5. Metals 63,00 5,25 1,06 3,69 59,41
51 Packaging (containers) made of 42,20 3.52 0.56 1,95 75.36
ferrous metals
59 Packgg‘ing (containers) made of 20,20 1,68 0,50 1,74 40,40
aluminium
5.3. | Other ferrous metals 0,00 0,00 0,00 0,00 0,00
5.4. | Other metals (non-ferrous) 0,60 0,05 0,00 0,00 1200,00
6. Biowaste 384,50 32,04 5,93 20,65 64,84
6.1. | Food waste 71,40 5,95 0,24 0,84 297,50
6.2. | Waste from green spaces 296,50 24,71 5,58 19,43 53,14
6.3. | Other biodegradable waste 16,60 1,38 0,11 0,38 150,91
7. Wood 0,00 0,00 0,00 0,00 0,00
8. Textiles 54,00 4,50 0,83 2,89 65,06
8.1. | Clothing and footwear 23,60 1,97 0,37 1,29 63,78
8.2. Other textile materials 30,40 2,53 0,46 1,60 66,09
9. Was.te electrical and electronic 3,80 0,32 0,09 0,31 42,70
equipment
91, Iirlnr?sll municipal appliances and 3.80 0,32 0,09 031 42,70
9.2. | Computer equipment 0,00 0,00 0,00 0,00 0,00




Waste

Sample volume,

Composition of

No. Name of the MW faction Weight, kg composition by i waste by Density kg/m’*
weight, % volume, %
9.4, | Lamps with low energy 0,00 0,00 0,00 0,00 0,00
consumption
10, | Vaste batteries and 1,27 0,11 0,00 0,00 1215,31
accumulators
11. Hazardous waste 14,83 1,24 0,13 0,44 116,96
11.1. | Fluorescent lamps 0,00 0,00 0,00 0,00 0,00
11,2, | Unused medicines and their 4,20 0,35 0,05 0,17 84,00
packaging
11.3. | Syringes 0,63 0,05 0,01 0,04 62,40
11.4. | Mineral oils (technical) 0,00 0,00 0,00 0,00 0,00
11.5. | Gas canisters 6,20 0,52 0,04 0,12 173,67
11.6. | Paint 1,60 0,13 0,01 0,03 160,00
11.7. | Other hazardous waste 2,20 0,18 0,02 0,07 104,76
12. Bulky municipal waste 0,00 0,00 0,00 0,00 0,00
13. Municipal C&D waste 10,80 0,90 0,06 0,21 180,00
13.1. | Concrete 0,00 0,00 0,00 0,00 0,00
13.2. | Asphalt 0,00 0,00 0,00 0,00 0,00
13.3. | Sawn timber 0,00 0,00 0,00 0,00 0,00
13.4. | Plasterboard 0,00 0,00 0,00 0,00 0,00
13.5. | Mixed construction waste 10,80 0,90 0,06 0,21 180,00
14. Residual municipal waste 156,10 13,01 0,61 2,12 255,90
15. Total 1200,00 99,99 28,72 100,00 41,79




2.2. Research results: single-family residential buildings

Route 2 “Single-family residential buildings”, selected:

Autumn 2024 - 8,610 kg for the period 21.10.24-24.10.2024 (4 days), sample 300 kg,
sample volume 3.77 cubic meters. The analysis was carried out on 25.10.2024.

Winter 2025 - 6,170 kg for the period 16.01.2025-22.01.2025 (7 days), sample 300 kg,
sample volume 4.86 cubic meters. The analysis was conducted on January 23, 2025.

Spring 2025 - 8,910 kg for the period April 13, 2025-April 15, 2025 (3 days), sample
300 kg, sample volume 6.49 cubic meters. The analysis was conducted on April 16, 2025.

Summer 2025 - 4,940 kg for the period July 21, 2025-July 23, 2025 (3 days), sample
300 kg, sample volume 7.08 cubic meters. The analysis was conducted on July 24, 2025.

According to the calculations, the main fractions by weight are (Fig. 2.3, Table 2.2.):

- biowaste 38.25%, of which green waste (grass, fallen leaves, branches) - 28.24%
slightly outweigh food waste - 5.66%, other biodegradable waste (toilet paper, faeces, etc.) -
2.43%, wood - 1.92%.

- Recyclable materials account for 30.14%: glass - 9.82%, paper and cardboard -
8.48%, certain types of plastic - 8.49% (bottles marked PET-1 - 5.16%, bottles marked
HDPE-2 - 1.45%, plastic packaging marked LDPE-4 (film) - 1.88%), packaging made of
ferrous metals (tin cans) - 1.35%, packaging and other products made of non-ferrous metals
(aluminum cans for food and beverages) - 1.1%, Tetra Pak packaging (mainly disposable
“paper” cups, which actually contain a layer of film) - 0.9%.

- Waste that cannot be recycled (reprocessed) or can be recycled only very rarely -
19.18%: repair waste - 5.88%, other plastic packaging and plastic - 4.08%, textiles - 2.63%,
other composite packaging (do-packs from ketchup, mayonnaise) - 2.43%, plastic packaging
marked PP-5 (yogurt cups, other dairy products) - 1.57%, electrical and electronic equipment
waste - 1.32%, bulky waste - 1.27%.

- residual waste that could not be separated - 11.33%.

- hazardous waste, including WEEE - 1.09%.
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Fig. 2.3. Distribution of mixed municipal waste from single-family residential
buildings in Kherson municipality in % of the total weight of the sample, September
2024 - July 2025



According to the calculations, the main fractions by volume are (Fig. 2.4, Table 2.2):

- plastic - 41.00%, of which 35.47% is subject to recovery (recycling) (bottles marked
PET-1 - 28.05%, bottles marked HDPE-2 - 3.31%, plastic packaging marked LDPE-4 (film) -
4.11%). Plastic waste that is not subject to or very rarely subject to recovery (recycling)
5.53%: other plastic packaging and unmarked plastic (in particular, children's toys) - 2.75%,
plastic packaging marked PP-5 (yogurt cups, other dairy products) - 2.30%, plastic marked 7
- 0.48%.

- other recyclable materials account for 23.51%: paper and cardboard - 16.69%,
packaging and other items made of non-ferrous metals (aluminum cans from food and
beverages) - 1.87%, Tetra Pak packaging - 1.73%, ferrous metal packaging (canned food
cans) - 1.61%, glass - 1.61%.

- biowaste 23.3%, of which green waste (grass, leaves, branches) - 20.48%, food waste
- 1.29%, other biodegradable waste (toilet paper, faeces) - 0.92%, wood - 0.61%.

- other waste that cannot be recycled or is very rarely recycled - 8.68%: other
composite packaging (ketchup and mayonnaise cartons, snack packaging) - 3.68%, textiles -
2.48%, WEEE - 0.95%, bulky waste - 0.88%, repair waste - 0.69%.

- residual waste that could not be separated - 2.38%.

- hazardous waste - 1.12%.
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Fig. 2.4. Distribution of mixed municipal waste from single-family residential
buildings in Kherson municipality in % of the total sample volume, September 2024 -
July 2025



Table 2.2. Results of the study of the morphological composition of the municipal waste from single-family residential buildings in

Kherson municipality in September 2024 - July 2025

Waste

Sample volume,

Composition of

No. Name of the MW faction Weight, kg composition by m’ waste by volume, Density kg/m®
weight, % %
1. Paper and cardboard 101,76 8,48 4,14 16,69 24,57
1.1. Paper packaging 3,56 0,30 0,03 0,12 118,67
1.2. Flat cardboard packaging 43,50 3,63 1,88 7,59 23,09
1.3. Cardboard (corrugated) 24,20 2,02 1,45 5,84 16,69
1.4. Office paper 26,80 2,23 0,24 0,95 114,04
1.5. Other paper 0,30 0,03 0,00 0,01 100,00
1.6. Other cardboard 3,40 0,28 0,54 2,18 6,30
2. Glass 117,80 9,82 0,40 1,61 294,50
2.1. Transparent glass packaging 92,40 7,70 0,28 1,13 330,00
2.2. Coloured glass packaging 25,40 2,12 0,12 0,48 211,67
2.3. Window glass 0,00 0,00 0,00 0,00 0,00
2.4. Ceramics 0,00 0,00 0,00 0,00 0,00
2.4 Other glass 0,00 0,00 0,00 0,00 0,00
3. Plastic 169,74 14,15 10,17 41,00 16,69
3.1. Bottles with PET-1 labelling 43,34 3,61 3,98 16,04 10,89
32, | Plastic packaging with PET-1 18,60 1,55 2,98 12,01 6,24
marking
3.3. Bottles marked with HDPE-2 17,40 1,45 0,82 3,31 21,22
34 Plasti'c packaging with PVC-3 0,00 0,00 0,00 0,00 0,00
marking
Plastic packaging marked
35 | Lpppa B 22,60 1,88 1,02 4,11 22,16
36, | Plastic packaging with PP-5 18,80 1,57 0,57 2,30 32,98
marking
3.7. Plastic packaging marked PS-6 0,00 0,00 0,00 0,00 0,00




Waste Sample volume Composition of
No. Name of the MW faction Weight, kg composition by i > | waste by volume, Density kg/m’*
weight, % %
3.8. Plastic with marking 7 0,40 0,03 0,12 0,48 3,33
39, | Otherplastic packaging 8,00 0,67 0,44 1,77 18,18
without labelling
3.10. | Other plastics 40,60 3,38 0,24 0,98 167,77
4. Composite packaging 40,00 3,33 1,34 5,42 29,76
4.1. Tetra pack type packaging 10,80 0,90 0,43 1,73 25,12
4.2. Other composite packaging 29,20 2,43 0,91 3,68 31,95
5. Metals 29,40 2,45 0,87 3,49 33,99
51 Packaging (containers) made of 16,20 135 0,40 1,61 40,50
ferrous metals
5. | Packaging (containers) made of 10,80 0,90 0,45 1,81 24,00
aluminium
5.3. Other ferrous metals 0,00 0,00 0,00 0,00 0,00
5.4. Other metals (non-ferrous) 2,40 0,20 0,02 0,06 160,00
6. Biowaste 436,00 36,33 5,63 22,68 77,47
6.1. Food waste 67,90 5,66 0,32 1,29 212,19
6.2. Waste from green spaces 338,90 28,24 5,08 20,48 66,71
6.3. Other biodegradable waste 29,20 2,43 0,23 0,92 128,07
7. Wood 23,00 1,92 0,15 0,61 151,32
8. Textiles 31,60 2,63 0,62 2,48 51,30
8.1. Clothing and footwear 24,20 2,02 0,57 2,30 42,46
8.2. Other textile materials 7,40 0,62 0,05 0,19 160,87
9. Waste electrical and 15,80 1,32 0,24 0,95 66,95
electronic equipment
91, S::SH municipal appliances and 7.20 0,60 0.16 0,66 44,17
9.2. Computer equipment 7,40 0,62 0,07 0,28 105,71




Waste

Sample volume,

Composition of

No. Name of the MW faction Weight, kg composition by i waste by volume, Density kg/m’*
weight, % %
94, | Lamps with low energy 1,20 0,10 0,00 0,01 400,00
consumption
10. Waste batteries and 0,24 0,02 0,00 0,00 2440,00
accumulators
11. Hazardous waste 12,85 1,07 0,28 1,12 46,36
11.1. | Fluorescent lamps 1,00 0,08 0,00 0,00 1000,00
112, | Unused medicines and their 4,80 0,40 0,04 0,16 120,00
packaging
11.3. Syringes 0,05 0,00 0,00 0,00 312,50
11.4. | Mineral oils (technical) 0,00 0,00 0,00 0,00 0,00
11.5. | Gas canisters 4,60 0,38 0,23 0,93 20,00
11.6. Paint 0,00 0,00 0,00 0,00 0,00
11.7. | Other hazardous waste 2,40 0,20 0,01 0,02 406,78
12. Bulky municipal waste 15,20 1,27 0,22 0,38 69,72
13. Municipal C&D waste 70,60 5,88 0,17 0,69 415,29
13.1. Concrete 0,00 0,00 0,00 0,00 0,00
13.2. Asphalt 0,00 0,00 0,00 0,00 0,00
13.3. Sawn timber 70,60 5,88 0,17 0,69 415,29
13.4. Plasterboard 0,00 0,00 0,00 0,00 0,00
13.5. | Mixed construction waste 0,00 0,00 0,00 0,00 0,00
14. Residual municipal waste 136,01 11,33 0,59 2,38 230,52
15. Total 1200,00 99,99 24,81 100,00 48,37




2.3. Research results: other sources of municipal waste generation

Route 3 “Other sources of household waste: enterprises, institutions, and
organizations,” selected:

Autumn 2024 - 1,820 kg for the period 15.10.24-21.10.2024 (7 days), sample 150 kg,
sample volume 2.92 cubic meters. The analysis was carried out on 22.10.2024.

Winter 2025 - 2060 kg for the period 14.01.2025-20.01.2025 (7 days), sample 150 kg,
sample volume 6.22 cubic meters. The analysis was carried out on 21.01.2025.

Spring 2025 - 1950 kg for the period 08.04.2025-14.04.2025 (7 days), sample 150 kg,
sample volume 4.79 cubic meters. The analysis was conducted on 15.04.2025.

Summer 2025 - 1830 kg for the period 15.07.2025-21.07.2025 (7 days), sample 150 kg,
sample volume 5.57 cubic meters. The analysis was conducted on 22.07.2025.

According to the calculations, the main fractions by weight are (Fig. 2.5, Table 2.3):

- secondary raw materials account for 55.15%: glass - 21.33%, certain types of plastic -
12.87% (plastic marked PET-1 - 7.13%, bottles marked HDPE-2 - 4.07%, plastic packaging
marked LDPE-4 (film) - 1.67%), paper and cardboard - 10.95%, ferrous metal packaging -
4.37%, packaging made of non-ferrous metals (aluminum cans from food and beverages) -
3.03%, Tetra Pak packaging (mainly disposable “paper” cups, which actually contain a layer
of film) - 2.6%.

- biowaste - 19.51%, of which: green waste (grass, leaves, branches) - 11.88%, food
waste - 6.23%, other biodegradable waste (toilet paper, faeces) - 0.8%, wood - 0.6%.

- waste that cannot be recycled or is very rarely recycled (reprocessed) - 15.37%: other
plastic packaging and plastics - 7.16%, textiles - 4.03%, waste electrical and electronic
equipment - 2.47%, other composite packaging (doe-packs from ketchup, mayonnaise,
snacks) - 1.07%, plastic packaging marked PP-5 (cups from yogurt, other dairy products) -
0.57%, repair packaging - 0.07%.

- residual waste that could not be separated - 6.99%.

- hazardous waste 2.98%.
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Fig. 2.5. Distribution of mixed municipal waste from the route 'Other sources of
municipal waste generation: enterprises, institutions and organisations" of Kherson
municipality in % of the total weight of the sample, September 2024 - July 2025

According to the calculations, the main fractions by volume are (Fig. 2.6, Table 2.3):



- plastic - 41.83%, of which 38.44% is subject to recovery (recycling) (bottles marked
PET-1 - 31.47%, bottles marked HDPE-2 - 3.38%, plastic packaging marked LDPE-4 (film) -
3.59%). In other words, PET-1 labeled bottles actually occupy 1/3 of the container. If they are
collected separately, the community can significantly save on the transportation of household
waste. Furthermore, even with separate collection, residents need to develop a culture of
compressing empty bottles so as not to transport air. Plastic waste that cannot be recycled (or
is very rarely recycled) - 3.39% - other plastic packaging and other plastic - 1.85%, plastic
packaging marked PP-5 (yogurt cups, other dairy products) - 1.23%, plastic packaging
marked PS-6 (yogurt cups, other dairy products) - 0.31%.

- other recyclable materials account for 37.27%: paper and cardboard - 25.63%, Tetra
Pak packaging (mainly disposable “paper” cups, which actually contain a layer of film) -
3.95%, ferrous metal packaging - 3.18%, non-ferrous metal packaging (aluminum cans from
food and beverages, snacks) - 2.36%, glass - 2.15%. In this case, there is a lot of cardboard,
which is not only recyclable but also takes up 1/4 of the bin.

- biowaste - 11.95%, of which green waste (grass, leaves, branches) - 10.0%, food
waste 1.69%, wood 0.21%, other biodegradable waste (toilet paper, feces) 0.05%.

- other waste that cannot be or is very rarely subject to recovery (recycling) - 7.13%:
other composite packaging (doipack from ketchup, mayonnaise) - 3.87%, textiles - 2.26%,
electrical and electronic equipment waste - 0.85%, repair waste - 0.15%.

- residual waste that could not be separated - 1.28%.

- hazardous waste, including WEEE - 0.55%.
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Fig. 2.6. Distribution of mixed municipal waste from the route ""Other sources of
municipal waste generation: enterprises, institutions and organisations" in Kherson
municipality in % of the total sample volume, September 2024 - July 2025



Table 2.3. The results of the study of the morphological composition of the municipal waste from other sources route in the Kherson
municipality in September 2024 - July 2025

Waste Composition of .
No. Name of the MW faction Weight, kg composition Sample ; | waste by volume, Dens1t3y
by weight, % volume, m % kg/m
1. Paper and cardboard 65,70 10,95 5,00 25,63 13,14
1.1. Paper packaging 0,00 0,00 0,20 1,03 0,00
1.2. Flat cardboard packaging 57,60 9,60 4,60 23,58 12,52
1.3. Cardboard (corrugated) 0,00 0,00 0,00 0,00 0,00
1.4. Office paper 7,10 1,18 0,17 0,85 43,03
1.5. Other paper 0,00 0,00 0,00 0,02 0,00
1.6. Other cardboard 1,00 0,17 0,03 0,15 33,33
2. Glass 128,00 21,33 0,42 2,15 304,76
2.1. Transparent glass packaging 66,40 11,07 0,24 1,23 276,67
2.2. Coloured glass packaging 61,60 10,27 0,18 0,92 342,22
2.3. Window glass 0,00 0,00 0,00 0,00 0,00
2.4. Ceramics 0,00 0,00 0,00 0,00 0,00
2.4 Other glass 0,00 0,00 0,00 0,00 0,00
3. Plastic 123,60 20,60 8,16 41,83 15,15
3.1. Bottles with PET-1 labelling 41,60 6,93 5,96 30,55 6,98
3.2. Plastic packaging with PET-1 marking 1,20 0,20 0,18 0,92 6,67
3.3. Bottles marked with HDPE-2 24,40 4,07 0,66 3,38 36,97
3.4. Plastic packaging with PVC-3 marking 0,00 0,00 0,00 0,00 0,00
3.5. Plastic packaging marked LDPE-4 10,00 1,67 0,70 3,59 14,29
3.6. Plastic packaging with PP-5 marking 3,40 0,57 0,24 1,23 14,17
3.7. Plastic packaging marked PS-6 0,00 0,00 0,06 0,31 0,00
3.8. Plastic with marking 7 0,00 0,00 0,00 0,00 0,00
3.0. Other plastic packaging without labelling 7,40 1,23 0,30 1,54 24,67




Waste

Composition of

No. Name of the MW faction Weight, kg composition Sample ; | waste by volume, Dens1t3y
. volume, m kg/m
by weight, % %
3.10. Other plastics 35,60 5,93 0,06 0,31 593,33
4. Composite packaging 22,00 3,67 1,53 7,82 14,43
4.1. Tetra pack type packaging 15,60 2,60 0,77 3,95 20,26
4.2. Other composite packaging 6,40 1,07 0,76 3,87 8,48
5. Metals 44,40 7,40 1,08 5,54 41,11
5.1. Packaging (containers) made of ferrous metals 26,20 4,37 0,62 3,18 42,26
5.2. Packaging (containers) made of aluminium 18,20 3,03 0,40 2,05 45,50
5.3. Other ferrous metals 0,00 0,00 0,00 0,00 0,00
5.4. Other metals (non-ferrous) 0,00 0,00 0,06 0,31 0,00
6. Biowaste 113,50 18,92 2,29 11,74 49,56
6.1. Food waste 37,40 6,23 0,33 1,69 113,33
6.2. Waste from green spaces 71,30 11,88 1,95 10,00 36,56
6.3. Other biodegradable waste 4,30 0,80 0,01 0,05 480,00
7. Wood 3,60 0,60 0,04 0,21 90,00
8. Textiles 24,20 4,03 0,44 2,26 55,00
8.1. Clothing and footwear 21,20 3,53 0,38 1,95 55,79
8.2. Other textile materials 0,00 0,00 0,06 0,31 0,00
9. Waste electrical and electronic equipment 14,80 2,47 0,17 0,85 89,37
9.1. Small municipal appliances and parts 10,80 1,80 0,12 0,62 90,00
9.2. Computer equipment 0,80 0,13 0,01 0,03 160,00
Televisions and other devices containing a
93, cathode ray tube g 3,20 0,53 0,04 0,21 80,00
9.4. Lamps with low energy consumption 0,00 0,00 0,00 0,00 0,00
10. Waste batteries and accumulators 4,00 0,67 0,00 0,02 1334,33
11. Hazardous waste 13,85 2,31 0,10 0,53 133,95
11.1. | Fluorescent lamps 0,00 0,00 0,00 0,00 0,00




Waste Sample Composition of Density
No. Name of the MW faction Weight, kg composition ; | waste by volume, s
by weight, % volume, m % kg/m
11.2. Unused medicines and their packaging 7,20 1,20 0,06 0,31 118,03
11.3. Syringes 0,04 0,01 0,00 0,00 416,67
11.4. | Mineral oils (technical) 0,00 0,00 0,00 0,00 0,00
11.5. Gas canisters 6,20 1,03 0,03 0,16 198,08
11.6. Paint 0,40 0,07 0,01 0,03 80,00
11.7. Other hazardous waste 0,01 0,00 0,01 0,03 1,67
12. Bulky municipal waste 0,00 0,00 0,00 0,00 0,00
13. Municipal C&D waste 0,40 0,07 0,03 0,15 13,33
13.1. Concrete 0,00 0,00 0,00 0,00 0,00
13.2. Asphalt 0,00 0,00 0,00 0,00 0,00
13.3. Sawn timber 0,00 0,00 0,00 0,00 0,00
13.4. | Plasterboard 0,00 0,00 0,00 0,00 0,00
13.5. | Mixed construction waste 0,40 0,07 0,03 0,15 13,33
14. Residual municipal waste 41,95 6,99 0,25 1,28 167,80
15. Total 600,00 99,99 19,51 100,00 30,76




2.4. Average data of municipal waste composition for the autumn season

According to the calculations, the main fractions by weight are (Fig. 2.7, Table 2.4):

- secondary raw materials account for 40.37%: glass - 13.73%, certain types of plastic -
11.6% (plastic marked PET-1 - 6.58%, bottles marked HDPE-2 - 2.39%, plastic packaging
marked LDPE-4 (film) - 2.63%), paper and cardboard - 9.4%, ferrous metal packaging (tin
cans) - 2.48%, packaging made of non-ferrous metals (aluminum cans from food and
beverages) - 1.7%, Tetra Pak-type packaging (mainly disposable “paper” cups, which actually
contain a layer of film) - 1.46%.

- biowaste 33.11%, of which green waste (grass, leaves, branches) - 23.5% prevails
over food waste - 7.11%, other biodegradable waste (toilet paper, feces, animal carcasses) -
1.61%, wood - 0.89%.

- Waste that cannot be recycled or is very rarely recycled (reprocessed) - 13.88%:
textiles - 3.79%, other plastic packaging (in particular, vacuum packaging) and other
unmarked plastics (in particular, children's toys) - 2.77%, repair waste - 2.73%, other
composite packaging (do-packs from ketchup, mayonnaise, snacks, sweets) - 1.76%, bulky
waste - 0.51%, waste electrical and electronic equipment (WEEE) - 1.17%, plastic packaging
marked PP-5 (yogurt cups, other dairy products) - 1.07%, plastic packaging marked PS-6
(yogurt cups, other dairy products) - 0.08%.

- residual waste that could not be separated - 11.15%.

- hazardous waste, including waste batteries and accumulators (WBA) - 1.5%, of which
gas cylinders - 0.51%, medical - 0.5%, others - 0.28%, WBA - 0.18%, fluorescent lamps -
0.03%. Although hazardous waste usually accounts for up to 1% of the mass of household
waste, this season it was 1.5 times higher, and its separate collection is very important for
protecting the environment and the health of community residents.
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Fig. 2.7. Distribution of mixed municipal waste in Kherson municipality in % of
the total weight of the sample, September 2024 - July 2025

According to the calculations, the main fractions by volume are (Fig. 2.8, Table 2.4):

- plastic 39.77%, of which 35.02% is recyclable (plastic marked PET-1 - 27.36%,
bottles marked HDPE-2 - 3.18%, plastic packaging marked LDPE-4 (film) - 4.48%). Plastic
waste that is not subject to or very rarely subject to recovery (recycling) - 4.76%: other
plastic packaging and unmarked plastic (in particular, children's toys) - 2.63%, plastic



packaging marked PP-5 (yogurt cups, other dairy products) - 1.88%, plastic packaging
marked PS-6 (yogurt cups, other dairy products) - 0.25%.

- Other recyclable materials account for 30.77%: paper and cardboard - 22.52%, Tetra
Pak packaging (mainly disposable “paper” cups, which actually contain a layer of film) -
2.3%, ferrous metal packaging (tin cans) - 2.16%, non-ferrous metal packaging (aluminum
cans from food and beverages) - 1.95%, glass - 1.84%.

- biowaste - 19.23%, of which green waste (grass, leaves, branches) - 17.27%, food
waste - 1.22%, other biodegradable waste (toilet paper, feces, and animal carcasses) - 0.48%,
wood - 0.26%.

- other waste that is not subject to or very rarely subject to recovery (recycling) -
7.55%: other composite packaging (do-packs from ketchup, mayonnaise, snacks, sweets) -
3.64%, textiles - 2.58%, waste electrical and electronic equipment (WEEE) - 0.67%, repair
waste - 0.36%, bulky waste - 0.3%.

- Residual waste that could not be separated - 1.99%.

- hazardous waste, including waste batteries and accumulators (WBA) - 0.70%, in
particular gas cylinders - 0.41%, medical - 0.22%, other - 0.07%, WBA - 0.01%.
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municipality in September 2024 - July 2025

Table 2.4. The results of the study of the morphological composition of the municipal waste, average indicators for the Kherson

Waste Composition of
. .. Sample volume, . s
No. Name of the MW faction Weight, kg | composition by o waste by volume, Density kg/m
weight, % %

1. Paper and cardboard 281,86 9,40 16,45 22,52 17,14
1.1. Paper packaging 11,16 0,37 0,23 0,31 48,52
1.2. Flat cardboard packaging 179,70 5,99 11,58 15,86 15,51
1.3. | Cardboard (corrugated) 40,90 1,36 3,48 4,76 11,75
1.4. Office paper 39,50 1,32 0,50 0,68 79,00
1.5. Other paper 5,20 0,17 0,05 0,07 106,12
1.6. Other cardboard 5,40 0,18 0,61 0,83 8,93
2. Glass 412,00 13,73 1,34 1,84 306,78
2.1. Transparent glass packaging 264,30 8,83 0,81 1,11 326,91
2.2. Coloured glass packaging 146,20 4,87 0,53 0,73 275,85
2.3. Window glass 0,00 0,00 0,00 0,00 0,00
2.4, Ceramics 0,00 0,00 0,00 0,00 0,00
2.4 Other glass 1,00 0,03 0,00 0,00 333,33
3. Plastic 465,59 15,52 29,04 39,77 16,03
3.1. Bottles with PET-1 labelling 170,84 5,69 16,58 22,70 10,30

Plastl.c packaging with PET-1 26,70 0.89 3.40 4,66 7,85
3.2. marking
3.3. Bottles marked with HDPE-2 71,75 2,39 2,32 3,18 30,93

Plastl.c packaging with PVC-3 0,00 0,00 0,00 0,00 0,00
3.4. marking
3.5. Plastic packaging marked LDPE-4 78,80 2,63 3,27 4,48 24,10

Plastl.c packaging with PP-5 32,20 1,07 1,37 1,88 23,50
3.6. marking
3.7. Plastic packaging marked PS-6 2,30 0,08 0,18 0,25 12,78




Waste Sample volume Composition of
No. Name of the MW faction Weight, kg | composition by P i > | waste by volume, Density kg/m*
weight, % %

3.8. Plastic with marking 7 0,40 0,01 0,12 0,16 3,33

Other'plastlc packaging without 16,40 0.55 0,98 1,34 16,73
3.9. labelling
3.10. | Other plastics 66,20 2,21 0,82 1,13 80,54
4, Composite packaging 96,70 3,22 4,34 5,94 22,29
4.1. Tetra-pack type packaging 43,80 1,46 1,68 2,30 26,07
4.2. Other composite packaging 52,90 1,76 2,66 3,64 19,89
5, Metals 125,30 4,18 3,01 4,12 41,69

Packaging (containers) made of 74,40 2.48 1,58 2.16 47,09
5.1. ferrous metals

Packgg}ng (containers) made of 4610 1,54 1,35 1,85 34,15
5.2. aluminium
5.3. Other ferrous metals 0,00 0,00 0,00 0,00 0,00
5.4. Other metals (non-ferrous) 4,80 0,16 0,08 0,10 63,58
6. Biowaste 966,45 32,22 13,85 18,96 69,79
6.1. Food waste 213,30 7,11 0,89 1,22 239,66
6.2. Waste from green spaces 704,95 23,50 12,61 17,27 55,90
6.3. | Other biodegradable waste 48,20 1,61 0,35 0,48 138,51
7. Wood 26,60 0,89 0,19 0,26 138,54
8. Textiles 113,80 3,79 1,89 2,58 60,34
8.1. Clothing and footwear 71,40 2,38 1,32 1,81 54,09
8.2. Other textile materials 39,40 1,31 0,57 0,77 69,61

Was.te electrical and electronic 35,15 1,17 0,49 0,67 71,65
9. equipment

Small municipal appliances and 22.50 0,75 037 0.51 60,48
9.1. parts
9.2. Computer equipment 8,20 0,27 0,08 0,10 109,33




Waste Composition of
. . . Sample volume, .
No. Name of the MW faction Weight, kg | composition by i waste by volume, Density kg/m*
weight, % %

Televisions and other devices
9.3. containing a cathode ray tube 3,20 0.11 0,04 0,05 80,00

Lamps with low energy 1,25 0,04 0,00 0,00 347,22
9.4. consumption
10. Waste batteries and accumulators 5,52 0,18 0,00 0,01 1330,76
11. Hazardous waste 39,61 1,32 0,51 0,69 78,09
11.1. | Fluorescent lamps 1,00 0,03 0,00 0,00 1000,00

Unuseq medicines and their 14,40 0,48 0.15 021 9536
11.2. | packaging
11.3. Syringes 0,71 0,02 0,01 0,01 68,69
11.4. | Mineral oils (technical) 0,00 0,00 0,00 0,00 0,00
11.5. | Gas canisters 15,29 0,51 0,30 0,41 51,48
11.6. | Paint 2,00 0,07 0,02 0,02 133,33
11.7. | Other hazardous waste 6,21 0,21 0,03 0,05 188,75
12. Bulky municipal waste 15,20 0,51 0,22 0,30 69,72
13. Municipal C&D waste 81,80 2,73 0,26 0,36 314,62
13.1. | Concrete 0,00 0,00 0,00 0,00 0,00
13.2. | Asphalt 0,00 0,00 0,00 0,00 0,00
13.3. Sawn timber 70,60 2,35 0,17 0,23 415,29
13.4. | Plasterboard 0,00 0,00 0,00 0,00 0,00
13.5. | Mixed construction waste 11,20 0,37 0,09 0,12 124,44
14. Residual municipal waste 334,42 11,15 1,45 1,99 230,64
15. Total 3000,00 99,99 73,03 100,00 41,08




Conclusions

The purpose of this study was to obtain reliable data on the morphological composition

of municipal solid waste (MW) in the Kherson Municipality. The results obtained are a
fundamental basis for developing an effective local waste management plan (LMWP) and
making informed decisions by local authorities, in particular:

Planning and implementing an information and communication campaign among
waste producers.

Selecting appropriate technologies and facilities for MW treatment, including
construction or public-private partnerships.

Determining technical parameters for composting stations, waste transfer stations,
sorting lines, etc.

Identifying the largest waste producers for establishing priority cooperation.
Providing visual materials (photo report) for educational and information campaigns
in the community.

Key proposals for the local waste management plan
Based on the results of the study of the morphological composition of MW in the

Kherson Municipality for the period from September 2024 to August 2025, we propose to
include the following measures in the MWMP, which are consistent with the principles of the
Regional Waste Management Plan for the Kherson Region (RWMP) [3] and the National
Waste Management Plan (NWMP) [4].

Priority management of biowaste

Large-scale information and communication campaign: Organize an ongoing
campaign for community residents on the benefits of individual and community
composting. This is particularly relevant as biowaste accounts for 33.11% by weight
and 19.23% by volume of all municipal waste, and in single-family housing, where all
the conditions for composting are in place, these figures are even higher — 38.25%
by weight and 23.3% by volume.

Advantages of composting: This measure will not only help reduce waste volumes,
but also increase the safety of utility workers, reduce transportation costs, reduce the
size of the landfill by almost 3, and prevent fires (caused by methane emissions
during the decomposition of biowaste). In addition, the resulting compost is a
valuable natural fertilizer.

Promising solutions: Propose the construction of a centralized composting station for
the treatment of biowaste from apartment buildings, organizations, and institutions.

Introduction and development of separate collection of secondary raw materials
Mandatory and expedient: Introduce and continuously develop a separate waste
collection system. This is not only a legal requirement (Law of Ukraine “On Waste
Management”) [5], but also economically, environmentally, and socially expedient,
since secondary raw materials account for a significant share of municipal waste —
40.37% by weight and 65.79% by volume.

Inefficiency of waste incineration plants: According to the study, biowaste and
secondary raw materials account for a total of 73.48% by weight and 85.02% by
volume. According to the law, this waste must be recovered (recycled), which makes
the construction of waste incineration plants inefficient.



https://zakon.rada.gov.ua/laws/show/2320-20#Text
https://zakon.rada.gov.ua/laws/show/2320-20#Text

e Proposals for recovery facilities: Consider the possibility of creating the following in
the Kherson Municipality:

- A waste sorting line for sorting already separately collected waste.

- Facilities for recycling PET-1 plastic.

- Other types of recyclable materials (glass, paper, cardboard) should be sent for
recycling to existing enterprises on the basis of public-private partnerships.

e Recyclable fractions: By weight, the largest share is made up of: glass (13.73%),
certain types of recyclable plastic (11.6%), and paper and cardboard (9.4%). In terms
of volume, certain types of recyclable plastic (35.02%), in particular PET-1 (27.36%),
and paper and cardboard (22.52%) dominate.

e Inappropriateness of sorting mixed waste: The construction of a waste sorting line for
mixed waste is contrary to current legislation, as such raw materials are contaminated,
which reduces their value and suitability for recycling.

Reducing the volume and disposal of specific waste

e Waste compression: Launch a permanent communication campaign on waste
compression at the point of generation, especially PET bottles, which account for
almost '3 of the community's MW volume. This simple action will significantly
reduce logistics and waste transportation costs.

e Reuse and repair: The creation of municipal reuse and repair centers is mandatory for
settlements with a population of over 50,000, according to the NWMP [4]. Fractions
such as textiles (3.79% by weight) and repair waste (2.73% by weight) have
significant potential for such centers.

e Incentives for the largest producers: Establish cooperation and economic incentives
for the largest waste producers (e.g., Nova Poshta for LDPE-4 bags and disposable
cup manufacturers) to reduce their quantities and improve recyclability. In the long
term, the introduction of a deposit-refund system is proposed.

e Separate collection of hazardous waste: Organize the collection of hazardous waste,
including waste batteries and accumulators (WBA), in public places such as
administrative service centers, social security offices, supermarkets, and banks. This
is particularly important as hazardous waste accounts for 1.5% by weight, which is
above the average for Ukraine, and its separate collection is critical for protecting the
environment and public health.

Taking into account seasonal fluctuations and non-standard situations
Analysis of results for different seasons revealed significant fluctuations in waste
composition, which must be taken into account when planning a management system:

e Biowaste: The highest percentage is observed in autumn and spring due to the mass
collection of fallen leaves and green waste. This confirms the feasibility of
introducing separate collection of biowaste for organized composting.

e Secondary raw materials (by weight): The largest share of secondary raw materials
was recorded in the summer months, which may be due to increased consumption of
beverages packaged in glass and plastic.

e Atypical situations: During the research, non-standard findings were recorded that
should be taken into account in communication campaigns:

- Autumn 2024: Three cats were found in a bag in mixed waste. This indicates a
problem of animal cruelty and the need to inform the population about the
inadmissibility of such actions.



Winter 2025: In private households where residents were unable to leave waste on
the street due to constant shelling, a large amount of non-recyclable waste was
recorded. This indicates the impact of military aggression on the waste management
system.

Spring 2025: A significant increase in the volume of biowaste exceeding the norm
and a large amount of clothing were detected. This indicates the need for a biowaste
collection system and a textile reuse point.

Summer 2025: The largest volume of waste was plastic, in particular PET-1, which
once again highlights the importance of the campaign to compress PET bottles at the
point of generation.

Improving infrastructure and management with regard to RWMP

Municipal reuse center: Introduce the mandatory creation of a municipal reuse and
repair center, as the population of the Kherson Municipality exceeds 50,000 people.
This meets the requirements of the National Waste Management Plan until 2033 and
will contribute to the achievement of the goals set out in the Regional Waste
Management Plan for the Kherson region.

Taking into account the consequences of hostilities: Develop a separate section in the
MWMP on the management of waste from destruction caused by military actions,
taking into account the experience gained in the winter and summer seasons. This is
fully in line with the principles of the MWMP, which emphasizes the need to adapt
the system to the environmental challenges of wartime.
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Annexes



Annex 1. Population dynamics of Kherson municipality (by administrative units,

2022-2024)
Type of A number of people as of:
Naf“e of.the . administrative

administrative unit unit 01.01.2022 01.04.2023 | 01.092023 | 17.05.2024
Kherson city 279131 68907 73658 70895
Antonivka village 12619 3500 4760 4579
Zelenivka village 5713 2960 3376 3192
Komyshany village 6737 4572 4748 4599
Naddnipryanske village 1039 360 358 368
Bohdanivka village 515 228 330 300
Petrivka village 337 190 230 228
Sadove village 1286 550 480 350
Stepanivka village 4486 2200 2750 2754
Blahovishchenske village 196 111 118 105
Zymivnyk village 1090 1207 1256 1063
Inzhenerne village 1336 395 595 495
Molodizhne village 947 360 440 430
Prydniprovske village 139 2 0 0
Priozerne village 1416 1052 1039 1024
Sonyachne village 765 405 540 487

Municipality together: 317752 86999 94678 90869




Annex 2. Order on the establishment of a commission to determine the
morphological composition of municipal waste in Kherson municipality

I J A AILPE

65019, M. OJIECA,

BYJL KAMAHIHA, 16A/5, KB, 155
MOE. 096 01 33 999

UAS13220010000026000300055039 %
B AT « YHIBEPCAJT BAHK», M. KHIB 'Yy
M@0 322001 TITH 3283600308 .‘:

TLUIATHHK €11 3A CTABKOIO 5%

HAKA3 Ne 01
Bin 01.10.2024 p.

3 METOK Opranizaili BHKOHAHHA JOCTIIKEHHA 3 BHIHAYCHHA MOPPONOrIHHOIO CKIAY NOGYTOBHX BIIXO/IB
Xepconcskoi TepHTOpIanbioi rpomain 1A peanisaumii npoexty «Micta Hyns Binxonis B Yipainin, B pamkax
nporpami LIFE Ha BHKOHAHHS rPaHToBOrO J0roBopy (kouTpakty) Nel01148232-LIFE23-PRE-UA-LIFE-ZWC-
UKRAINE 13 European Climate, Infrastructure and Environment Executive Agency (CINEA), syanosiano 1o
MeToan4HIX pekoMeHallii 3 BH3naden us Mopdoaoridkoro ckaaay nobyrosux siaxoais ta Jlorosopy Ne 07
30/08/2024 mix ITPOMAJICEKOIO CTINIKOIO “YKPAIHCBKHH AJILSIHC HYJIb BIXO/IB™, koa
CIPIIOY 42830021, B ocodi Cuaopenxo Codii-lOni Anaroniisnu, sxa aie na niacrasi Craryty
- “Zamosunk”, Ta PI3HYHOIO OCOBOIO-TTINPHEMIIEM Kosanenko Bikropis Bikropisna, Ko/ 3a
CJIPTIOY 3283600308 - “Bukonaseis’” nakazyw:

Creoputi creuiaibiy KOMICHO 100 BH3Hadenus mopdonorivnoro cknany noGytosux siaxoais (nam -
Crnewansiy KOMICIIO) 3 NPeACTABHHKAMM:

+  Xepeoncskol Michkol BilicskoBol aaminicrpauii

o JlenapramedTy 3aXHCTY JOBKLLIA T4 NPHPOAHKX PecypeiB HAMAILHHKY YHPABJiHHA 3anosianol
CHPABH TA CKOHOMIKA NpHpoloKopucTyBanns Xepeoneskoi obaacnoi jepxasnol aaminicrpanii

«  KII “Exonogic”

» llepesiznnka nobyrosnx siaxoxis 8 Xepconenkiii rpomani - KIT “Ilapkn Xepcona™

« llpodinsuoi rpomagcskoi opranizanii - I'O “Exoaoriani nopnnn™

Komnomy 3 npeacrasnnkis naficaatn Jluer 13 sanpouennsasm 1o pobotn y cknam Cnemiansiol komici

B poGoti Cneniansrol KoMicii 3anianyBati 2 3yCTpidi; BCTYIHY Ta NABEJACHHS PE3VIILTATIB A0CTIDKCHHS
Berynuy sycrpiu sanaanyearn wa 9 swosrus 2024 poky o 14:00 roamnui na Zoom naardopmi:
https://usO6web.zoom. us/i/8215 131060 ?pwd=dmVDTWINVzlveUlwTlza2NOOQ 1 Zxdz09& omn=82425729505

Lnenrudixarop kondepenuii: 8215131060
[Tapons: 999000

Dlanana ocoba-nnmpHeMens B.B. KoBajieuko




Annex 3. Routes for municipal waste sampling

Route 1 "Multi-apartment residential buildings": Neftovykiv 15-a; Neftovykiv 9;
Rabocha 209, 78-a, Sv. Cyril and Methodius 15/2, Lavrenova 7, 7a,3a, ave. Budivelnykiv 4,
27a, Sretenska 21, Komkova 76 b,c, 80a, 90, 92, 94 k1-4, 77a, 83, Freetown 151, 153a, 78
k2, Sretenska 58a, Vasyla Stusa 45, Komarova 6/29, Luhova 33, 22, 22a, Uvarova 8,6, 4,
Mykolaivske Shosse 15, Filatova 37, Arktichna 7, Sadova 13-b, Rabocha 76a, Komarova 2,
200letniya Kherson Ave. 200-richniya Kherson 2, 2, 16, 20, 20, 25, 26, 26a, Vyshneva
157/71, 26, 49th Division 22-A, 22-A, 49th Division / 200-richniya Kherson avenue, 49th
Division 10-a, 200-richniya Kherson avenue 40-b, 38 korp7, 38 korp 4, 38 korp 5, 38 korp 8,
38 korp 6

Route 2 "'Single-family residential buildings'': O. Rusova 2, 3,4, 5,6,7,8,9,10, 12,
14, 15, 16, 1. Karpenko Karoho 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 15, 17, 19, Dmytro
Markovych 2, 3, 4, 5,6, 7, 8,9, 10, 13, 14, 16, 19, Smolenskogo lane. 71, 67, Zelenivka, 10
Stepova Street, Zelenivka, 5 B. Khmelnytskoho Street, 3, 6 A. Hrabenko Street.

Route 3 "Other sources of municipal waste generation: enterprises, institutions and
organisations": 1. 63 Ushakova Ave. Kherson Regional Clinical Hospital/First Bakery of
Your City - 2. 7 Mayakovskoho St., Aroma Kava Coffee Shop - 3. 141 1. Kulyk St., Zooskat
Pet Shop, Nazva Grocery Store - 4. Kulyk 139/4, Beer Mug shop - 5, Senyavina Avenue, Aist
grocery store - 6, 200th anniversary of Kherson Avenue, 32, Delikat grocery store, Aroma
Kava coffee shop, Faina clothing store, Tvoi Zhovili shop - 7. Mykolaivske Shosse 26,
Paradise cafe - 8, Nekrasova St. 2a, service station - 9, 200-richniya Kherson Ave. 24-a,
Forelis grocery store, 200-richniya Kherson Ave. 24g ATB-Market
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