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Abstract: One of the most significant and growing negative pressures on the environment is the 

amount of generated waste. Surprisingly, the literature on this topic is mainly focused on monitoring 

the waste weight instead of volume, which is crucial for waste management in urban space. This paper 

is dedicated to this issue in two ways. First of all the study shows the difference in waste generation 

rates monitored in Poznań - a major city in Poland, during one year of field research focused on waste 

volume and its relationship to administrative data about waste weight. Secondly, it describes the 

volume-weight relationship based on the collection point sensors and a dynamic weighing system 

installed on a garbage truck and proposes a more accurate weight to volume conversion method. 
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1. Introduction 

The efficient management of municipal solid waste (MSW) in large cities is a challenge due to 

their significant and continuously increasing share in the global human population. Despite the 

developing technologies and continuously expanding operational knowledge, a precise prediction of 

the amount of waste generated by their residents poses many difficulties. 

Many papers have tackled various aspects of this problem at a regional scale [1–3]. The analysis 

unit used in these studies ranges from a city to an entire country through region/province. In some 
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cases, the studies concentrate on settlement areas based on building type [4–6], and only rarely the 

phenomenon of waste generation is investigated at a household level [6–8]. 

This deficit of studies on waste generation patterns at a household level also influences the type 

of indicators used for measuring the waste generation. When the precision of waste monitoring reaches 

the point of waste collection, two types of models estimating waste generation may be applied: volume-

based and weight-based. The volume is generally the most straightforward solution for guiding Pay-

As-You-Throw (PAYT) management strategies [9]. Nevertheless, obtaining weight information is 

easier, primarily when larger waste collection areas are used. The regulations in different countries 

such as the US [10] or the EU countries [11], requiring from local municipalities to report the weight 

of generated wastes, not volume, support this trend. Some attempts have been made to develop 

frameworks for more effective monitoring and efficient local waste management policies by increasing 

the accuracy of control and incorporating volumetric information into daily practice [12,13]. However, 

they remain in the sphere of recommendations, not official regulations, and consequently data on the 

volume of waste is typically not collected, which presents a challenge to research in the field of MSW 

management. The limited literature on the subject shows that waste volume is not considered at 

all [1,3], although knowledge about it may be crucial for effective planning.  

From the technical standpoint there is no shortage of monitoring techniques, which could enable 

efficient waste management at the city scale. There are multiple advanced methods that rely on 

Information and Communication Technologies (ICTs) allowing for precise determination of the 

amount of generated waste, but they are rarely used as data sources in forecasting models [14]. The 

advanced methods that optimize waste collection routes, minimize waste overflow and reduce system 

costs based on waste volume rather than weight [15–17]. Different system architecture designs 

applying GSM (Global System for Mobile Communications from fr. Groupe Spécial Mobile) 

technologies, wireless sensor networks, or even the Internet of Things (IoT) have been proposed in 

order to collect this type of information [18]. It should also be emphasized that precise knowledge 

about the amount of waste generated at collection points opens the possibility for including geospatial 

data in spatial-temporal waste management analysis, which is crucial for effective MSW 

management [19] 

Nevertheless, the mentioned-above technologically advanced solutions remain too expensive, and 

only a small number of municipalities in a median income country such as Poland can afford them [20]. 

Thus, the information about waste volume is rarely incorporated into public administration and 

national sustainable development policies [22].  

This situation is additionally exacerbated by reporting obligations, which emphasize waste 

weight [21]. As a result, volume (rather than weight) monitoring is related to additional measurements 

that are costly and time-consuming. Given that none of the reviewed studies has dealt with the issue 

of using waste weight as the basis for waste management planning, the central question for this research 

becomes: is it reasonable to base waste management planning at a city scale solely on general 

knowledge about the weight of generated waste?  

The presented study addresses this question by examining the range of differences that may occur 

in analysis results based on different methods of collecting information about the weight and volume 

of waste. The study shows the results of field measurements of MSW volume conducted in one of the 

largest Polish cities using an ultrasonic sensor in a selected area. The collected information is compared 
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with authoritative data about weight waste generation published by the local administration. 

Additionally, the weight-volume relation is investigated based on the volume information obtained 

with sensors and the actual weight measured by a dynamic weighing system installed on a garbage 

truck. Finally, to enable the comparison between waste weight and volume, a probabilistic conversion 

method from waste weight to volume is proposed. 

2. Material and methods 

2.1. Case study area 

Poznań is one of the largest Polish cities in terms of area (261.91 km2) and population density 

(2082 people/km2 -according to the data provided to us by the Poznań City Hall in 2013, when the 

study began). It is also highly diversified in terms of the building type - there are five types 

distinguished by Urban Atlas in terms of population density. It is also one of the best-examined cities 

in terms of municipal waste generation due to the relatively recent investment into a large-scale waste 

incineration facility. Consequently, detailed quantitative and qualitative analyses for the design of the 

incinerator [5] are an ideal reference point for checking the effectiveness of the measurement methods 

presented in this paper. They provide useful complementary information to seasonal variability for the 

whole city that can be determined based on reports provided monthly by waste collection companies. 

The studies conducted by Mamełka [5] focused on areas diversified in terms of the building type, 

following the existing guidelines in Poland [12], which also served as a reference point for the 

presented herein research. When creating the detailed rules of diversification, the German experience 

described in the guide 'Best Practice Municipal Waste Management,' reissued by Bilitewski et al. in 

2018, was also considered. 

Additionally, the building types used in this research were defined using the following criteria: 

type I - high-rise apartment buildings (8 floors or more) - multi-family housing where smaller 

households dominate, premises with a small area hindering selective waste collection; often equipped 

with chute chambers, type II - low-rise building (multi-family housing in downtown or buildings up 

to 7 floors) - more diverse in terms of both the size of households and the size of the premises; often 

compact buildings, making it more difficult to locate more selective collection points; no chute 

chambers, type III - single-family or multi-family housing - large premises and favorable conditions 

for segregation (especially selective collection "at source"), as well as additional possibilities for 

biodegradable waste recovery (home composters). 

Using this classification, Poznań was divided into 342 areas. Of these, 44 were classified as "other 

areas" (e.g., agricultural land, forests) and were excluded from further research. The rest was identified 

as one of the above housing types: 24% were type I, 44% were type II, and 32% were type III (Figure 

1).  

Most inhabitants of Poznań live in low-rise buildings. The median population density in this 

dwelling type is 10’566 inhabitants/km2, according to the data provided by the Poznań City Hall. Three 

out of ten areas with density values between 10’000–11’000 were in one of the housing cooperatives, 

located in the northern part of Poznań. All three were operated by one waste collection company, which 



578 

AIMS Environmental Science  Volume 7, Issue 6, 575–588. 

enabled monitoring the filling of containers with waste at a similar time. Therefore, seasonal variability 

measurements were carried out in all three areas (Figure 2).  

 

Figure 1. Location of a) study area relative to Polish borders; b) adopted division 

into building types within the city’s administrative boundaries and sample photos.  

 

Figure 2. The locations of monitored points in the chosen research areas. 

The chosen areas were characterized by typical low-rise buildings with a small presence of 

commercial and service outlets. Due to the closeness of the Adam Mickiewicz University Campus, 

they were also more often than other areas inhabited by students, who are a significant group of city 

residents generating waste in Poznań - over 121 000 students in 2013, which amounts to almost 240 
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students per 1000 inhabitants. Thus, the chosen areas guarantee that this group’s impact on the amount 

of generated waste is considered.  

2.2. Field research of household waste with the ultrasonic sensor  

Measurements of the volume of waste are made based on the assessment of the level of container 

filling. They can be made based on modern technologies such as ultrasonic sensors [16,17] or 

imaging [23]. The sensors allow for more precise measurements and direct transmission of information 

about the level of fill-in waste container with the help of GSM / GPRS technology or wireless network. 

A cheaper, but less accurate method used in Poznań [5] is the visual assessment of the level of fill by 

a researcher. In this research, the decision was made to combine the accuracy of ultrasonic sensors 

with traditional fieldwork based on visual assessment. 

The mobile ultrasonic sensors, specially designed for this study, were used to measure the average 

level of fill-in waste containers based on the distance separating the sensor from the surface of the 

waste (Figure 3.). Each sensor was mounted on a measuring pole, moved from container to container 

by a researcher. The data was recorded on an SD (secure digital) card. This semi-automated approach 

reduced data collection costs and minimized the risk of sensor theft or destruction. 

 

Figure 3. The diagram shows the idea behind measuring the level of waste fill with 

the sensor positioned at the top of the container, where: hw - the waste height, hc - the 

height of the container, d - the distance between the sensor and the surface waste 

(dimensions are in mm); pressing the button starts the measurement.  

The waste volume Vw can be calculated based on the measurement results and the container 

dimensions using the Eq 1 where: hc- the height of the container, hw - the height of the waste fill level. 

𝑉𝑤 =
ℎ𝑐 − 𝑑

𝐻𝑐
× 𝑉𝐶 =

ℎ𝑤

ℎ𝑐
× 𝑉𝑐 (1) 

For comparison purposes, the volume needed to be expressed as a waste generation rate 

(dm3/capita/day). It was calculated with the Eq 2 for each monitored point containing the n number of 

the containers. The calculations included the number of days D elapsed since the last waste disposal 

and the number of people using the collection point PA (based on administrative data: The data 



580 

AIMS Environmental Science  Volume 7, Issue 6, 575–588. 

regarding the number of people living at adres points were taken from the Civil Affairs Department of 

the City Hall Poznan).  

𝑤𝑎𝑠𝑡𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
∑ 𝑉𝑤𝑖

𝑛
𝑖=1

𝐷 × 𝑃𝐴
 (2) 

The measurements were carried out daily at constant times, one week per month, on the monthly 

basis throughout 2014.  

2.2.1. Volume to weight comparison 

The information about monitored seasonal variability was compared with citywide waste 

generation rates expressed by the weight observed monthly in Poznań in 2014. Those data (henceforth 

called administrative data) were compiled by the municipal waste and sanitation authority in Poznań. 

Direct comparison between volume and weight requires weight to volume conversion, but there is no 

simple way to do it. The US Environmental Protection Agency published the conversion factors for 

different types of waste, including mixed municipal waste [24]. They are, however, very general and 

do not take into account the distinction between rural and urban municipalities, which highly vary in 

terms of waste generation rates [25], and do not consider different building types distinguished in this 

research. There are also no universal conversion factors for Poland. The report created for the planning 

needs of a waste incineration plant in Poznań contained information about waste density [5]. It was, 

however, calculated only based on the summary results of volume to weight conversion measurements 

done at collection points in four test areas. Thus, the data obtained in 2008 may not represent the entire 

city, and they do not take into account the local diversity of waste density. Therefore, no direct 

conversion between weight and volume was used to compare the seasonal variability in the amount of 

generated waste. Instead, we calculated the ratio of monthly waste generation to the annual average. It 

was done for both weight and volume. Thanks to this, it was possible to identify months, in which the 

amount of generated waste was higher/lower than the average. Separate comparisons were made for 

weight data and the volume of waste to establish whether the indicators would differ significantly. 

2.2.2. Determining the volume to weight ratio 

Important information for the interpretation of results is the weight of waste to their volume ratio 

obtained with ultrasonic sensors’ help. It can be calculated only by comparing waste volume to weight 

at the given collection point. It requires precise measurements with a dynamic weighing system 

installed on garbage trucks. Given that the garbage trucks equipped with the dynamic weighting system 

were only operating outside Poznań in Pobiedziska - a small town located 30 km north-east from the 

city, the comparison of weight to volume ratio was made with the data from 34 collection points in 

Pobiedziska obtained in September 2014. The area where the collection points were located was 

characterized by a low-rise building type similar to the research area chosen in Poznań, but with a 

lower number of inhabitants. The obtained waste density distribution was analyzed with descriptive 

statistics in R. It was also compared with theoretical distributions and densities of waste in Poznań [5]. 

Those additional measurements allowed checking the range of possible waste density values and 

illuminated the discussion of results obtained in Poznań.  
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3. Results 

The comparison of volumetric waste generation rates obtained from three research areas with the 

administrative data shows differences in the variability of waste weight and volume collected monthly 

(Figure 4). The significance of those differences was checked with Wilcoxon signed-rank exact test (V 

= 78, P-value = 0.0005) appropriate for small samples.  

Generally, both the volume and weight of waste are characterized by lower values in winter and 

an increase in the amount of waste generated in spring. However, in the case of volume, the jump in 

values recorded in the spring-summer season of 2014 compared with the annual average was more 

significant than it would appear from the administrative data on waste weight. In the latter case, the 

waste weight in the summer months was average, and the values above the average were observed 

only in the autumn of 2014.  

Detailed analysis of these results shows that differences in volumes observed for each month were 

statistically significant, which was confirmed by the Kruskal-Wallis test (H = 22.7901, P-value = 

0.01892). The average values of waste generation rates obtained for individual months ranged between 

3.33 and 4.63 dm3/capita/day. The lowest mean and median values of waste volume were observed in 

April, while the most significant increase was in July. The most significant differences between the 

observations made at individual collection points were also observed mainly in summer. The volume 

values measured in each of the nine monitored points ranged from 0.32 to 12 dm3/capita/day. While 

the weight of waste shows slight fluctuations, the difference between the smallest and largest recorded 

values is only 0.26 kg/capita/day. Unfortunately, the method of reporting information about waste 

generation by the company collecting waste does not allow for examining the scale of variability 

between different areas of the city within one month (Table 1).  

 

Figure 4. The comparison of volumetric waste rates obtained in tested areas (the 

average of the measurements done during field research) with weight rates observed 

in the city of Poznań in 2014 (based on administrative data). 

The obtained differences in waste volume should not be related to the applied measurement 

method. If this were the case, we would expect that a direct comparison of the measured volume to the 
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actual weight of waste would give completely random results. However, additional measurements from 

Pobiedziska show that the distribution of density values obtained with the same sensors is regular 

(Figure 5). It is very similar to normal distribution as confirmed by various normality tests: Shapiro-

Wilk (W = 0.97204, P-value = 0.52), Shapiro-Francia (W = 0.96654, P-value = 0.3161), Anderson-

Darling (A = 0.30715, P-value= 0.5448), Lilliefors (D = 0.086536, P-value = 0.7473), and Pearson 

chi-square (P = 2, P-value = 0.9197). The mean and median values are also similar (0.124 and 0.121 

dm3/capita/day, respectively). However, the probability resulting from the tests ranges between 32% 

and 92%, and other basic descriptive statistics (skewness = 0.55 and kurtosis = 0.45) are not typical 

for normal distribution. Thus it is not necessarily the best description of the relationship between the 

weight and volume of waste. 

Table1. Seasonal variability of waste generation rates expressed in terms of volume and 

weight. 

Source of data: Field research (dm3/capita/day)a Reported data (kg/capita/day)b  

Month Mean Median SD Total 

January 3.87 3.78 1.11 0.82 

February 3.64 3.38 1.15 0.77 

March 3.59 2.99 0.86 0.85 

April 3.33 2.83 1.47 0.90 

May 4.59 3.67 1.58 0.89 

Jun 3.71 3.06 1.46 0.87 

July 4.63 4.09 1.87 0.90 

August 4.30 3.90 1.50 0.85 

September 3.69 3.41 0.95 0.95 

October 3.44 3.04 1.17 1.03 

November 4.47 3.76 1.59 0.89 

December 3.99 3.76 1.87 1.02 

Notes: a - results of field research done in all collection points during week time each month; b - the 

weight of waste collected by the local authorities in each month; blue color - the lowest value, red 

color - the highest value.  

An additional test conducted with the distribution fitting software (EasyFit) enabled checking 48 

other theoretical distributions for the data at hand. The fitting quality of empirical to theoretical 

distributions was assessed using three criteria: Kolmogorov-Smirnov, Anderson-Darling, and Chi-

square. It turned out that the Wakeby distribution shows the best empirical to theoretical fit based on 

the first two criteria. It is also the fourth best distribution according to the Chi-square criterion, while 

the normal distribution was 7th, 26th, and 26th, respectively, according to the three criteria. This 

observation is important for the accuracy of estimating the amount of waste based on statistical 

methods. 
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4. Discussion  

4.1. Volume-weight relationship 

The distribution of waste density values obtained from measurements in Pobiedziska, showing 

significant similarity to the Wakeby distribution, indicates a certain asymmetry of the obtained results. 

Although highly concentrated around the average, as indicated by the value of kurtosis, they are 

slightly positively oblique. This indicates a more frequent occurrence of a situation, in which a larger 

volume of waste is related to a smaller weight than would be theoretically expected. The question 

arises whether or not this situation has been confirmed in the subject literature. The issue is confounded 

by limited field research about the relationship between volume and waste density. In the Poznań 

agglomeration, the most accurate source of knowledge in this respect is the mentioned study from 

2008 [5]. 

 
Figure 5. The comparison of the density distribution of waste resulting from fieldwork 

carried out in Pobiedziska in September 2014 with the data from Poznań* (Mamełka, 

2008), marked on the graph by red dashed lines. The grey line shows the graph of Wakeby 

distribution fitted to measurement data. 

Unfortunately, data about volume and weight from 2008 were generalized for the entire research 

area. Therefore, the distribution of density values for individual collection points, which would be 

crucial for comparative purposes, can not be established. We see only a slight shift in the density of 

waste received in select areas in 2008 towards higher values. The range of waste density values 

obtained from the individual collection points in Pobiedziska varies from 0.05 to 0.23 kg/dm3, while 

the values based on the aggregated data from Poznań range between 0.085 and 0.211 kg/dm3 [5] 

(Figure 5). The comparison of average waste densities shows a similarity between Pobiedziska and 

Poznań with the average densities of 0.15 kg/dm3 (Poznań) and 0.12 kg/dm3 (Pobiedziska). The slight 

difference may be explained by the discrepancy in average household income, which is crucial for the 

observed generation rates [25]. The per capita income in Poznań 

(https://poznan.stat.gov.pl/vademecum/vademecum_wielkopolskie/portrety_miast/miasto_poznan.pd
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f ) is PLN 6007 in Poznan and PLN 4045 in Pobiedziska 

(https://poznan.stat.gov.pl/vademecum/vademecum_wielkopolskie/portrety_gmin/powiat_poznanski/

gm_pobiedziska.pdf) according to the data of the Statistical Office in Poznań. It may also be the 

consequence of changes in waste production behavior in Polish society resulting from the 2011 update 

in the law regulating disposal and utilization of municipal wastes. The regulations have imposed waste 

utilization fees promoting recycling and waste-conscious behavior at the household level. 

However, small differences between the results obtained in Pobiedziska and Poznań in 2008 [5] 

support the reliability of the measurement method. They also indicate that mixed municipal waste 

volume does not increase linearly with the increase in their weight. The most significant difference 

between those two indicators is when containers are barely full (which means that the volume of waste 

is about 1100 dm3). That was the case of 14 containers, in which the weight of waste ranged from 60 

to 250 kg. Therefore, it is the first signal that municipal waste management policy solely based on 

weight information is insufficient, which is corroborated by the analysis of seasonal variability. 

4.2. Seasonal variability of waste generation 

Waste generation rates vary significantly on the monthly bases, depending on whether they are 

expressed in weight or volume. This may be due to the research area, in which the seasonal variability 

was analyzed, since only one of three building types was taken into account. Nevertheless, a similar 

study on the seasonal variability of waste volume that was carried out in recent years in a single-family 

housing in Białystok [26] did not indicate this. Białystok is a city in Poland with a similar to Poznań 

administrative status, but almost half the area and the number of inhabitants as in Poznań. The results 

of research mentioned above show that the most significant amount of waste is generated in the spring 

season followed by summer. The authors explain it by the increased number of cleaning and renovation 

projects resulting in the amount of waste collected - mainly disposable plastic packaging that affects 

the volume of waste. Such activities occur less often in autumn and the least in winter, which directly 

impacts the observed fill level of wastes in containers. Grygorczuk-Petersons and Wiater [26] indicate 

that in terms of the volume of waste in single-family housing, the autumn-winter season is less 

important. Therefore, the differences in seasonal variability of generated waste expressed in volume 

and weight are unlikely to be the function of a specific study area. 

Thus, it is more likely that the seasonal variability was caused by the change in the morphological 

composition of waste varying throughout the year [5,27]. The most significant contributing factor can 

be the share of plastics in the total waste stream. The research carried out in Poznań in 2007–2008 

showed that plastics constituted a significant part of mixed waste [5]. The study conducted by Gómez 

et al. [27] during the months of April, August, and January showed that the largest share of plastic 

packaging fallout occurred in August (from 5% to almost 10% depending on examined socio-economic 

level). It was significantly higher than in the other two examined months (for which obtained values 

varied from 2.5% to about 4%). Therefore, it is probable that the share of plastics increased the volume 

of waste in the summer months while this increase was not reflected in the administrative data 

concerning weight. It follows that creating a waste collection system based on waste weight 

information or converting weight into volume using simplistic conversion factors can lead to erroneous 

conclusions. 
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4.3. Effective waste management in urban space 

Differences between the weight and volume of generated waste may be less significant when entire 

agglomerations are analyzed using aggregated waste data. However, effective waste management 

planning occurs at the local level with the accuracy of a housing estate or collection point. In this case, 

the precision of estimation is of great importance for waste management. The costs related to waste 

collection, transport, and subsequent utilization depend on it. In Poland, since the responsibility for 

waste collection and utilization has been transferred to local authorities in 2011, the correct estimation 

of costs and their fair passing on to customers (residents) is still a challenge. The Market Analysis 

Department report [28] indicates that although many years have passed since the changes were fully 

implemented, municipal budgets for waste management are still unbalanced. According to the report, 

in 10% of municipalities the inhabitants' fees cover at most 75% of expenses. This means that at least 

some of the municipalities contribute less than their fair share to the system. This drives the need to 

increase the garbage collection fees on all. 

Such a situation has also occurred in Poznań, where the waste collection fees for residents have 

risen above the reasonable level. The problem would have been less acute if the city based its system 

on one of the Pay-As-You-Throw models [9], which would allow for the equitable distribution of costs 

and optimal estimation of the actual amount of garbage generated by different collection areas of the 

city. However, such solutions are expensive. Moreover, the presented results show that the range 

estimates of the level of container fill in individual locations can fluctuate greatly, making the forecasts 

based only on the weight of waste prone to error. 

Additionally, the analysis described herein showed that the conversion of weight to volume solely 

based on an individual conversion factor does not reflect the whole variability of waste density. That 

is confirmed not only by the data from Poznań [5]. The range of density values provided by the US 

Environmental Protection Agency [24] is even narrower, ranging from 0.15 to 0.18 kg/dm3. It yields 

the difference of 0.03 kg/dm3 between the smaller and the larger value of the conversion factor, which 

is only less than 17% of the total variability shown in Pobiedziska. Thus, when volume or weight is 

estimated based solely on one or two conversion factors, it is difficult to arrive at the full range of 

density variability, which can be important when planning waste management at the city level. 

A solution to this problem might be the application of simulation methods. We propose that 

conversion relies on Monte Carlo simulation based on a theoretical distribution presenting the best fit 

with empirical data. In the example presented earlier in the paper, this would be the Wakeby 

distribution. Thus, the results are not limited to a few values but are represented by a range of probable 

values whose distribution and statistics can be compared to field data. This method was used in the 

doctoral dissertation [29], and its effectiveness will be described in the forthcoming publications. 

5. Conclusions 

The weight of MSW is the primary information collected by administrative units in charge of 

waste management, but in and of itself, it is insufficient for effective waste management planning. The 

results show that volume (which is the leading indicator of waste container filling) and weight 

accumulation rates vary significantly by seasons. Some months were characterized by a greater weight 
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of generated waste, while other months were dominated by greater volume. In the latter case, the 

containers were the most filled with waste during the summer months, most likely related to the larger 

amount of plastic packaging thrown away in mixed waste containers than during the other months. 

The summary of information on weight and volume also shows that we can indirectly infer significant 

changes in the morphological composition of waste from monitoring both these indicators. In turn, this 

information would allow for more effective monitoring of the effectiveness of the conducted selective 

collection programs. Identifying the months or collection points associated with large variations in 

weight and volume of waste would facilitate learning about the potential sources of problems related 

to irregularities in the collection carried out and the search for appropriate solutions. 

Moreover, the presented study indicates that estimating the waste volume based on their weight 

with universal conversion factors may be misleading, since waste density varies depending on the 

waste morphological composition. We have shown that this can cause differences in the density of 

collected waste from 0.05 to almost 0.25 kg / dm3. Meanwhile, the MSW management is based on 

information about the weight of the collected waste. That can directly translate into many 

environmental problems associated with waste management, such as overfilled waste containers that 

pollute the urban landscape. Estimation errors due to weight-based systems can also lead to an incorrect 

estimate of the municipal waste collection budget. However, monitoring the filling of containers with 

waste is time-consuming, thus the alternative way of weight-volume conversion has been suggested.  

The topic raised in the paper requires further work. More attention should be paid to other methods 

that enable monitoring of both weight and volume of waste. The distribution of waste density at 

different locations should be analyzed and the potential of probabilistic methods for more effective 

estimation of waste container filling should be examined. The presented differences between weight 

and volume of waste indicate the relevance of this topic. Moreover, precise information of volume 

creates new possibilities for more efficient waste management at the city level based on spatial 

analysis. However, this potential has been so far neither fully exploited by scientists nor practitioners.  
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