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1. 

INTRODUCTION
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Food waste is defined as food and associated inedible parts removed from the human food supply 
chain in the following sectors: manufacturing of food products (under certain circumstances); 
food/grocery retail; food services; and households. “Removed from the human food supply chain” 
means one of the following end destinations: landfill, controlled combustion, sewer, litter/dis-
cards/refuse, co/anaerobic digestion, compost / aerobic digestion or land application1.

Within overall waste management systems, the emphasis is set on defining the appropriate solu-
tions for different individual waste flows. In this context, food waste has been marked as one 
of the most important waste streams, since inappropriate management of this waste category 
can have a potentially high negative impact on environment and human health. UNEP’s first Food 
Waste Index report estimates that food waste from households, retail establishments and the 
food service industry totals 931 million tons each year, of which nearly 570 million tons occurs at 
the household level.

These high generation rates mean that significant resources such as soil, water and energy used 
in food production are utilized in vain, and greenhouse gas emissions from the production of food 
that later turns into waste, thus represent useless emissions2. Landfilling of food waste togeth-
er with other municipal solid waste categories leads to generation of leachate and landfill gas 
(mainly consisting of the greenhouse gases methane and carbon dioxide), which significantly 
contributes to environmental degradation. The situation is compounded even further if the nat-
ural resources used to produce food that is never actually consumed are taken into account as 
well as the greenhouse gases emitted across the lifecycle of uneaten products. For example, a 
kilogram of rice not consumed represents a waste of between 1,000 and 3,000 liters of water 
used for its production: this already considerable footprint is even higher if nutrients are lost 
and the methane emitted from the paddy field are added to the equation. According to the FAO3, 
food waste is responsible for 4.4 billion tons of globally emitted CO2eq greenhouse gases (GHG) 
annually, or around 8% of total GHG emissions.

1   United Nations Environment Programme, UNEP Food Waste Index - Report 2021
2    Parfitt J, Barthel M and Macnaughton S (2010) Food waste within food supply chains: quantification and potential for change to 

2050. Philosophical Transactions of the Royal Society B: Biological Sciences 365, 3065–3081
3    Food and Agriculture Organization of the United Nations (FAO) (2015) Food wastage footprint & climate change. Available at:  

http://www.fao.org/3/a-bb144e.pdf

INTRODUCTION1. 
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In order to decrease the environmental impact of food production and consumption, the United 
Nations (UN) in 2015 defined sustainable development goals including a specific target related to 
food waste. Sustainable Development Goal 12.3 (SDG 12.3) specifies a commitment to halve food 
waste at the retail and consumer level and to reduce food loss across supply chains. 

Accordingly, in 2016 the European Commission (EC) established the “EU Platform on Food Losses 
and Food Waste” with the aims of defining measures needed to prevent food waste, sharing best 
practice and evaluating progress made over time. The achievement of UN sustainable develop-
ment goals, prevention of food losses and waste, and efforts to turn food waste into a resource 
were included as a part of European Circular Economy Action Plan (EC 2015).

The starting point for establishing a sustainable solution for food waste management, and intro-
ducing circular economy principles, is to have reliable information on its current generation and 
other physical characteristics. Quantification of food waste is considered a crucial prerequisite 
for achieving sustainable management of food waste along the food chain. This information en-
ables the implementation of adequate policies for waste reduction, the observation of changes 
in food waste generation patterns and the monitoring of levels of defined goal achievements. 
Similarly, data about qualitative and quantitative characteristics of food waste is essential for 
reliable planning, as well for the monitoring of prevention, reduction and other related waste 
management strategies.

In the City of Belgrade, until recently, the majority of generated municipal solid waste (including 
food waste) ended up at non-compliant landfill, causing high environmental problems. This land-
fill has been operating for more than 40 years and does not meet Serbian or EU standards for 
sanitary landfills, representing thus source of pollution of groundwater, air and surrounding soil. 
In order to improve the waste management system, a new sanitary landfill was built and started 
receiving municipal waste in August 2021, while a WtE plant should be constructed and operational 
from 2023. The closing of the old landfill site after remediation and stabilization is planned to be 
finished by the end of 2023. Although the construction of a waste-to-energy plant and sanitary 
landfill will significantly improve the standard of energy recovery and waste disposal in Belgrade, 
there is still a lack of equipment and infrastructure for waste collection, transport and treatment 
of single waste streams in line with modern good practice. Currently, source separation and sub-
sequent treatment of food waste from households is not established at all and almost all of this 
flow (as a part of mixed municipal waste) is disposed of at the new sanitary landfill. There are 
some rare examples of companies4 that collect food waste from restaurants, pre-treat it in Ser-
bia, and then forward it to anaerobic digesters abroad for final treatment and energy production. 
Given that most households belong to apartment blocks type-homes composting in Belgrade is 
generally present at a negligible level. Examples of home composting which do exist are mainly 
related to the treatment of green/garden waste rather than food waste.

4   Esotron company - https://esotron.rs/
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Global food waste data availability and confidence in it is currently low, and measurement ap-
proaches have been highly variable. This report, i.e. measurement of the amount and morpholog-
ical composition of food waste from households, retail and food service in Belgrade supports the 
United Nations Environment Programme in testing and applying the Food Waste Index measure-
ment approach/methodology and supports Serbia in developing baseline data that can contribute 
to its SDG 12.3 reporting.

Figure 1.1 The process of food waste separation  
Photo: Center of excellence for circular economy and climate change
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2. 

DESCRIPTION 
OF USED  
METHODOLOGY
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Within the UNEP Food Waste Index Report, a three-level methodology is described. Level 1 uses 
modelling to estimate food waste and involves extrapolating data from other countries to estimate 
food waste in each sector for a given country. The estimates for these countries are approximate: 
they are sufficient to provide insight into the scale of the problem and to make a case for action, 
but inadequate to track changes in food waste over time. Level 2 is the recommended approach, 
and it involves direct measurement of food waste in countries, which generates primary data on 
actual food waste generation and fulfils the requirement for tracking food waste at a national 
level, in line with the SDG 12.3 target. The third level provides additional information and includes, 
for example, the disaggregation of data by destination, edible/inedible parts, gender, etc. 

Figure 2.1 Three-level methodology for the food waste index measurement proposed by UNEP

Quantification and characterization of food waste from households in Belgrade was performed 
using a direct measurement approach. In most cases, if accuracy and reliability of food waste 
information is a high priority, direct measurement methods (e.g. weighing) are preferable in com-
parison to indirect approaches.

The Belgrade waste management region consists of 14 municipalities and the first stage of the 
methodology was to choose representative municipalities in which waste samples would be col-
lected. Municipalities were selected considering income level (average salary), as well as the per-

DESCRIPTION OF  
USED METHODOLOGY2. 

LEVEL

•  Modelling and 
extrapolation

•  Provides approximate 
estimate

•  Not suitable for tracking 
purposes

2
•  Direct measurement of 

food waste
•  Sufficiently accurate for 

tracking

LEVEL

•  Additional information and 
disaggregation

•  Supports development 
of food waste prevention 
strategy

LEVEL1 3
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spective of housing types (individual households and households within apartment blocks). Fol-
lowing this approach, i.e. taking into account a combination of income and housing type criteria, 
4 municipalities for collection of samples were selected, enabling thus further projection of the 
obtained results on whole city. Municipalities: Novi Beograd, Stari Grad, Zvezdara and Surčin, were 
chosen as representatives for 3 following clusters:

• Novi Beograd & Stari grad: Average salary range (700 - 850 EUR), share of individual 
households vs. apartment block households (~ 0% - 10%)

• Zvezdara: Average salary range (500 - 700 EUR), share of individual households vs. 
apartment block households (~ 10% - 30%)

• Surčin: Average salary range (400 - 500 EUR), share of individual households vs. apart-
ment block households (~ 50% - 90%)

More detailed data about average salary and share of individual households vs. apartment block 
households in Belgrade municipalities are presented in Table 2.1 below.

Table 2.1 Proposed municipalities in Belgrade for sampling of household’s food waste

City  
Municipality

Average 
salary  

(EUR/month)

Share of 
individual HHs

Share of 
apartment 
block HHs

Total  
population Share of population

Vračar 826 4.0% 96.0% 57,607 3.8%

23.0%
Novi Beograd 800 2.6% 97.4% 213,742 13.9%

Stari grad 789 1.2% 98.8% 45,253 2.9%

Savski venac 731 7.6% 92.4% 35,732 2.3%

Voždovac 652 23.3% 76.7% 168,841 11.0%

63.7%

Zvezdara 645 14.6% 85.4% 165,739 10.8%

Čukarica 603 18.5% 81.5% 177,338 11.6%

Zemun 579 27.8% 72.2% 174,197 11.4%

Rakovica 568 9.6% 90.4% 108,198 7.1%

Palilula 566 20.8% 79.2% 183,003 11.9%

Surčin 450 74.4% 25.6% 46,406 3.0%

13.3%
Grocka 443 59.2% 40.8% 86,585 5.6%

Mladenovac 429 66.9% 33.1% 51,889 3.4%

Sopot 423 92.2% 7.8% 19,819 1.3%
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In order to determine a reliable generation rate of household’s food waste in Belgrade, it is pro-
posed to take food waste samples from at least 100 households and measure it for a period of 7 
days. According to the share of population (i.e. assumed food waste amount) within the observed 
groups of municipalities, the following distribution/collection of 100 samples for quantification 
and characterization of food waste from households was proposed (Table 2.2).

Table 2.2 Distribution of samples collection within chosen municipalities

City  
Municipality

Samples from  
individual HHs

Samples from  
apartment block HHs Total samples

Vračar

25
Novi Beograd

5
15

Stari grad 5

Savski venac

Voždovac

60

Zvezdara 15 45

Čukarica

Zemun

Rakovica

Palilula

Surčin 10 5

15
Grocka

Mladenovac

Sopot

100 samples

Before the measurement process began, randomly selected households based on defined criteria 
were asked to participate in project activities and separate bags for storage of daily generated food 
waste were delivered. In short, the main steps for determination of food waste amounts included:

• Separate bags for storage of daily generated food waste were delivered to households 
in advance.

• Households were asked to dispose all the generated food waste in the observed day and 
to hand it over (next day) to staff from the project team in charge for collection/sorting 
of samples. This process was repeated for 7 days.
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• Each collected bag was appropriately marked (e.g. identification number of household, 
area/housing type, date, etc.) and the weight was measured with a manual electronic 
scale. Data were filled in the defined recording sheet.

• All collected bags/samples were delivered to the sampling location (previously defined 
with the support of PUC “Gradska čistoća”).

In this way, average daily & weekly food waste generation rate per household and per capita (for 
4 different selected municipalities) was calculated, with a possibility for further rates projected 
on an annual basis.

Figure 2.2 Collected and sorted samples from households 
Photo: Center of excellence for circular economy and climate change
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The next step was to perform sorting and analysis of the morphological composition for all daily 
collected food waste samples/bags (separately for each municipality and housing sector). The 
operation of sorting/analysis was performed by 3-5 workers and technician/engineer in charge 
of supervision of the process. All food waste samples were separated manually in 6 different 
fractions (each fraction being weighed separately). Monitored food waste categories for sorting 
analysis, were:

•	 Bread & pastry (e.g. bun, muffin, pie, pasta, etc.)
•	 Fruits (e.g. banana, lemon, orange, grapes, apple, etc.)
•	 Vegetables (e.g. potatoes, lettuce, beetroot, cabbage, etc.)
•	 Meat, fish and eggs/proteins (e.g. pork steak, chicken drumsticks, trout fillet, etc.)
•	 Milk and dairy (e.g. yogurt, sour cream, sour milk, etc.)
•	 Other (e.g. bones, noodles, sesame, mustard, etc.)

After 7 days measurement, the average composition of food parts for 4 representative municipal-
ities (divided also by housing types) was obtained.

Finally, based on clustering of all municipalities in Belgrade (Table 2.1) and using information 
about household size (number of persons per household) and total number of households (accord-
ing to housing type) in all city municipalities, a projected amount and composition of generated 
food waste for all households in the City of Belgrade was projected/estimated.
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3. 

OBTAINED  
RESULTS ON THE 
AMOUNT AND 
COMPOSITION  
OF FOOD WASTE
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3.1 QUANTITY

Based on the conducted measurements, results on the amount of generated food waste from 
households from 4 representative municipalities (divided by type of housing), on a daily and week-
ly basis were obtained. The data obtained by field measurements are shown in the following table.

Table 3.1  Number of households/citizens who participated in sampling and measured mass  
of food waste (kg/week)

City 
municipality

Number of daily collected 
samples/households

Total number of citizens in 
observed households

Measured weekly amount 
of food waste (kg/week)

Individual  
HHs

Apartment 
block HHs

Individual  
HHs

Apartment 
block HHs

Individual  
HHs

Apartment 
block HHs

Novi Beograd
5

15
15

40
13.4

84.6

Stari grad 5 16 30.0

Zvezdara 15 35* 43 79 52.7 193.0

Surčin 10 5 31 11 36.5 23.9

Total 30 60 89 146 102.6 331.5

*  The proposed number of samples/households from apartment block HHs in Zvezdara was 45. However, citizens in  
10 households haven’t (or only partly) participated in the measurement process and data missing or not reliable.

However, considering that the number of samples, i.e. households from which samples were taken, 
was different in relation to the observed municipality, the most relevant for comparison is to present 
results in the form of average production per capita. The following graph shows the data on the 
amount of generated food waste in 4 observed municipalities expressed in the form of kg/cap/year 
(projected from measured weekly amounts), both for individual and apartment block households.

OBTAINED  
RESULTS ON THE 
AMOUNT AND 
COMPOSITION  
OF FOOD WASTE

OBTAINED RESULTS  
ON THE AMOUNT  

AND COMPOSITION  
OF FOOD WASTE

3. 
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Graph 3.1 Generated food waste in 4 observed municipalities  
in relation to housing type (kg/cap/year)

By evaluating the data, it is evident that the rate of food waste generation in individual households 
is lower in relation to the amount generated within collective housing. However, since the share of 
collective housing in the observed municipalities is significantly more represented than individual 
housing, the total quantities at the level of the entire municipality (taking into account the share of 
observed types of housing) are much “closer” to the measured quantities for households within apart-
ment blocks. The highest projected rate of food waste generation on a municipal level was recorded 
in Zvezdara (118.2 kg/cap/year), while the lowest was in the municipality of Surčin (75.8 kg/cap/year).

Graph 3.2 Projected food waste generation rates in 4 observed  
municipalities on an annual level (t/year)
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If the obtained values on the amount of generated food waste are presented in absolute values, 
i.e. expressed in the form “tons per year” for each municipality, then the municipality of Novi 
Beograd has the largest generation rate of food waste with slightly more than 23,150 t/year, while 
lowest municipality of Surčin with 3,517 t/year, which is expected considering that Surčin has a 
relatively small number of inhabitants in relation to the other selected municipalities (Graph 3.2).

3.2  MORPHOLOGICAL COMPOSITION  
OF FOOD PARTS

Regarding the morphological composition of food waste, based on the obtained results of the 
analysis (Table 3.2), it can be concluded that the most dominant category in the composition of 
food waste are vegetable and fruit fractions, followed by “bread & pastry”, while other categories 
are less represented. Regarding the average composition in relation to the housing sector, no 
significant differences were observed, except in the case of the municipality of Stari grad where 
the fruit category was more dominant compared to vegetables (40.1% compared to 19.1%), which 
was not the case with other observed municipalities.

Table 3.2 Morphological composition of food waste in relation to housing type (%)

City 
municipality/
food waste 
categories

Novi Beograd Stari grad Zvezdara Surčin
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Vegetables 47.8% 44.2% 47.8% 19.1% 34.6% 39.1% 33.6% 42.4%

Fruits 35.0% 21.9% 35.0% 40.1% 25.1% 28.8% 26.7% 18.9%

Milk and dairy 2.6% 2.1% 2.6% 1.2% 2.9% 2.5% 5.2% 1.2%

Meat, fish and 
eggs 3.4% 10.8% 3.4% 15.5% 14.5% 13.3% 10.9% 13.3%

Bread and pastry 7.8% 9.3% 7.8% 13.2% 15.6% 12.3% 13.9% 11.2%

Other 3.4% 11.7% 3.4% 10.8% 7.2% 4.2% 9.7% 13.1%
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The comparison of the morphological composition of food waste at level of whole municipalities 
is shown at the Graph 3.3.

Graph 3.3 Projected food waste composition in 4 observed municipalities (%)
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The aforementioned results of amount and composition of food waste in defined 
representative municipalities can be used to project/estimate the total amount and 
average composition of food waste generated over the entire territory of the city of 
Belgrade. In line with the proposed clustering of municipalities based on salary and 
share of individual households vs. apartment block (Table 2.1) at least one selected 
municipality from the project was considered as a representative for the observed 
group of other municipalities. In other words, real data obtained within field analysis 
was projected to all other municipalities within the same group/cluster where meas-
urements were not taken.

4. 4. 

PROJECTION  
OF RESULTS  
ON THE  
CITY LEVEL
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According to measured and estimated data, the projections show that the household sector in 
Belgrade currently generates about 165,838 tons of food waste annually, which corresponds to 
108.1 kg per capita per year, or about 0.3 kg/day (Table 4.1).

Table 4.1 Projected results on food waste generation in the city of Belgrade (kg/cap/year and t/year)

City municipality
Food waste generation

kg/cap/year t/year

Vračar 101.6 5,853

Novi Beograd 108.3 23,158

Stari grad 97.1 4,392

Savski venac 99.7 3,562

Voždovac 112.9 19,060

Zvezdara 118.2 19,593

Čukarica 115.8 20,537

Zemun 110.1 19,182

Rakovica 121.2 13,114

Palilula 114.4 20,937

Surčin 75.8 3,517

Grocka 86.7 7,505

Mladenovac 81.3 4,220

Sopot 60.9 1,207

Total 108.1 165,838

PROJECTION  
OF RESULTS ON  
THE CITY LEVEL4. 
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Corresponding to the previous principle, the average composition of food waste for whole city of 
Belgrade can be obtained. Results show that the vegetable fraction is the most dominant with a 
total share of 38.1%, followed by the fruits category (27.4 %). Categories “meat, fish & eggs” and 
“bread & pastry” have relatively similar shares in total food waste (12.9 % and 12.3 % respectively), 
while “milk and dairy” have the smallest share, i.e. 2.5%. About 6.8 % belongs to other food waste 
fractions (Graph 4.1).

Graph 4.1 Average projected food waste composition in Belgrade (%)
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   Milk and diary

   Meat, fish and eggs

   Bread and pastry

   Other

38.1%
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6.8%
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As a part of the project, during sampling and measuring of food waste from households, surveys 
were conducted in order to classify different parts of food items into edible and associated inedi-
ble parts. Terms that are taken to define what is food waste and which part is edible and inedible, 
as well as the questions and methods of surveying were taken from the research of  Nicholes et 
al., 2019 5. Accordingly, food waste is defined as the sum of edible parts that are discarded and 
inedible parts associated with food already eaten or discarded.

Although other terms are used in the literature (e.g., ‘edible parts’ are also referred to as ‘(wasted) 
food’), these are the terms that fit most closely with the wording used in the questionnaires, cho-
sen to be easiest to interpret by research participants (i.e. the public).

The questionnaire contained 5 questions to identify self-reported information on which parts of 
food people eat and perceptions of the edibility of parts of foods. The first question (Which of these 
items do you eat, assuming they are appropriately cooked and in good condition?)  focused on which 
parts of food people report that they eat, while the second (Which of these items do you consider 
inedible and which could possibly be eaten, even if you don’t eat them yourself?) indicates which 
parts of these foodstuffs people regard to be edible (regardless of whether they eat them or not). 
These questions were the most important for the results, while another three were developed to 
ask the research participants whether they make stock from bones, how often they do this and to 
determine to what extent the respondent was responsible for the food preparation and cooking 
within the household. 

Each question is asked for sixteen parts of food, and in order to allow comparison between food 
items and questions, each response was attributed a ‘score’ to provide information relating to the 
edibility of a food item. A score of 1 was applied where a respondent had stated that an item is always 
consumed (in question 1) or perceived as edible under all circumstance (in question 2). In contrast, 

5    Nicholes MJ, Quested TE, Reynolds C, Gillick S and Parry AD, 2019. Surely you don’t eat parsnip skins? Categorising the edibility of 
food waste. Resources, Conservation & Recycling 147, 179-188

SURVEYS ON  
CLASSIFICATION OF  

FOOD ITEMS INTO  
EDIBLE AND ASSOCIATED 

INEDIBLE PARTS

5. 
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a score of 0 indicated that the item is never consumed or is perceived as inedible under all circum-
stances. Responses of “This is not relevant to me” for question 1 or “I have no opinion” for question 2 
were excluded from the calculations of average scores (Nicholes et al., 2019). 

The questionnaire was distributed to all households where the sampling and measuring of food 
waste was conducted, but feedback was received from 36 households. Results are presented in 
graphs further in the text.

Weighted responses, Question 1
Which of these items do you eat, assuming they are appropriately cooked  
and in good condition?

Graph 5.1 The weighted responses to Question 1
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Crusts of a slice of bread
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Apple skin

Apple core
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Broccoli stalk

Parsnip skin

Carrot skin

Potato skin

Bacon rind

Cooked chicken skin

0% 20% 40% 60% 80% 100%

   Never    Often
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The results for question 1 indicate that, of the items listed, crusts of bread, the end slices of a loaf 
of bread, apple skin and outer cabbage leaves had the highest levels of self-reported consump-
tion (Graph 5.1). About 94% of the respondents said that the crust and end slices of bread are 
always eaten, while for the apple skin and outer cabbage leaves this score is 42%. From half of 
the food listed, the response was polarized with one of the two most extreme answers suggesting 
that they either eat an item or don’t eat it. Exceptions were cooked chicken skin, apple cores 
and oil drained from a fish tin where most of responses were distributed between intermediate 
responses (often, occasionally).

Graph 5.2 Sum of responses for Question 1

The food items indicated as most consumed in question 1 (crusts of bread, the end slices of a 
loaf of bread, apple skin and outer cabbage leaves) were also indicated as the most edible in 
question. For bread, results show that all the respondents consider it edible under all circum-
stances, while for apple skin and outer cabbage leaves the percentage is also high (89% and 
94%). Results were less polarized than in question 1 with only five items considered edible or 
inedible under all circumstances.

   Never

   Often

   Occasionally

   Always

50.7%

17.5%

10.1%

21.7%
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Weighted responses, Question 2
Which of these items do you consider inedible, and which could possibly  
be eaten, even if you don’t eat them yourself?

Graph 5.3 The weighted responses to Question 2
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Graph 5.4 Sum of responses for Question 2

Two additional questions regarding the use of bones to make stock and the frequency of this 
practice were presented within the questionnaire. Of those surveyed, 25% of the population re-
port making stock from bones and 75% didn’t. Of those who reported making stock: 11% stated 
that they make stock every time that they have bones, 0% more than half the time, 33% about 
half the time, 11% less than half the time and 45% rarely.

Weighted responses, Question 3 & 4
Do you make stocks by boiling bones and if yes, how often do you make stock?

Graph 5.5 The weighted responses to Question 3&4

The level of responsibility that the respondent had for the preparation and cooking of food within 
the household was also investigated, and it was discovered that responses on self-reported con-
sumption and perceptions of edibility were not strongly correlated with the level of responsibility 
the respondent had for the preparation and cooking of food.
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