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Preface 

 

This combined report comprises four successive reports on solid waste characteristics, collection, treatment 

and management regulation in West Zone, Bangalore. The results of the reports are built on one another, 

but are also valid independently. Each study report contains an individual summary, hence an overall 

conclusion for all reports is not provided. 

In the following report, comprehensive analysis of the solid waste management system in West Zone, 

Bangalore is presented. It provides a detailed data basis for further planning steps as well as defines 

recommendations for system improvements and optimizations.  

It may serve decision makers, system planners, the Urban Local Body, stakeholders and the general public as 

a guideline for solid waste management and support the implementation of sustainable practices. 
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1 Introduction 

1.1 Municipal Solid Waste (MSW) Characterization Study 

For this exemplary waste characterization study the west zone of Bangalore city was chosen to 

characterize and analyze the type and composition of municipal solid waste which is representative for 

Bangalore. The study has high importance for planning the collection, transport, recycling and treatment 

systems. The study is limited to the municipal solid waste generated from Door-to-Door collection, litter 

spots and street sweepings. Biomedical waste, hazardous waste, construction & demolition waste and 

other waste which are separately collected and disposed either by the municipal authority or private 

contractors are not considered as they are not mixed with the municipal solid waste collection stream. 

The conducted methodology is developed based on Landesumweltamt Brandenburg, 1998, Zwiesele, 

2005, Büll et al., 2005, recommendations from the “Solid Waste Analysis tool” prepared by the European 

Commission, 2004 and professional experience of the ISAH. The methodology described in this study 

ensures a statistically correct sampling so that the waste across different strata is well represented. All 

the data about the study area required for developing the waste characterization methodology was 

provided by ‘The Forward Foundation (TFF)’, Bangalore. 

 

1.2 Definitions 

Stratum / Strata:  A stratum or stratification parameter is a more homogenous sub-population 

(i.e. certain range of population per square kilometre) of the in-homogenous 

parent population (i.e. population density of the entire study area), created by 

statistical subdivision. (EC, 2004) 

Waste Streams: Waste collected with different collection types (i.e. curbside collection, 

commercial collection, street sweeping) are defined as streams. 

Waste Categories: More homogenous sub-quantities of the studied waste stream, determined by 

certain distinguishing features like the type of material (i.e. plastics, organics). 

Defined as primary categories (i.e. organics) or further divided in sub-groups of 

the primary categories as secondary categories (i.e. yard waste, food waste). 

Waste Fractions:  Sub-quantities of a waste stream defined by segregation criteria such as 

particle size, calorific value, etc. Particle size is usually obtained by sieving with 

different mesh sizes (i.e. 10, 60 and 80 mm). 

Waste Quantities: Waste amounts measured in terms of weight or volume. The waste is 

determined as an absolute value but can be expressed with respect to 

population, time or strata (i.e.  kg/person,  kg/day or  kg/person).  

Waste Density: The density of waste describes the weight per volume. As the nature of waste is 

highly heterogeneous, the density of waste varies accordingly (i.e. between 

organics and plastics).  
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1.3 Objectives of the Study 

The main focus of the study is to achieve the following objectives: 

 Physical categorization and analysis of municipal solid waste from different strata and waste 

categories 

 Chemical analysis of waste from different strata and waste categories 

 Evaluation and analysis of the results and 

 Creating a scientific basis for a subsequent development of appropriate management inclusive 

treatment, resource recovery and disposal solutions. 

 

1.4 Legal Background and Framework 

Municipal solid waste in India is governed by the Solid Waste Management Rules, 2016 which briefly 

describes the collection, segregation, storage, transportation, processing and disposal of municipal waste 

generated in the municipalities (MoEF, 2016). 

E-waste, plastics, batteries, biomedical waste and hazardous waste are managed by separate rules and 

legislations i.e. (a) Plastic Waste Management Rules 2016, (b) E-waste (Management) Rules 2016, (c) 

Batteries (Management and Handling) Rules 2010, (d) Bio-Medical Waste Management Rules 2016, (e) 

Hazardous and Other Wastes (Management and Transboundary Movement) Rules 2016 and (f) 

Construction and Demolition Waste Management Rules 2016 (MoEF, 2016).  
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2 Study Area (West Zone, Bangalore) 

2.1 Population and Area 

Bangalore city has a population of around 10 million according to the Census of 2014. The city is under 

the jurisdiction of Bruhat Bengaluru Mahanagara Palike (BBMP) which is the municipal body. The 

administrative area is divided into 8 zones and 198 wards (BBMP, n.d.). The focus of this study is 44 

wards of west zone, Bangalore. For stratification purpose, the smallest area division based on polling 

booths of the assembly constituencies is considered. The total study area is 46.70 km
2
 consisting of 

1.248 polling booths with a population of 1.66 million. 

 

2.2 Current Waste Generation, Collection and Disposal System 

The per capita waste generation from households is assumed be approximately 350 g per day (BBMP, 

2008). The primary municipal solid waste collection system is by Door-to-Door collection. Waste is 

collected from the households by BBMP Pourakarmikas (PKs), private contractors or NGOs mainly 

through push-carts and auto tippers. It is then transferred to compactors or trucks and transported to 

the disposal points.  Due to various reasons, the waste which isn’t collected Door-to-Door end up in 

litter spots in street corners, vacant sites, etc. Most of the litter spots are however, cleared regularly.  

The waste generated through street sweeping is collected along with the primary collected waste. Some 

categories of waste such as newspapers, milk covers, etc. often don’t end up in this stream because they 

are collected separately mostly by the informal sector due to its economic value. Hazardous waste, 

biomedical waste, electronic waste or any other waste which is collected separately is not included in 

this study since they don’t enter the MSW collection system. However, if such waste generated in 

households is disposed into the primary collection stream, it is accounted in the waste characterization.  

Based on surveys (unpublished) by Forward Foundation, it is assumed that out of the total waste, Door-

to-Door system accounts for 50%, litter spots account for 30% and 20% from street sweeping. Thus, 

80% of the waste is from residential, small commercial establishments, street vendors, etc. collected 

either by Door-to-Door or litter spots. This is used to calculate the total waste volume required for the 

study in each stratum as explained in section 3. 
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3  Waste Characterization Methods 

3.1  Defining Waste Streams 

For waste characterization study, the entire waste management system needs to be classified based on 

generation or collection criteria. In this study, the area is categorized based on the following collection 

and generation mechanisms: 

Door to Door Collection (Residential): Most of the household level waste is collected by Door-to-Door 

collection system. BBMP waste collectors usually collect waste for these categories from residences 

(typically single family homes, apartments). This waste is primarily collected through collection autos 

and push-carts. It is assumed that 50% of the total waste is collected by this process. 

 

Figure 1: Existing Litter Spots in ward no. 101 

 

Litter Spots: Some household level waste, waste generated from small shops, vegetable market waste 

etc. is very often deposited on the road side, which are termed as litter spots (Figure 1). Litter spots are 

cleared irregularly, ranging from days to months. Majority of wards in this study area have a minimum 

of 40-50 litter spots. It is assumed that approximately 30% of the total waste is collected from litter 

spots.  

Street Sweeping: Non-residential wastes that are generated and collected from open spaces, streets, 

gardens, etc. belong to this category. Tree trimmings, sand and other inert are the major sources of 

waste in this category. It is assumed that street sweeping contributes 20% of the total waste of our 

study area. 

 

3.2  Stratification 

According to the EU SWA-Tool, stratification is the statistical subdivision of the in-homogenous parent 

population (i.e. waste arising from an area) into more homogenous sub populations. Each sub-division of 

the parent population is called strata. It also ensures that variation within strata is smaller than the 
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overall population variance, thus increasing the accuracy of the results. In this study, the main objective 

of stratification is to obtain result sets of waste composition in the stratum such as low, medium and 

high population density areas. The no. of samples from each stratum is chosen such that they are 

statically adequate and representative of the sample population. Without such stratification, the no. of 

sample required to well represent the whole population will be much larger. 

 

3.2.1  Stratification criteria 

Many criteria that influence the waste composition can be considered for stratification such as: 

 Residential structure, 

 Population density, 

 Seasonal variations, 

 Type of collection system (separate collection) and 

 Levels of public education and awareness on waste issues. 

 

In this study, population density is considered as the stratification criteria and thus the area is divided 

into low, medium and high population density areas. For Bangalore the population density can be 

correlated with income level i.e. high population density area having low income level and so on. 

 

3.2.2  Number and types of strata 

The decision about the number of strata depends on the data availability, needs of the waste 

management system, municipal body, etc. . According to the recommendation 5 of the EC SWA Tool 

(2004), not more than 5 relevant strata shall be used. The use of more than 5 strata would result in an 

excessive number of necessary samples (larger sample size) in order to achieve the required accuracy of 

results for each stratum.  

Population density is considered as stratification criteria in this study. The area is divided into low 

(0-30,000 inhabitant/km2), medium (30,000-70,000 inhabitant/km2) and high 

(>70,000 inhabitant/km2) population density areas to collect more representative sample for our study. 

Table 1 shows the distribution of inhabitants in the three population density area along with the three 

streams of waste generation used in this study. 

 

Table 1: Distribution of population and waste generation according to stratification criteria (TFF, n.d.) 

  

Stratification Matrix - Sampling 

Distribution 

Low Density [%] Medium Density [%] High Density [%] 

29.0 28.0 43.0 

Door-to-Door [%] 50 14.5 14.0 21.5 

Street Sweepings [%] 20 5.8 5.6 8.6 

Litter Spots [%] 30 8.7 8.4 12.9 
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3.2.3  Population Structure Characteristics 

The population structure characteristics are calculated based on the total population of a specific 

election booth and its total area. The population per booth was computed from official election and 

voter data of BBMP. The calculation of the area was done with the help of GIS based on election booth 

maps. After obtaining the specific area of election booth by using map measurement tools, the 

population per booth was divided by the respective area. The resulting density was presented in 

inhabitant per square kilometre (people/km²). This method was applied to all 44 Wards of the sampling 

area. Figure 2 shows a visualization of Ward No. 100 with its election booth and specific densities. 

Population distribution per strata of the entire investigation area is presented in Table 2. 

 

 

Figure 2: Population density obtained with GIS tools, example Ward 100 

 

Table 2: Population structure characteristics of West Zone, Bangalore 

 

 

 

 

 

 

 

It is apparent from Table 2 that about 43% of the total population in West Zone, Bangalore is residing in 

high density areas, making this the highest population stratum. Approximately 713,800 people are living 

in high density areas and the share of low density and medium density areas are 29% and 28% of the 

total population. The entire population (1.66 million) is distributed according to the percentages of each 

stratum. 

  

Strata 
Population Area Population density 

[people] [%] [km²] [%] [people/km2] 

Low Density 481,400 29% 31.88 68% 15,100 

Medium Density 464,800 28% 8.95 19% 51,933 

High Density 713,800 43% 5.87 13% 121,601 

Total 1,660,000 100% 46.70 100% 35,5461 
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3.3  Sampling Design 

3.3.1  Type of Sampling 

The parent population in this campaign is all the waste generated in the 44 wards of west zone, 

Bangalore that enter the MSW stream. Samples are taken from smaller subsets of the parent population 

because it will not be possible to analyze the whole population under investigation. In this study, 

stratified random sampling is used for choosing the samples. 

According to the recommendation 4 of the EC SWA-Tool, for the strata that is chosen, it is crucial that 

the relevant sources of waste to be sampled from, such as the waste bins, are capable of being 

attributed to, and sampled according to, the chosen strata. 

The random sampling plan is developed to ensure the validity of the waste analysis and is used to 

determine the sampling locations such as households, litter spots, etc. from where the sample can be 

taken during the study. This plan is developed for each of the sub strata considered in this study so that 

the entire parent population is represented. 

 

3.3.2  Statistical standards 

As it is impossible to analyse the whole quantity of waste in a survey area (parent population), a sample 

(random sample) needs to be chosen. It has to be representative and statistically relevant for the area 

of investigation and should describe the characteristics of the entire parent population. Waste is 

extremely heterogeneous and varies in sizes and composition. To obtain statistically acceptable results 

with high confidence and accuracy, it is necessary to determine a suitable sample size. 

 

Therefore the statistical standards have been set for this study (based on EC SWA Tool, 2004) are as 

follows: 

 Confidence level = 95 %  

 Natural Variation Coefficient, Var coeff (xi) = 45% 

 Maximum allowance for random sampling error for the total results = 10% 

 Confidence Coefficient, (tα; n-1) = 1.96 

 

3.3.3  Level of sampling unit and stratification 

According to EC SWA Tool, there are three principal levels at which sampling may take place, namely: 

 Inside the household/business such as from an internal waste bin, 

 Outside the household/business such as from an external waste bin/container such as used in 

kerbside collection, and 

 Secondary storage site. 

 

For Door-to-Door collection of residential waste, highest level of sampling such sampling from internal 

waste bin is considered. On the other hand, for litter spots and street sweepings, sample will be 

collected directly from the litter spots or secondary storage.  



    

 

9 

Sampling units are the smallest groups of the parent population which are separately selected, 

collected, sorted and analyzed, and for which separate analysis results are produced. As an example, 3 

main sampling units defined in the EC guidelines (2004) are: 

 A specific waste bin volume such as 120 l, 240 l or 1100 l; or 

 A specific weight of household/commercial waste such as 100 kilograms (kg); or 

 A specific number of persons who generate relevant waste such as 30 persons. 

In this study, a standard bin size of 120 l is used as the sampling unit that will accommodate 15 

standard size (8 l) household baskets/bins. 

 

3.3.4  Calculation of the number of sampling units and sample size 

The total number of sampling units required depends on 2 main criteria: 

 The variation (heterogeneity) of the waste, expressed by the natural variation coefficient. This 

variation coefficient is usually unknown and has to be estimated on the basis of results from 

past waste analyses. In this study, since there are no such previous results available, a high 

variation coefficient of 45% is assumed. 

 The desired accuracy of the results.  

 

Applying this variation coefficient to the first column of Table 3 and reading across to the required level 

of accuracy; 10% maximum random sampling error and 95 % confidence level, the minimum required 

number of sampling units can be looked up. These values were calculated using the equation mentioned 

below: 

 

n =  (
𝑡𝛼;𝑛−1 ∗ var 𝑐𝑜𝑒𝑓𝑓 (𝑋𝑖)

ɛ
)
2

  

with, 

n  = Minimum required number of sampling units; 

var coeff (xi) = Natural Variation Coefficient =45% (assumed); 

tα;n-1  = Confidence Coefficient, (from t dist. Table) = 1.96; 
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Table 3: Calculation of necessary number of sampling units (95 % Confidence Level) 

Natural Variation 

coefficient (Gauge for 

variation in parent 

population) 

Necessary Number of Sampling Units, n (95% confidence Level)                             

With Maximum allowance for random sampling error (%) 

(%) 2.5 5 10 15 20 25 

15 138 35 9 4 2 1 

20 246 61 15 7 4 2 

25 384 96 24 11 6 4 

30 553 138 35 15 9 6 

35 753 188 47 21 12 8 

40 983 246 61 27 15 10 

45 1245 311 78 35 19 12 

50 1537 384 96 43 24 15 

55 1859 465 116 52 29 19 

60 2213 553 138 61 35 22 

65 2597 649 162 72 41 26 

70 3012 753 188 84 47 30 

75 3457 864 216 96 54 35 

80 3934 983 246 109 61 39 

85 4441 1110 278 123 69 44 

90 4979 1245 311 138 78 50 

95 5547 1387 347 154 87 55 

100 6147 1537 384 171 96 61 

Source: adapted from European Commission SWA Tool (2004), Landesumweltamt Brandenburg (1998). 

 

From the above table, the total number of sampling units for a waste analysis campaign is estimated. 

For a variation coefficient of 45%, the sample size required is 78. For simplification, the total no. of 

samples required is assumed to be 80 and thus each sample volume can be 1 m
3
. A multistage stratified 

random sampling plan of MSW characterization for the West Zone, Bangalore is presented in Figure 3. 
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Figure 3: Example of multistage stratified random sampling plan 

 

From the calculated minimum required number of samples and the sampling plan, the distribution of 

sample size among waste categories and strata are developed. This sample size distribution can be 

visualized as in Table 4. 
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Table 4: Distribution of sample volume among waste streams and strata 

SL 

No. 

Stratification Criteria Waste Generation (West Zone, Bangalore) 

Door-to-Door Collection Litter 

Spots 

Street 

Sweeping 

Total 

1 Strata Range 

[Inhabitant/km
2
] 

Waste Generation  

[% of total] 

1.1 Low Population Density 0-30,000 14.5 8.7 5.8 29 

1.2 Medium Population Density 30,000-70,000 14.0 8.5 5.7 28.2 

1.3 High Population Density 70,000-1,200,000 21.5 12.8 8.5 42.8 

  
2 Waste Generation  

[% of total] 

50 30 20 100 

3 Sample vol. required [m
3
] 40 24 16 80 

4 Sample required  

[no. of sampling bins] 

333 200 133 667 

1 sampling bin = 120 litres 

 

The detailed sampling matrix for Door-to-Door collection is presented in appendix B. 

 

3.4  Sampling and Processing 

3.4.1  Collection of samples 

The waste was collected for the study without informing the property owner in advance so that there 

was no influence on the waste that is discarded in the bin. The details about every sample such as 

identification code, date and time of collection, etc. were recorded in the log book. The samples that 

were collected from different strata were not mixed with other waste bins during the entire process of 

collection, transportation, sorting and analysis. 

An outline example of the collection process is shown in Figure 4. The sampling level is the internal 

waste bin/container inside the households. In this case the sampling unit considered is 1 m³, here 

represented by approximately 8.3 x 120 l bins. 
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Figure 4: Collection of sample from each stratum (EC, 2004) 

 

3.4.2  Screening and sorting processes 

Each sampling unit was weighed before and after screening. Then the weight was documented. Each 

sampling unit was sorted separately according to the categories mentioned in the physical sorting 

catalogue (Appendix A). The Sorting Catalogue contains 14 primary categories and 30 recommended 

secondary waste categories. The detailed procedure of screening and sorting for each stratum is 

illustrated in Figure 5 to Figure 9. However, to segregate the waste by size a drum screen was 

constructed. From the design parameter 80 mm, 60 mm, and 20 mm the constructed drum sieve has 

rectangular mesh widths of 77 mm, 55 mm and 14 mm respectively. 

 

General screening and sorting procedure: 

 The sampling unit is weighed in kilograms (kg) and the weight is recorded. 

 In order to reduce the sorting effort, the sampling units can be separated into four initial 

fractions; >77 mm, 55-77 mm, 14-55 mm and <14 mm by screening with 77 mm, 55 mm and 

14 mm mesh screens, i.e. rotary screen.  

 The >77mm, 55-77 mm and 14-55 mm fractions are sorted into one of 30 secondary categories 

and are weighted. Then this 30 secondary categories are mixed to make 13 primary waste 

categories excluding the ‘Fines’ category as specified by the Sorting Catalogue. The weight of 

each category is again recorded for the sampling unit in kg. 

 The <14 mm fraction is weighed in kg and this weight is recorded as the primary category 

‘Fines’ according to the Sorting Catalogue. 
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Figure 5: Screening with three different mesh sizes and subsequent manual sorting 

 

 

Figure 6: Sorting Station 

 



    

 

15 

 

Figure 7: Trommel Sieve 

 

 

Figure 8: Sorting Table 
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Figure 9: Area Plan Sorting Station 

 

3.5  Execution of Sampling 

Figure 10 illustrates the process flow of screening, sorting and sampling of the representative number of 

samples which are collected from three specified waste streams of West Zone, Bangalore. Then the 

collected samples were processed through screening and sorting for physical and chemical analysis. 

Detailed sampling process of the three waste streams are discussed in the following sub-section.  
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Figure 10: Detailed process flow diagram for screening, sorting and sampling 

 

3.6  Overall sampling of the studied waste streams 

The analysis of the sampling bins was conducted with two different groups. One group of bins was only 

weighed and screened according to the mesh sizes, the second group was weighed, screened and sorted 

according to the primary and secondary categories. The daily sampling procedure was similar for each 

day, waste stream and strata. In the following the sampling procedure for Door-to-Door waste in Low 

Density areas is described as an example for the overall sampling procedure. The respective procedure 

guideline for each day, strata and waste stream is shown in Appendix K. 
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Example: Sampling of low density population strata of Door-to-Door stream 

Total number of bins (waste): 96 bins (1 bin = 120 litres) 

Duration: 4 days (sorting) + 1 day (sample preparation) 

 

Day 1: 24 waste bins 

Selection of 24 alternate bins out of 96 bins and placing them into two groups (Group 1= 11 bins & 

Group 2 = 13 bins). 

 

Group 1 (11 bins) 

1. Weighing of all bins and documentation of all relevant information in log book. 

2. The 11 selected bins were screened through the mesh or trommel and the 4 fractions (>77 mm, 55-

77mm, 14-55 mm, <14 mm) were separated. 

3. Combining of waste from each fraction of all the bins and preparation of samples using coning and 

quartering method (i.e. all the >77 mm fractions were combined). Weighing of all fractions and 

recording the information. 

4. Storing of approximately 30 litres of the sample for >77mm fraction and 15 litres for each remaining 

fractions in a refrigerator / cooling facility with temperature ranging from 5-7 degree Celsius. 

 

Group 2 (13 bins) 

1. Weighing al bins and documentation of the relevant information in log book. 

2. The group of 13 bins was screened through the mesh or trommel and the 4 fractions (>77mm, 55-77 

mm, 14-55 mm, <14 mm) were separated. Weighing all the fractions and recording the information. 

3. Sorting of waste from each fraction (except <14 mm fraction) into different secondary categories as 

mentioned in the physical sorting catalogue (Appendix A) and weighing of all fractions. 

4. Combining them into 14 primary categories. Selecting 6 categories as per the chemical analysis 

catalogue and combining each category separately for all the fractions (i.e. organic waste from >77mm, 

55-77mm, 14-55 mm was combined) 

5. Storing of approximately 15 litres of sample for each category in a cool place with temperature 

ranging from 5-7 degree Celsius. 

 

Days 2 to 4: 24 waste bins for each day 

Repeating of the above procedure on Day 2, 3 and 4. Total sampling plan for low density strata of D2D 

waste stream is summarized in Table 5 and Figure 11. 

 



    

 

19 

Table 5: Sampling plan for low density strata of D2D waste stream 

Day Total number of 

bins 

Group 1 (Screening) Group 2 

(Screening and sorting) 

Day 1 24 11 13 

Day 2 24 11 13 

Day 3 24 11 13 

Day 4 24 11 13 

Total 96 44 52 

 

Day 5: Sample preparation 

Group 1 

Combining and homogenizing of samples of different fractions from each day separately (i.e.: Combining 

of all the >77 mm fractions from day 1-4 with homogenizing afterwards) and storing of approximately 

120 litres (8 no. of 15 litre bins) of >77 mm fraction and 60 litres (4 no. of 15 litre bins) of the 

remaining fractions in a cool place (5 - 7 °C). Labelling of the samples and logging the details. 

 

Group 2 

Combining and homogenizing of samples of different categories from each day separately (i.e.: Organic 

fraction from all 4 days was combined) and storing of approximately 15 litres (4 nos. of 15 litre bins) of 

all the 6 selected primary categories in a cool place (5 - 7 °C). Labelling the samples and logging the 

details. 
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Figure 11: Workflow diagram for low density population strata of D2D waste stream 

  



    

 

21 

3.6  Sample preparation for chemical analysis 

3.6.1  Chemical composition test 

The preparation of samples for the chemical analysis of the different waste streams was conducted 

according to the LAGA PN98 guideline (2004) and the German Standard Document DIN 19698 (2014). 

For the chemical analysis all screened fractions from the 3 strata separately (i.e.: combining of >77 mm 

fraction of low density, medium density and high density strata) were combined as well as coned and 

quartered. The number of samples was as mentioned in the below table and each sample had a min. of 

2 litres. 

All separate category samples from the 3 strata separately (i.e. combining of organic sample from low, 

medium and high density) were combined as well as coned and quartered. The number of samples was 

as mentioned in Table 6 and each sample had a min. of 2 litres. 

 

3.6.2  Stability test  

All the screened fractions from the 3 strata separately (i.e. Combining of >77 mm fraction of low 

density, medium density and high density strata) were combined as well as coned and quartered. The 

number of samples is as mentioned in the Table 6 and each sample had a min. of 2 litres. 

For each type of waste category and fraction additional samples were stored in the refrigerator until the 

end of the study in case of additional or repeated analysis. 

 

Table 6: Number of samples required for chemical analysis according to LAGA (2004) 
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4  Challenges on the Ground  

4.1  Difficulties / Limitations 

During the Collection Process: 

 The collection could only happen between 7 a.m. and 11 a.m., as residents were not available to 

hand over waste thereafter; 

 Ground staff of the respective areas had to be reminded multiple times to ensure that the 

regular collection does not happen and residents hand over garbage to the vehicle; 

 On certain days due to work related pressures of the ward officials, the desired number of bins 

from the planned booth/ward could not be collected. This was compensated by collecting 

garbage from a different ward of the same strata. However such numbers are very low; 

 On certain days, households disposed garbage which was anywhere between 2-7 days old; 

 On certain days, households had functions/ceremony with 50 people or more and hence 

quantity of garbage disposed increased. 

 

During the Sieving Process: 

 Trommel design related -  

o Due to material non-availability, trommel screen mesh dimensions was changed to 14, 55 & 

77 mm, 

o Some loss occurred during rotation due to missing screen covers and sheets around the 

trommel sieve, 

o As no hopper was available below the screen, few particles could drop in the tray of a 

different fraction. 

 Waste bags were opened manually, which held health hazards for the sorting personnel. Ideally 

knives should have been used for this task. Bag openers within the trommel were not applicable 

due to a high share of wrapping material. 

 

During the Weighing Process: 

 The number of supervising personnel at the sorting station was lower than planned (by 1 or 2 

persons) as some of the team needed to be with the collection vehicles as well. As a result, the 

sorting personnel could not be supported and monitored adequately, which might have led to 

the result that some bins weren’t weighed (or not recorded) before the sorting and directly 

transported to the sorting tables. 

 Due to challenges in respective wards, the exact same staff (PKs) were not available for the 

entire duration of the study, due to which the process had to be explained to new staff 

members, and initial screening and procedure related errors were repeated each time. 

 

During the Sorting Process: 

 Due to challenges in respective wards because of unavoidable circumstances, on certain days 

there were insufficient staff and the work was managed by existing PKs and supervising staff. As 
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the same work had to be done in the given time frame with fewer personnel, sorting accuracy 

might have been reduced. 

 Due to challenges in respective wards, the exactly same staffs (PKs) were not available for the 

entire duration of the study, due to which the process had to be explained to new staff 

members, and initial sorting errors were repeated each time. 

 

In General: 

 The sorting process was completely dependent on availability of labour. BBMP and contractors 

were supportive, but as they had limited man power, it was a challenge to have the adequate 

number of staff on all the days. 

 On couple of days 1 or 2 members of the staff had to leave the sorting work in between to 

attend personal or official work, thus there was less help and the remaining staff had to share 

the additional work. 

 The fridge temperatures was checked and maintained through the digital temperature controller 

for most part of the D2D study at 4 °C. For the next 2 phases a secondary arrangement of 

measuring the same with Alcohol Thermometer on a daily basis was made. There may have been 

power outage for few hours (not more than 2 hours continuously) across the length of the 

study, however, it is unlikely that the sample temperature rose above the temperature limit for 

stored samples at 8 °C. 

 

4.2  Potential errors 

During the Collection Process: 

 There was one instance where yard waste collected was from a house with no people presently 

living in it as they were abroad. 

 For some households the respective number of residents was not recorded because:   

o In high density areas it occurred that too many people were simultaneously heading to the 

vehicle and it was difficult to note down the numbers from all of them. 

o In low density areas, some households had kept their waste outside and at the time of 

collection there were nobody at the house. 

 Many households store their waste bins outside which increased the moisture content during 

rainfall (especially High Density), but represents the seasonal effects. 

 There are multiple very small commercial establishments within residential areas, which on a 

regular basis gave garbage to the D2D waste collector. This was collected during the initial 

phase of D2D, and not thereafter. 

 Commercial waste sometimes found its way into the waste bins of Door-to-Door collection. 

Additionally, commercial waste might have also contributed to the waste of litter spots and 

street sweeping due to its unclear origin. 

 

During the Sieving Process: 

 Between emptying the collection bins and putting the waste into the trommel, some liquid was 
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lost as the transfer happened on the floor, although covered with tarpaulins. 

 Garlands, textile strands, and ropes got wrapped inside the trommel and had to be removed 

manually which explains loss as well as negative loss for another day. 

 Trommel design related matters: 

o Due to a rather low RPM in connection with the given diameter, a cascading motion of the 

waste could be observed within the trommel, which resulted in a lower trommel efficiency 

o Trommel inclination might have been too high, hence screening efficiency was reduced 

(retention time was rather low) 

o Trommel apertures were rectangular, hence extract size might vary from calculated particle 

size 

o Due to the distance between screen surface and the below tray boxes, few quantities of 

garbage could have fallen into the wrong tray 

o As trommel rotation was done manually, hence rotation speed was not constant (average 

16-17 RPM) 

 

During the Weighing Process: 

 Sporadically weighing of the containers may have been missed after sieving, which could 

explain the large amount of loss on some few days. 

 

During the Sorting Process: 

 Some of the staff members may have not been very precise in separating waste at all times 

 Due to moisture, proper sorting of 14-55 mm and 55-77 mm was difficult (paper was 

sometimes not separable) and hence its possible they have been few times placed wrongly 
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5 Data Processing and Analysis  

5.1  Data Recording and Processing 

The samples were collected in 120 Litre sampling bins. Each bin was marked with a special bin code, 

which was unique for each day and population density. For example, the Bin Code for bin number 1 of 

Low Density on the first day was D1_LD_B1. For Litter Spots, ‘L’ was added and Street Sweeping was 

marked with ‘S’. This code can be found on all record sheets (Appendix J). 

 

During the Sampling Process, the following parameters were collected for each bin: 

 Ward Name and Number of the Sampling Area 

 Booth Numbers of Sampling Area  

 Street names of Sampling Area 

 Number of Households sampled per Sampling Bin 

 Number of Persons sampled per Sampling Bin 

 

In addition, for each sampling protocol the following data were noted: 

 Date of sampling 

 Name of Sampler 

 Name of Helper / present persons 

 Name of the Driver 

 Number plate of waste collection car  

 

After transporting the full sampling bins to the sorting station, the weight of each filled sampling bin 

was recorded in kg, the respective time, the empty weight of each bin and the filling level in %. This 

information was noted on the data sheet ‘weighing before screening’. 

After the screening process, the weight of the different size fractions and the respective empty weight 

of the size fraction bins were recorded. This information was noted on the data sheet named ‘weighing 

after screening’. 

For both protocols ‘weighing before screening’ and ‘weighing after screening’, the sheet was divided in 

group 1 and 2. Additionally, the following data were noted for each sheet:  

 

 date 

 responsible person 

 helper / persons present 

 

After the sorting process, the respective weights of all sorted sub-categories were recorded according to 

their particle sizes (>77 mm, 55-77 mm, 14-55 mm). This information was noted on the data sheet 

‘weighing after sorting’. 
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5.2 Statistical Analysis: Calculation of the Confidence Interval 

The variance of the parent population is estimated approximately by the variance of the waste sample. 

In this case the t-distribution and the corresponding confidence coefficients (tα;n−1) is applied. The 

following step-by-step procedure is used to calculate confidence interval for the door to door waste 

stream: 

a) Calculation of mean (x̄) from the sample. 

b) The population standard deviation is estimated by the waste sample standard deviation. 

c) Estimation of the coefficient of variation of the mean, using the following formula  

𝐯𝐚𝐫𝒄𝒐𝒆𝒇𝒇(𝐱̄ ) =
𝒔

𝐱̄ √𝐧
 

d) Determination of the confidence coefficient (z-value) tα;n−1 from t-distribution table associated 

with the desired confidence level (95%). Here tα;n−1 = 2.02 (for: α = 0.05, 1-α = 0.95, n-1 = 39 

for d2d). 

e) Calculation of the confidence interval (CI) using the following formula:  

𝐂. 𝐈. = 𝐱̄ ±
𝐯𝐚𝐫𝒄𝒐𝒆𝒇𝒇(𝐱̄𝒊)

√𝐧
=  𝐱̄ ± 𝐭𝒕𝛂;𝐧−𝟏 . 𝐯𝐚𝐫𝒄𝒐𝒆𝒇𝒇(𝐱̄ ) 

It was found that the sample mean for door to door (D2D) waste stream was 24 kg with a confidence 

interval of ± 3.1 kg, as shown in Table 7 Intervals constructed this way will contain the true value 95 

percent of the time. 
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Table 7: Calculation of sample mean, median, STD, CV and confidence interval for D2D stream 

SL Primary Waste Categories 

(No. of samples-40) 

Sample statistics of Door to Door waste stream (in kg)  

Min Max Mean Median STD(+/-) Varcoeff CI(+/-) 

 Average 15.2 34.4 24.0 23.5 5.3 15.0% 3.1 

1 Organics 150.1 261.0 203.8 209.7 30.1 3.9% 17.4 

2 Plastics 24.8 45.3 33.0 32.1 5.3 4.3% 3.1 

3 Paper 23.2 36.6 28.7 27.7 3.7 3.5% 2.1 

4 Fine particles 0.0 48.1 28.1 26.1 11.9 11.3% 6.8 

5 Textiles 3.5 29.0 13.7 10.3 8.5 16.5% 4.9 

6 Composites 5.1 18.7 9.6 8.6 4.1 11.4% 2.4 

7 Biomedical waste 4.1 11.8 7.5 7.1 2.7 9.6% 1.6 

8 Glass 0.5 10.5 4.3 3.1 3.0 18.6% 1.7 

9 Inert 0.3 5.9 1.8 1.0 1.7 25.2% 1.0 

10 Hazardous 0.2 6.2 1.4 1.0 1.4 26.7% 0.8 

11 Liquids 0.3 3.1 1.4 1.4 0.8 15.5% 0.5 

12 Metals 0.5 2.0 1.0 0.9 0.4 10.8% 0.2 

13 Wood 0.0 2.0 0.5 0.2 0.7 34.6% 0.4 

14 Mixed WEEE 0.0 0.9 0.5 0.4 0.3 17.5% 0.2 

STD= Standard deviation, CI= Confidence Interval, Varcoeff= Coefficient of Variation of the mean 

 

5.4  Projection of Waste Generation 

To estimate and extrapolate the results of the waste characterization study for the entire study area of 

West Zone, Bangalore, it is fundamental to get information on the specific waste production per capita 

and strata. For every waste bag that was collected from Door-to-Door stream into the sampling bins, 

household and inhabitant information was noted. Based on this information, a thorough estimation of 

the average daily waste production per capita as well as total generation was possible for Door-to-Door 

stream.  

The Door-to-Door waste stream contributes majority of the waste generated (50%) in the study area 

compared to litter spots (30%) and street sweepings (20%). According to this ratio and statistical 

relevance described in section 3.3, approximately 9.5 tons of waste from the Door-to-Door stream have 

been sampled and analyzed (Table 8). During the sampling of Door-to-Door stream, municipal solid 

waste from 21,893 inhabitants of West Zone, Bangalore was collected, screened, sorted and analyzed. 
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Table 8: Overview on the sampled waste amount from Door-to-Door stream 

Strata Weight of sampled municipal solid waste (in kg) Population
1)
  Per-capita

1)
  

 D2D Litter Spots Street 

Sweeping 

Total [sampled] [kg/person/d] 

Low Density 2,364.02 1,435.50 720.15 4,519.67 4,555 0.519 

Medium Density 2,679.60 1,479.20 710.75 4,869.55 6,160 0.435 

High Density 4,392.30 2,793.30 1,544.07 8,729.67 11,178 0.393 

Total/Avg 9,435.92 5,708.00 2,974.97 18,118.89 21,893 0.431 

% share 50 30 20 100   

1) Only refers to D2D collection 

 

Average per capita waste generation is calculated as 0.431 kg/person/d for Door-to-Door waste stream. 

However, the waste generation was significantly different among the 3 strata. While the daily per capita 

waste generation in high density areas is 0.393 kg/person/d, it is 0.435 kg/person/d in medium 

populated areas and 0.519 kg/person/d in low density areas which is about 20% higher than the 

average. The study area of West Zone, Bangalore has a total of about 1.66 million inhabitants. Hence, 

the estimated waste production for Door-to-Door municipal solid waste is estimated at 457.85 tons/d. 

Accordingly, with corresponding share, waste generation from LS and SS streams are accounted as 

274.71 tons/d and 183.14 tons/d, respectively (Table 9).  

 

Table 9: Extrapolation of total waste generation 

Strata Population Area 

[km²] 

Population 

density 

[people/km2] 

Per-capita 

[kg/person/d] 

Total waste generation [ton/d] 

D2D Litter 

spots 

SS Total 

Low Density 481,400 31.88 15,100 0.519 156.16 93.69 62.46 312.31 

Medium Density 464,800 8.95 51,933 0.435 126.37 75.82 50.55 252.74 

High Density 713,800 5.87 121,601 0.393 175.32 105.20 70.13 350.65 

Total 1,660,000 46.70 71,209 0.431 457.85 274.71 183.14 915.70 
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6 Physical Characterization of MSW 

6.1  Mass Balance of Screening Fractions 

A total of approx. 18 tons of MSW samples were rationally collected from all waste streams and strata. 

At first, the unsorted/unscreened samples were weighed and then transferred to a subsequent screening 

and sorting process. By the screening process, four fraction groups were obtained from raw waste 

samples. After screening the two groups of samples, all fraction categories were weighted separately. A 

negligible amount (approx. 3%) of waste losses were reported during the screening process as presented 

in Table 10. The losses were primarily caused by moisture and rainwater losses during the screening and 

sorting process. 

 

Table 10: Mass balance of screened fractions 

Waste 

Streams 

Strata Weight (in kg) 

unsorted 

waste 

 >77mm 

fraction 

55-77mm 

fraction 

14-55mm 

fraction 

<14mm 

fraction 

Loss 

Door to 

Door 

Low Density 2364.02 879.80 382.75 810.65 176.95 113.87 

Medium 

Density 

2679.60 918.45 465.50 905.35 201.20 189.10 

High Density 4392.30 1217.17 851.40 1754.10 477.05 92.58 

Litter 

Spots 

Low Density 1435.50 488.10 216.30 520.75 193.30 17.05 

Medium 

Density 

1479.20 501.90 276.10 524.20 155.45 21.55 

High Density 2793.30 985.40 467.60 945.10 285.65 109.55 

Street 

Sweepings 

Low Density 720.15 145.10 119.90 265.25 169.85 20.05 

Medium 

Density 

710.75 192.84 97.66 254.83 155.90 9.52 

High Density 1544.07 434.56 207.70 511.95 358.55 31.31 

Total 18118.89 5763.32 3084.91 6492.18 2173.90 604.58 

 

6.2  Overall Waste Composition: Sorting Results 

Physical waste compositions were analyzed based on the MSW sample collected from all waste streams 

and strata in West Zone of Bangalore city. Apart from screening, the samples were processed by manual 

sorting for separating into 14 primary and 28 secondary categories. Figure 12 graphically depict the 

primary categories of waste and overall physical composition.  
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Figure 12: Overall MSW composition for West Zone, Bangalore City 

 

It is obvious from figure 6.1 that about 63% Organics made up the largest share of the overall waste 

stream. Plastics followed at about 10%, while other major categories Paper, Textiles, Fines and 

composites represented 9%, 5%, 4% and 3% respectively of the overall MSW stream. 

 

  

Organic 

62.6% 
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9.9% 

Paper and Cardboard 
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Textiles 

4.6% 
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4.2% 
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3.3% 
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Intert 

1.6% 
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1.4% 
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0.4% 
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0.3% 
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0.3% 
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Reference: 

No. of sample: 80 

Waste volume: 80 m3 

Waste mass: 18 tons 
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Table 11: Primary waste categories by weight- overall composition 

Primary Categories Est. Percentage Cum. Percentage Est. Sample (kg) 

Organic 62.63% 62.63% 11347.69 

Plastics 9.92% 72.55% 1798.02 

Paper and Cardboard 8.76% 81.31% 1587.27 

Textiles 4.60% 85.92% 834.06 

Fines 4.18% 90.09% 756.58 

Composites 3.30% 93.39% 597.65 

Biomedical Waste 2.03% 95.42% 367.90 

Inert 1.61% 97.03% 292.30 

Glass 1.45% 98.48% 261.86 

Liquids 0.42% 98.90% 76.12 

Wood 0.35% 99.24% 62.57 

Hazardous Household Waste 0.34% 99.58% 60.92 

Metals 0.30% 99.88% 53.87 

Mixed WEEE 0.12% 100.00% 22.07 

 Total 100%   18118.89 

 

Table 11 presents the primary waste categories by weight from the overall collected samples arranged in 

descending order. From this, it can be observed that 90% of the waste is composed of the above 

mentioned five major categories. Further detailed physical sorting results with the share of primary and 

secondary categories are illustrated in appendix E. 

 

6.3  Physical Analysis of Individual Streams  

6.3.1 Analysis of Door to Door Waste Stream 

The door to door waste stream was analyzed with screening and subsequent sorting process. In Figure 

13 the door to door waste stream analysis is presented with respect to strata and screening fraction.  

The physical sorting of Door-to-Door stream showed that organics remains the highest share with 

approx. 67% of entire D2D samples, followed by plastics (11%), paper (10%), textiles (4%) and 

composites (3%) (Table 12). The share of recyclables like PET, HDPE, glass and metals are low.  

The screening of D2D waste stream reveals that the organic contents are increasing with decreasing 

particle size i.e. 35% in >77 mm group to 93 % in 14-55 mm group (as shown in Figure 13 and Table 

12). Also, the recyclables (plastics, paper, textiles) are higher in larger particle size i.e. textiles mostly 

found in >77 mm fraction group. Within this fraction, the amount of organics is higher in medium 

density strata than in high density strata. Also, the paper fraction is considerably low in HD strata and in 

contrary, more textiles are found. Hence further segregation process can be considered. Detailed results 

of D2D waste screening and sorting are presented in Appendix F. 



    

 

32 

 
Figure 13: D2D waste stream analysis with strata and fraction groups 
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Table 12: D2D Waste categories in different strata and fraction groups 

Primary Waste 

Categories 

Share of Strata (in %) Share of Fraction Groups (in %) 

LD MD HD All 

together 

>77 mm 55-77 

mm 

14-55 

mm 

All 

together 

Organic 18.92 19.32 28.32 66.56 11.75 12.68 36.31 60.74 

Plastics 3.20 2.92 4.68 10.80 6.67 2.30 0.86 9.84 

Paper 3.19 2.76 3.56 9.51 5.82 2.03 0.71 8.56 

Textiles 0.59 0.95 2.74 4.28 3.31 0.57 0.22 4.10 

Composites 0.87 0.65 1.59 3.11 2.15 0.47 0.25 2.87 

Biomedical 1.13 0.67 0.78 2.57 1.74 0.41 0.09 2.25 

Glass 0.72 0.38 0.40 1.50 0.96 0.22 0.10 1.27 

Inerts 0.14 0.11 0.32 0.57 0.24 0.14 0.15 0.53 

Hazardous 0.05 0.11 0.29 0.45 0.18 0.12 0.13 0.43 

Metals 0.13 0.10 0.11 0.33 0.17 0.06 0.07 0.30 

Wood 0.01 0.02 0.14 0.16 0.08 0.03 0.06 0.16 

Mixed WEEE 0.04 0.02 0.08 0.15 0.05 0.04 0.04 0.14 

Fines 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.39 

Liquids 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.42 

Total 29.00 28.00 43.00 100.00 33.11 19.08 39.00 100.00 

 

6.3.2  Analysis of Litter Spots 

Litter spots have a similar composition to that of Door-to-Door collection. Organics are highest with 

approximately 64% share followed by Plastics (12%), Paper (9%), Textiles (6%) and Composites (4%) 

which are significant in the Litter Spots stream (Table 13). It can be observed that in the high density 

strata, the amount of organics, plastics and textiles are higher than other density strata. 

 

Table 13: Sorting and screening results of Litter Spots waste stream 

 

It can be noted from the screening result that in 14-55 mm fraction, the organic content is nearly more 

than double compared to the other size fraction groups (Figure 14).  On the other hand, the total shares 

Litter Spots Stream Share of Strata (in %) Share of Fraction Groups (in %) 

LD MD HD All 

together 

>77 mm 55-77 

mm 

14-55 

mm 

All 

together 

Organic 18.39 18.13 27.25 63.77 15.63 12.43 35.33 63.39 

Plastics 3.24 3.22 5.36 11.82 8.43 2.66 0.74 11.83 

Paper 2.95 2.26 3.19 8.40 4.93 2.41 0.87 8.21 

Textiles 1.01 1.89 3.50 6.40 5.92 0.55 0.14 6.61 

Composites 1.03 1.06 1.59 3.68 2.73 0.63 0.30 3.66 

Biomedical 0.65 0.45 1.01 2.11 1.72 0.35 0.05 2.11 

Glass 0.73 0.34 0.52 1.60 1.27 0.19 0.12 1.56 

Inerts 0.59 0.43 0.27 1.28 0.41 0.28 0.51 1.20 

Hazardous 0.11 0.09 0.12 0.32 0.07 0.14 0.11 0.31 

Metals 0.13 0.07 0.10 0.29 0.11 0.04 0.13 0.28 

Wood 0.11 0.04 0.05 0.20 0.10 0.04 0.04 0.18 

Mixed WEEE 0.06 0.03 0.03 0.13 0.07 0.03 0.02 0.12 

Fines 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Liquids 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 

Total 29.00 28.00 43.00 100.00 41.37 19.76 38.37 100.00 
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for >77mm and 14-55 mm group are similar among all strata. The share of metals, wood, mixed WEEE 

and inerts in all the fractions are very low for all strata. 

 

Figure 14: Litter Spots analysis with strata and fraction groups  
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6.3.3  Analysis of Street Sweepings  

The sorting and screening results of street sweepings summarized in Table 14 indicates that the organic 

category has the highest share of total waste (65%). In street sweepings, inerts constitute about 5% 

which is higher compared to other waste streams. Also, the share of valuables is lower which may be 

due to reasons such as easy access to waste pickers. 

The inert percentage is high due to soil and stones accumulated from streets. High inert share can be 

found in the smaller size fractions. With a share of 3.43%, inerts have a high influence on the waste 

composition of the fraction 14-55 mm (Table 14). It can be expected that the inert share of <14 mm is 

much higher as sand and silt is collected during street sweeping. 

 

Table 14: Screening and sorting results of street sweepings waste stream 

Primary 

Categories 

Share of Strata (in %) Share of Fraction Groups (in %) 

LD MD HD All 

together 

>77mm 55-77mm 14-55mm All 

together 

Organic 19.31 19.80 26.35 65.46 17.36 13.04 35.12 65.51 

Plastics 1.66 1.93 3.70 7.30 5.12 1.70 0.70 7.52 

Paper 2.05 2.46 4.97 9.49 5.67 2.83 1.33 9.83 

Textiles 0.88 0.84 1.97 3.69 3.01 0.61 0.20 3.82 

Composites 1.31 1.09 1.47 3.87 2.58 0.63 0.63 3.84 

Biomedical 0.20 0.35 0.59 1.14 0.79 0.38 0.01 1.18 

Glass 1.35 0.15 1.16 2.66 1.31 0.12 0.16 1.60 

Inerts 1.18 1.19 2.44 4.81 0.69 0.83 3.43 4.95 

Hazardous 0.03 0.05 0.10 0.18 0.03 0.07 0.08 0.19 

Metals 0.13 0.06 0.09 0.28 0.09 0.05 0.14 0.27 

Wood 0.85 0.05 0.13 1.03 0.75 0.05 0.12 0.92 

Mixed WEEE 0.03 0.04 0.03 0.09 0.04 0.01 0.03 0.09 

Fines 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Liquids 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 

Total 29.00 28.00 43.00 100.00 37.44 20.33 41.96 100.00 

 

From Figure 15 and Table 14, it is also obvious that organic contents among the three strata don’t vary 

significantly like D2D and litter spots. Wood contents in >77 mm fraction group is noticeable in street 

sweepings which is different from other strata. 
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Figure 15: Street Sweepings analysis with strata and fraction groups  
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6.4  Analysis and Comparison of waste streams, strata and fractions based on waste 

volume 

Four major waste categories (organics, paper, plastics and textiles) were analyzed and compared within 

all strata and streams in terms of waste volume. The physical analyses in volumes for these four 

categories in all waste streams are as shown in Figure 16-18. 

It can be seen from Table 15 that the volume of plastics is higher compared to the other three waste 

categories, especially for >77 mm and 55-77 mm fractions. On the other hand, in 14-55 mm fraction, 

organics are higher than other categories. 

 

Table 15: Physical analysis of waste by waste volume for all waste streams  

Primary Waste 

Categories 

D2D Stream (m
3
) LS Stream (m

3
) SS Stream (m

3
) 

>77 

mm 

55-77 

mm 

14-55 

mm 

>77 

mm 

55-77 

mm 

14-55 

mm 

>77 

mm 

55-77 

mm 

14-55 

mm 

Organics 1.69 1.82 5.21 1.14 0.90 2.57 0.59 0.44 1.19 

Paper 2.45 0.85 0.30 1.05 0.52 0.19 0.56 0.28 0.13 

Plastics 9.01 3.11 1.17 5.77 1.82 0.51 1.63 0.54 0.22 

Textiles 1.34 0.23 0.09 1.22 0.11 0.03 0.29 0.06 0.02 

 

In the >77 mm and 55-77 mm fraction of D2D stream, the amount of plastics as volume is much higher 

in high density strata than low and medium density strata whereas organics are dominant in the 14-55 

mm fraction with a higher share in high density strata (Figure 16). Litter spots showed similar 

composition pattern (Figure 17) as D2D in terms of waste volume. 

In Street Sweepings, comparatively lesser amounts of major waste categories were found. Among these, 

plastics in >77mm fraction was significant in the high density strata than other fractions. Organics were 

more than other categories similar to D2D and Litter Spots (Figure 18). 
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Figure 16: D2D Waste Stream Analysis for all strata and sorted fraction groups 
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Figure 17: Litter Spots analysis with strata and fraction groups 
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Figure 18: Street Sweepings analysis with strata and fraction groups 
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7  Chemical Analysis 

All screened fractions and sorted categories were chemically analysed in order to understand their 

composition with respect to water, organic and ash content. Elemental analyses were carried out to 

obtain information required for designing treatment such as biological degradation, compost production, 

incineration and for recovery potential. 

The analysis results of Carbon, Hydrogen, Oxygen, Nitrogen, Sulphur, Phosphorous and Chloride provide 

the basis for calculating further waste treatment processes: Carbon/Nitrogen (C/N) ratio or oxygen 

demand for biological treatment operation (i.e. from fine or organic fraction), Chloride loading and 

calorific value for incineration. 

 

7.1  Chemical Composition of D2D Waste Stream 

From Table 16 it can be seen that the C/N ratio of the organic fractions is approx. 19:1 which is too low 

for effective biological process like composting. The carbon content is between 30-70%, hence further 

treatment for its reduction or transformation needs to be considered. The chlorine content of liquids is 

significant but not problematic. 

The estimated calorific value of each fraction and category helps in calculating the energy potential of 

specific material mixtures. For example, the net calorific value of 14.31 MJ/kg (Table 16) matches 

perfectly with the existing requirement for waste to energy plants in Germany. The analysed moisture 

content might be higher due to losses during the sorting and screening process and hence the actual 

calorific value might be lower.  

 

Table 16: General chemical composition of D2D MSW 

D2D Waste 

Stream 

Carbon 

(wt-%)    

Hydrogen 

(wt-%) 

Oxygen 

(wt-%)  

Nitrogen 

(wt-%)    

Sulphur 

(wt-%)    

Phosphoro

us  

(as P2O5) 

(wt-%) 

Chloride 

(as Cl)  

(wt-%) 

Gross 

calorific 

value GCV 

(MJ/kg) 

Net 

calorific 

value NCV 

(MJ/kg) 

Waste Fractions 

>77 mm 49.40 7.30 41.82 1.13 0.36 0.22 0.04 25.40 14.31 

55-77 mm 49.44 6.74 42.33 1.16 0.33 0.24 0.03 24.38 14.11 

14-55 mm 32.50 6.00 59.32 1.74 0.45 1.40 0.06 17.57 7.25 

<14 mm 29.99 4.93 63.01 1.73 0.34 0.26 0.05 16.19 8.61 

Waste categories 

Organics 39.68 6.38 51.43 2.10 0.41 0.56 0.06 20.95 6.53 

Paper 42.54 6.48 49.95 0.61 0.43 0.19 0.03 22.25 10.18 

Plastics 67.79 10.50 20.65 0.77 0.30 0.16 0.03 35.18 27.02 

Textiles 48.58 7.23 43.27 0.52 0.39 0.14 NIL 22.16 14.67 

Composites 62.05 8.19 29.16 0.35 0.25 0.17 0.04 32.92 23.81 

Liquids 41.87 7.52 47.86 2.18 0.57 0.34 0.95 23.02 1.20 

 

The heavy metals content is analysed to understand the influences of municipal solid waste, especially 

digestate or compost quality and potential leachate. For example, the present data obtained as ppm of 
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dry matter are below the application limits of the bio-waste ordinance of Germany.  However, 

biodegradation processes will lower the organic and water content, hence the heavy metals will be 

concentrated. 

From the amount of heavy metals mentioned in Table 17, no direct impacts on human health are 

expected. The chromium content of paper and organics is higher but not problematic. However, the 

value of 4 ppm Cd in paper is questionable.  

 

Table 17: Chemical composition of D2D MSW with heavy metals contents  

D2D Waste 

Stream 

Sample 

Net 

Weight 

(KG) 

Moisture 

content 

(% by 

mass) 

Organic 

Dry 

Matter 

(% by 

mass) 

Ash 

content 

(% by 

mass) 

Heavy Metals 

Cadmium 

(as Cd)     

ppm 

Chromium 

(as Cr)  

ppm 

Copper  

(as Cu) 

ppm 

Lead        

(asPb) 

ppm 

Zinc  

(asZn) 

ppm 

Mercury       

(as Hg) 

ppb 

Waste Fractions 

>77 mm 7.48 32.45 59.70 7.85 0.09 11.15 9.50 13.55 244.80 16.70 

55-77 mm 9.36 34.20 61.21 4.59 <0.02 6.23 14.03 1.73 107.43 36.30 

14-55 mm 6.99 43.50 47.11 9.39 0.03 6.60 10.90 4.40 34.00 9.95 

<14 mm 11.09 36.05 57.51 6.44 0.04 9.65 20.85 14.20 103.05 35.30 

Waste Categories 

Organics 6.04 57.95 37.56 4.50 0.10 14.40 8.90 15.95 35.30 12.90 

Paper 3.24 41.25 50.35 8.40 4.00 24.50 6.15 0.20 27.70 15.15 

Plastics 1.04 12.00 77.30 10.70 0.07 5.10 9.90 6.65 157.15 13.45 

Textiles 3.64 27.55 69.25 3.20 0.10 3.80 18.45 3.00 162.35 29.20 

Composites 1.64 12.65 71.73 15.62 1.40 5.80 15.65 4.60 49.65 8.45 

Liquids 7.70 84.48 14.17 1.35 <0.02 0.20 0.33 <0.01 1.45 19.28 

 

Most of the results from elution test for heavy metals are below the German Limits of the Deposit 

Ordinance for elute criteria (Cd < 0,1 mg/l, Cr < 0,1 mg/l, Cu < 5 mg/l, Pb < 1 mg/l, Zn < 5 mg/l, Hg < 

0,02 mg/l) except of Chromium (table 7.3). Chromium in all samples is two to three times higher than 

the standard. Even though the average data (3 samples) of Lead in Table 18 are below the compared 

limit of the German Deposit Ordinance, one of them in the >77 mm samples exceeds the standard. 

Amount of NH3 is reported as very low (<0.01 ppm) may be due to the conversion of N compounds to 

NH3 didn’t occur during the test period. 
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Table 18: Elution test results (D2D stream) 

Waste 

Fraction 

Sample 

Net 

Weight 

(KG) 

Electrical 

conductivity 

(EC), μs/cm 

Total 

dissolved 

solids(TDS), 

ppm 

TOC 

(ppm) 

 Heavy Metals 

NH3 

(ppm) 

Cadmium 

(as Cd)     

ppm 

Chromium 

(as Cr)  

ppm 

Copper  

(as Cu) 

ppm 

Lead        

(as 

Pb) 

ppm 

Zinc     

(as 

Zn) 

ppm 

Mercury       

(as Hg) 

ppb 
10% 

sample 

10% 

sample 

>77 mm 5.91 1159.00 681.67 1700 <0.01 0.01 0.10 0.33 0.60 1.45 7.37 

14-77 

mm 

9.31 537.00 316.00 1600 <0.01 0.01 0.16 1.14 0.16 2.54 5.85 

<14 mm 13.86 894.00 526.00 1200 <0.01 0.02 0.14 2.19 0.25 0.19 6.10 

 

7.2  Chemical Composition of Litter Spots 

The average C:N is 33:1 which may due to carbon contribution from paper, plastics, etc. The C:N for 

organic fraction is around 18:1 which is low for composting process. The calorific value of the mixture is 

much lower (5.8 MJ/Kg) compared to D2D (11.02 MJ/Kg). The detailed composition is shown in Table 19. 

 

Table 19: General chemical composition of Litter Spots 

LS Waste 

Stream 

Carbon 

(wt-%) 

Hydrogen 

(wt-%) 

Oxygen, 

(% by 

difference) 

Nitroge

n, (wt-

%) 

Sulphur 

(wt-%) 

Phospho

rous (as 

P2O5), 

(wt-%) 

Chloride 

(as Cl), 

(wt-%) 

Gross 

calorific 

value GCV 

(MJ/kg) 

Net calorific 

value NCV 

(MJ/kg) 

Waste Fractions 

>77 mm 54,87 6,68 39,75 0,60 0,32 0,16 0,08 25,17 12,30 

55-77 mm 39,08 5,66 53,62 1,25 0,38 0,38 0,48 20,50 3,86 

14-55 mm 29,94 4,33 63,58 1,73 0,42 0,55 0,35 15,54 1,68 

<14 mm 23,36 3,19 71,83 1,28 0,34 0,38 0,30 11,31 1,78 

Waste categories 

Organics 33,99 3,76 59,76 2,08 0,41 0,24 0,54 17,39 1,86 

Paper 40,98 5,96 52,20 0,55 0,32 0,22 0,23 21,32 7,36 

Plastics 68,48 11,59 19,25 0,43 0,26 0,15 0,11 36,93 17,70 

Textiles 53,44 5,84 39,99 0,42 0,32 0,08 0,07 25,23 13,06 

Composites 55,88 7,36 35,67 0,86 0,24 0,24 0,40 27,79 18,88 

Liquids 50,18 7,56 39,16 2,69 0,41 0,62 3,61 25,85 1,28 

 

The heavy metal values are below the limit values of German deposit ordinance and the adverse health 

impacts may be low with exception of lead. The lead content is extremely high when compared to D2D 

stream and this might be due to lead blended fuel or by traffic emissions (Table 20). 
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Table 20: Chemical composition of Litter Spots with heavy metals contents  

LS Waste 

Stream 

Moisture 

content 

(% by 

mass) 

Organic 

Dry 

Matter 

(% by 

mass) 

Ash 

content 

(% by 

mass) 

Heavy Metals 

Cadmium 

(as Cd)     

ppm 

Chromium 

(as Cr)  

ppm 

Copper  

(as Cu) 

ppm 

Lead        

(asPb) 

ppm 

Zinc  

(asZn) 

ppm 

Mercury       

(as Hg) 

ppb 

 Waste Fractions 

>77 mm 39,67 52,68 7,65 0,13 13,40 11,75 21,67 29,17 35,26 

55-77 mm 67,67 27,13 5,21 0,12 3,02 16,85 42,77 20,17 3,88 

14-55 mm 71,79 22,38 5,83 0,08 3,27 19,70 21,46 59,54 6,85 

<14 mm 50,79 26,57 22,64 0,15 5,13 7,82 20,89 24,59 43,50 

 Waste Categories 

Organics 71,30 20,44 8,26 0,36 10,81 9,51 11,64 40,99 21,66 

Paper 52,00 40,45 7,55 0,26 2,96 18,72 52,73 19,16 11,80 

Plastics 41,43 50,61 7,96 0,13 9,10 8,05 18,09 22,53 15,48 

Textiles 41,16 55,50 3,34 0,11 9,64 19,01 105,97 12,65 7,13 

Composites 19,39 69,83 10,78 0,23 1,93 18,21 31,30 151,89 31,72 

Liquids 85,45 13,01 1,54 0,16 0,91 3,82 5,15 21.62 11,54 

 

The results from elution test as shown in Table 21 are below the limit values for eluate according to 

German deposit ordinance. 

 

Table 21: Elution test results (Litter Spots) 

Waste 

Fraction 

Electrical 

conductivity 

(EC), μs/cm 

Total 

dissolved 

solids(TDS), 

ppm 

Pesticides Heavy Metals 

Cadmium 

(as Cd)     

ppm 

Chromium 

(as Cr)  

ppm 

Copper  

(as Cu) 

ppm 

Lead        

(as 

Pb) 

ppm 

Zinc     

(as 

Zn) 

ppm 

Mercury       

(as Hg) 

ppb 
10% sample 10% sample 

>77 mm 873,33 524 ND 0,02 0,11 0,12 0,20 1,18 6,59 

14-77 

mm 

986,67 591 ND 0,03 0,13 0,19 0,22 1,63 6,44 

<14 mm 1046,67 628 ND 0,03 0,12 0,36 0,12 2,61 3,69 

 

7.3  Net Calorific Value 

The net calorific value of mixed waste is necessary for deciding thermal treatment options i.e. 

Incineration. Net Calorific value (NCV) of D2D waste stream is found to be 11.02 MJ/kg when all fraction 

groups are considered (>77 mm, 55-77 mm, 14-55 mm, and <14 mm). Similarly for LS and SS, the NCV 

was found to be 5.83 MJ/kg and 4.21 MJ/kg respectively (Table 22). Finally, the overall NCV was 8.10 

MJ/kg by considering waste stream ratio of 50%:30%:20% (D2D:LS:SS) and 8.78 MJ/kg for the ratio of 

60%:30%:10%.  
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Table 22: Calculation of net calorific value for mixed waste  

Waste 

Streams 

Parameter Net Calorific Value [MJ/kg] Total NCV 

[MJ/kg] 
D2D:LS:SS D2D:LS:SS 

>77 

mm 

55-77 mm 14-55 mm <14 

mm 
50%:30%:20% 60%:30%:10% 

D2D NCV 14.31 14.11 7.25 8.61 11.02 5.51 6.61 
% share 34% 19% 38% 9% 

LS NCV 12.30 3.86 1.68 1.78 5.83 1.75 1.75 

% share 35% 17% 36% 12% 

SS NCV    0.65 4.21 0.84 0.42 

% share 26% 15% 36% 24% 

Overall NCV [MJ/kg] 8.10 8.78 

 

7.4  Respiratory Activity (RA4) 

The respiratory activity was conducted to evaluate the stability of waste according to the German 

landfill ordinance. The limit value for stabilized waste is 5 mg O2/g TS that can be deposited in landfill. 

The summary of the study results are mentioned in Table 23. As it can be seen, the values of all analysed 

waste fractions exceed the given limit values for biological activity. Hence, a direct deposing of these 

waste fractions on a landfill cannot be recommended to avoid damage to the landfill body and 

emissions due to biological conversion processes and reactions to landfill gas and leachate. However, 

compared to literature values of raw waste the given results are low. This could be a result of the rather 

long storage period of the waste samples, which means the actual values could assumed to be higher. 

Moreover, this test is not yet standardized in India and was executed with borrowed equipment from 

Germany, but under Indian circumstances. Therefore the results are more qualitative instead of a 

quantitative. 

 

Table 23: Summary of the RA4 results 

Sample Waste streams Oxygen uptake (mg O2/ g DM) 

Moisture 

content (%)
1
 

> 77 mm 14 – 77 

mm 

< 14 mm Limit Value for Waste 

Deposit on Landfill
1
 

Door-to-Door 50 15.0 19.4 5.8 < 5 

Litter Spots 50 22.4 25.2 25.9 < 5 

Street Sweepings 50 24,3² 12.8 < 5 

1 
As per German Landfill Ordinance, 

2 
Only for Organic Fraction 
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7.5  Comparison of Carbon, oDM and TOC contents (for D2D) 

The carbon content and oDM among different screened fractions are shown in Table 24.  

 

Table 24: Comparison of carbon contents with oDM and TOC for D2D 

Parameters Fraction group 

>77 mm 14-77 mm <14mm 

Carbon (%) 49.4 42.3 30.0 

oDM (%) 59.7 55.0 57.0 

TOC (ppm) 1700 1600 1200 
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8  Conclusion and Recommendations 

The results from the waste characterization study indicated some patterns in waste generation among 

different strata, i.e. high, medium and low density areas. The sampling volumes and procedure were 

executed with high statistical relevance and the results can be assumed to be representative of the 

waste generated in the study area. It was observed that the average per capita waste generation in High 

density areas was 0.393 kg, 0.435 kg in Medium density areas and 0.519 kg in Low density areas. The 

average daily per capita waste in all three strata was 0.431 kg. It might be useful to consider these 

volume differences while designing the collection system.  

From the overall waste composition, organic composition was the highest at 62.6% as expected and 5 

other main categories – plastics, paper, textiles, fines and composites contribute about 31% of the total. 

These five categories account for over 93% of the total waste and hence the efforts for further sorting 

can be focused on these categories. 

The chemical analysis reveals a low C:N ratio of about 18:1 for the organic waste of all streams which is 

insufficient for composting. Hence if the entire waste is composted, additional carbon source might be 

required, otherwise it might lead to Nitrogen losses during the process due to insufficient biomass 

growth to fix nitrogen. The ideal C:N ratio required for composting is 35:1 and the D2D stream 

separately has 29:1, litter spots is 33:1. This might be due to carbon contribution from other streams 

such as paper, plastics, etc. which is not suitable for composting. These values are for pre-composted 

waste. 

The heavy metal values for D2D and street sweeping samples are not conspicuous and there is less 

probability of adverse health impact. The cadmium value in paper was over 6 ppm which is a concern 

and the source of this need to checked and acted accordingly. Lead was remarkable higher in street 

sweeping and litter spots compared to D2D stream which might be due to lead in oil or other fuel. 

However, the source of it needs to be verified.  

The respiratory activity indicates that the waste is still biologically active and will produce landfill gas 

and leachate after landfilling. The similar values of RA4 are due to similar carbon content in the different 

fractions. The elutes from D2D and litter spots was less than the limit value of the German deposit 

ordinance. Hence from European perspective it is recommended to tread and stabilize the waste before 

landfilling. 

The net calorific value of the waste is about 8.10 MJ/kg which is sufficient for thermal treatment but 

not highly suitable for energy recovery. The waste from D2D stream, however is 11.02 MJ/Kg, litter spots 

is 5.83 MJ/Kg and street seeping is 4.21 MJ/kg. The energy values of the latter two streams are too low 

for separate thermal treatment or energy recovery. The D2D stream contained 35% moisture and litter 

spots had 55%, however slight moisture losses occurred during the study and hence the actual net 

calorific value might be lower. 

In the Door-to-Door collection waste stream, the major category was organics as expected with a 

share of 67%. However, the screening results indicate that over 90% of the waste below the particle 

size of 55mm is organics. In the 55-77 mm fraction, the organics was about 67 %. Thus, a high degree 

of separation of the organic fraction in this stream can be achieved using a screen separation with a 

screen size of about 60-65 mm. 
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The share of hazardous substances and recyclables like PET, HDPE, glass and metals was rather low. It’s 

important to note that the sampling was done directly at the household level which didn’t allow any 

post-collection segregation (waste picking) of valuable materials. Hence, the waste stream in reality can 

be different as most of the valuables will be picked out manually. The comparison of the different 

densities does not show major variations. In the High density strata, the share of low quality plastics, 

textiles and composites was higher while the amount of paper was low. The analysis of the size fractions 

showed that the smaller fractions - 14-55 mm and <14 mm consists of over 90% organics with a higher 

moisture content. Recyclables and inert in these fractions are very low. The fraction >77 mm contains 

significant amount of valuables and high calorific value materials. The fraction 55-77 mm shows a 

similar composition as the overall waste sample. The high calorific fraction and valuables from the 

output stream and the organic stream can be further processed and treated separately by different 

techniques and hence this differentiation is very important. 

The variations of waste quantities among different strata for this stream (D2D) are high for some 

categories of waste. The organic fraction is 28.32% in High density compared to 18.92% in Low density 

among the total of 66.56%. The amount of textiles is 4 times higher in High density areas compared to 

Low density. Hazardous waste is just 0.05% in Low density area compared to 0.29% in High density 

areas. The variations can be attributed to economic and social structures of people which are important 

to consider for developing an integrated waste management plan. Deeper analysis of the secondary 

categories indicate more variations for the sub-categories and it is important to consider them if the 

infrastructure for higher source segregation needs to be planned and this can also influence the 

treatment systems, especially if the waste from different strata are transported to different treatment 

plants. 

Litter spots show a similar composition to Door-to-Door collection. The percentage share of valuable 

materials decreases with increasing population density. High density shows a high share of low quality 

plastics. As litter spots are suspected to be primarily caused by household waste, they have the same 

origin as the Door-to-Door collection waste. Also, the initial composition of litter spot waste changes 

due to interference from animals, wind, precipitation, solar radiation, temperature and human activity. 

The litter spot waste could be treated in a similar process as the Door-to-Door collection waste since the 

differences are insignificant. 

Variations of waste composition for different strata were evident for many categories of waste similar to 

Door-to-door system. The percentage of organics was 27.25% in high density strata compared to 

18.39% in low density areas. The percentage of plastics and textiles was more than low and medium 

density areas which is similar to the Door to door stream. However, it is important to note that these are 

mostly low quality plastic materials. The hazardous waste percentage was almost similar in all strata 

unlike the door to door stream. 

The composition of street sweeping shows no greater variation compared to Door-to-Door collection 

waste. However, the inert share is significantly higher due to soil and stones swept from the streets. The 

total percentage of inert is about 3.5% and this can have a high influence for designing further sorting 

process. It can be expected that the inert share of <14 mm will be high, as sand and silt is collected by 

street sweeping. The high share of inert in the street sweeping waste stream could lead to higher 

abrasion at treatment technologies, which increases the maintenance costs and technical effort. Hence, 

a separate collection of street sweeping waste from D2D and litter spots could be beneficial. Also, the 
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share of valuables is lower which might be because the waste stream is easily accessible to waste 

pickers. 

The variation among different strata can also be observed for many categories. Organics are 26.35% in 

High density area compared to 19.31% in the Low density area. However, the majority of this was yard 

waste. Similarly, paper, plastics and inert are higher in the High density area compared to Low density. 

This study has resulted in determining the detailed waste characteristics of the west zone in Bangalore 

which can be used as a base to prognosticate the waste amount of the entire city and to design 

collection and treatment systems. This gives an indication that the waste composition pattern in 

Bangalore is not uniform among all the densities and hence these patterns need to be considered. 

Moreover, as segregation and treatment processes now can be proposed, a high quality outcome can be 

expected 
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1 Introduction 

Municipal solid waste (MSW) management is associated with the control of waste generation, its 

storage, collection, transfer and transport, processing and disposal in a manner that is in accordance 

with the best principles of public health, economics, engineering, conservation, aesthetics, public 

attitudes and other environmental considerations (IIS, 2009). Waste collection includes gathering of 

waste and hauling them to the location where the collection vehicle is emptied, which may be a transfer 

station (i.e. intermediate station where wastes from smaller vehicles are transferred to larger ones and 

also segregated), a processing plant or a disposal site. MSW collection system includes various 

techniques, equipment and facilities that are used to improve the efficiency of treatment and disposal 

solution as well as recovery of useable material and energy. Collection and its efficiency depend on the 

types of container, frequency of collection, types of collection services and routes as well as its user 

acceptance. Typically MSW collection is provided under various management arrangements, ranging 

from municipal to franchised services, and under various forms of contracts (Ramachandra, 2009).  

Every MSW management system requires individual solutions to its collection assignment considering 

specific conditions of that area or region. Most important for the development of a MSW collection 

concept and its efficiency influencing factors are: population of the defined area, quantities of waste 

generated, waste composition, climate conditions, existing waste treatment facilities, public waste 

storage/disposal behavior, end product utilisation, funding etc. Thus, it is imperative to put in place an 

effective waste collection system for designing proper treatment and end disposal solution as well as 

resource recovery.  

The collection of municipal solid waste contributes to approx. two-third of all costs involved in waste 

management and is therefore considered as a very important part of the entire waste management 

system (Nilson, 2011). The general task of municipal solid waste collection is the collection of household 

and household-like waste at or near the source of generation and its transportation to a downstream 

waste treatment or disposal facility to ensure high environmental standards within the settlements. The 

collection of solid waste “involves both the provision of a service and the selection of appropriate 

technologies” (Theisen, 2002) and is performed by a vast variety of technologies and concepts around 

the globe. Every concept is adjusted and tailor-made to the specific conditions of a certain city / region / 

country. Major parameters for the development of a MSW collection concept are apart from financial 

aspects climate conditions, waste composition, waste quantities, population and waste generation 

development, building- and infrastructure, existing downstream waste treatment facilities, public waste 

disposal behavior, end product utilization, etc.  

Apart from the high cost required for waste collection, the importance of waste collection for an 

integrated waste management system is also given through its role as connection between the waste 

generators and the downstream waste management and treatment system. The effectivity of the 

municipal waste collection determines the share of littering and unrestrained dumping of waste. 

Furthermore, a waste collection system can determine the type of downstream treatment and disposal 

technologies, depended on the collection quality, extend of segregation and quantity (Nilson, 2011). An 

intelligent choice of container volume can help to reduce waste generation per capita as well as the 

introduction of take-back systems. To decrease costs in waste management, expenses for waste 

collection have to be evaluated and planned thoroughly. The development of a MSW collection scheme 

requires a close evaluation of the current MSW situation in the specific area and involves many 

organizational matters (i.e. collection bins, type of waste segregation, collection vehicles, collection 

frequency, place of collection, routes and cost recovery system by waste fees and payments). Before the 
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waste is feed-in the public collection system, it has to be stored near the source of its generation. Waste 

is usually stored in bags, bins or waste container. However, in most of the low-income countries waste is 

often disposed directly on litter spots, illegal dumping sides which are later on cleaned by the 

authorities. For all systems, it has to be found a financial compromise solution between the availability 

of residents personally handing over waste and the availability of space (inside or outside the 

households) for storing the waste with accessibility for waste collection. Additionally, alternatives to the 

main collection system have to be offered (i.e. collection yards in bring systems). The delivery of waste 

via collection yards improves the collection quality significantly.  

In western countries, handing over waste personally has shown to be insufficient as the availability of 

people and waste collection timings could not be coordinated. Thus, waste is stored in bins / bags with 

accessibility for waste collection at the curbside or at community areas. The intermediate storage of 

waste, however, requires a certain amount of space, which is not always available in i.e. high density 

areas of emerging countries. Furthermore, different climatic conditions may lead to increasing odor 

emissions if waste is stored for several days. Waste in outside storage might also be accessible to 

vermin, birds, stray dogs and other animals and lead to sanitary problems. Bins can be used in curbside 

collection or as community bins in a bring system. Bins and container show a higher resistance against 

animals and pointy waste items. A disadvantage of waste bins usually is the need for storage space on 

community areas or within the premises of residents. Many different types of waste bins are available 

on the market and currently in use around the globe. Waste bins can be made of various materials like 

steel or highly robust plastic (i.e. HDPE) and mounted on wheels or designed for lifting / carrying. Big 

container can have compaction systems to increase the volumetric efficiency. Segregation systems can 

be implemented through different types of bins / container for each waste stream, or through separated 

compartments in one bin. Bin and Container can also be constructed underground to reduce the 

required space on the surface. Within the vast variety of bins system, each system shows certain 

benefits and disadvantages which have to be evaluated for each area regarding financial, political and 

technical aspects as well as public acceptance. The same applies for waste collection vehicles. The 

decision for front-, side- and rear-loaders, tipping or non-tipping vehicles, vehicles with or without 

compaction or automatic lifting mechanism depends on the specific conditions of the respective waste 

management area.  

The treatment and disposal of waste is also strongly dependent on the type and efficiency of the 

upstream waste collection system.  

 If organic waste is collected separately to reduce the level of pollution, high quality compost 

can be a desired waste treatment output. 

 If valuables are collected in a separate collection mechanism (for each material category 

individual or all together) to reduce the technical sorting effort and to increase the recovery 

rate and quality, recycling of valuable materials can be an objective for collection. 

 If a separate collection of non-recyclable, high calorific materials is implemented, the 

production of high quality secondary fuels can be achieved.  

 If all waste categories are collected mixed in one bin, technical sorting efforts at the waste 

treatment level is significantly higher and results in low quality end products. High financial 

investments in more sophisticated treatment systems are required, with low revenue from the 

marketing of end products. 
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Apart from educational and behavioral aspects, to promote segregation of waste a suitable segregation 

infrastructure has to be implemented simultaneously. However, a regular collection system is only 

economical, if certain quantities of the segregated waste stream are generated all over the year (Nilson 

and Christensen, 2011). Waste with no frequent generation (i.e. construction and demolition waste) has 

to be collected with a separate, generation specific system (bring and pick-up system). 
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2 Existing Status of Waste Generation and Collection System 

Bangalore is one of the fastest growing metropolitan cities in South India. It is the state capital of 

Karnataka and the sixth largest city in India. The city gets moderate rainfall of around 900 mm largely 

between June and October (Ramachandra, 2009). According to the Census of 2014, Bangalore city has a 

population of around 10 million. As a fast growing city, Bangalore is beset with the usual problems of 

inadequate waste collection and management, due to constraints such as lack of finance and other 

resources, deficiencies in equipment and workforce, and paucity of space for disposal. The city is under 

the jurisdiction of Bruhat Bengaluru Mahanagara Palike which is also the municipal body. The 

administrative area is divided into 8 zones and 198 wards (BBMP, n.d.). The focus of this study is 

44 wards of West Zone, Bangalore. The total study area of West Zone is 46.70 km
2
 consisting of 

1,248 polling booths and 1.66 million population. 

From the preliminary waste characterization study by ISAH (ISAH, 2015), the average per capita waste 

generation in the West Zone of Bangalore is estimated depending on the population density with 

0.393-0.519 kg per day. Thus the West Zone itself produces around 715 tons (whereas in total of 

4310 tons, excluding street sweepings and drain cleaning waste) of solid waste per day and BBMP has 

miserably inadequate infrastructure in managing the collection, processing, treatment and disposal of 

these solid wastes generated. It is estimated by The Forward Foundation that nearly 80% of the total 

waste is generating from residential structure (households, small commercial establishments etc.) out of 

which 50% is collected from Door-to-Door and 30% is deposited on roadside as Litter Spots, which is 

cleared later on. And the rest 20% of the total waste is generating from Street Sweepings (TFF, 2015b). 

Residential wastes are generated from household level (typically single family homes, apartments, and 

condominiums), small commercial establishments and similar sources which are mainly collected from 

Door-to-Door. Some household level waste, generated from small shops, vegetable market waste etc. is 

commonly deposited on the road side, which are termed as Litter Spots Majority of wards in the West 

Zone have a minimum of 40-50 litter spots (TFF, 2015a). Non-residential wastes that are generated and 

collected from open spaces, streets, gardens, etc. belong to street sweepings. Tree trimmings, sand and 

inert materials are the major sources of waste in this category.  

For physical waste composition, it is seen from characterization study that about 63% organics made up 

the largest share of the overall waste stream (Figure 2). Plastics followed at about 10%, while other 

major categories Paper, Textiles, Fines and Composites represented 9%, 5%, 4% and 3% respectively of 

the overall MSW stream (ISAH, 2015).  
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Figure 19: Overall MSW composition for West Zone, Bangalore City (ISAH, 2015) 

 

Chemical analysis data from ISAH study showed that the C/N ratio of the organic fractions is approx. 

19:1 which is too low for effective biological process like composting. The carbon content is between 

30-70%, hence further treatment for its reduction or transformation needs to be considered. The net 

calorific value (NCV) of mixed waste is found as 11.02, 5.83 and 4.21 MJ/kg for door-to-door, liter spots 

and street sweepings, respectively whereas the overall NCV is 8.10 MJ/kg. 

Most of the residential wastes (50%) are collected through door-to-door collection system. Waste in 

this category is collected from the households by BBMP Pourakarmikas, private contractors or NGOs 

mainly through push-carts and auto tippers. It is then transferred to compactors or trucks and 

transported to the disposal points.  However, some part of these residential wastes is not collected from 

door-to-door that are eventually ended up in Litter Spots in street corners, vacant sites, etc. The Litter 

Spots are cleared irregularly, ranging from days to months. The waste generated through street 

sweeping is collected along with the primary collected waste. Some categories of waste such as 

newspapers, milk covers, etc. often do not end up in this stream because they are collected separately 

mostly by the informal sector due to its economic value. Hazardous waste, biomedical waste, electronic 

waste or any other waste which is collected separately is not included in this study since they don’t 

enter the MSW collection system. However, if such waste generated in households and disposed into the 

primary collection stream, it is accounted in this study. 

According to estimations by TFF, the number of all personnel employed in solid waste management of 

West Zone, Bangalore (incl. auto drivers, street sweeping staff, compactor personnel, area supervisors, 

etc.), amounts 9193. Approx. 6091 people are employed in street sweeping, but are also engaged in the 

waste collection form D2D (TFF, 2015b). The number of collection autos amounts 991, the number of 

secondary collection vehicles 217 (incl. compactors).  
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Gaps and errors in the collection system can be related to the following factors (TFF, 2015b): 

 Lack of proper planning of costs for collection services by contractors. Contractors are forced to 

reduce the number of resources on ground to break even.  

 Maintenance costs of primary and secondary collection vehicles are not accounted in the tender 

 The transportation cost for the compactor is calculated by planning costs involved for only one 

way, i.e. when the vehicle goes for dumping and not while returning. 

 Unaccounted extra expenditures like toll fees.  

 Delayed payment of services 

 Inability to retain employees due to delayed and low payment 

 Difficult to retain compactor and tipper lorry drivers 

 Unwillingness of contractors to invest in buying own garbage collection vehicles because of 

short term tender periods 
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3 Decision Parameters  

For an effective reduction of collection costs, collection logistics and routes have to be planned 

adequately. Firstly, an initial cost evaluation of collection distances, timings and fuel costs have to be 

conducted to compare different concepts, which will be done in this study. However, the selection 

process of one concept does not only have to consider financial aspects, but also its feasibility on 

ground. Schuster and Schur (1974) have proposed several guidelines for the planning of collection 

routes and the evaluation of collection concepts: 

 Existing policies and regulations regarding characteristics as collection point and frequency 

have to be identified 

 Existing Systems (Vehicle Type, Container, Employees) must be considered 

 Routes should be laid out so that the last container to be collected on the route is located 

nearest to the disposal site. 

 Wastes generated at traffic-congested locations should be collected as early in the day as 

possible. 

 Sources at which extremely large quantities of wastes are generated should be serviced during 

the first part of the day. 

 Scattered pickup points where small quantities of solid waste are generated that receive the 

same collection frequency should, if possible, be serviced during one trip or on the same day. 

To decide for one specific collection system, several decision parameters have to be created to assess the 

benefits and disadvantages of waste collection concepts. According to Huber and Kranert (2014), waste 

management systems (including collection) should be designed considering the following parameter: 

 Economic Feasibility     Capital and Operational Expenses 

 Market demand for End products 

 Resource Efficiency 

 Greenhouse Gas Emissions    Requirements of Waste Treatment 

 Reliability of Disposal 

 Feasibility of integration in existing systems 

 Long-term Safety 

 Reduction of Emissions 

 High sanitary and health standards   Social Feasibility and Acceptance 

 Social Feasibility  

 Public Acceptance 

Moreover, in established systems the provided receptacle volume influences the waste generation per 

capita. As more volume is provided, more volume is generated. In other words, collection systems with 

small but adequate volumes help to avoid waste generation and improve quality of recyclables 

(Weichgrebe et al., 2015). 

To conduct this study and to evaluate different collection scenarios and options, the parameters 

described above are combined to three major categories “Capital and Operational Expenses”, 

“Requirements of Waste Treatment”, “Social Feasibility and Acceptance”, which are presented in the 

following sub-chapters. 

 

  

Both “Requirements of Waste Treatment” and 

“Social Feasibility and Acceptance” 
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3.1 Capital and Operational Expenses 

Waste Collection has a high share in the total waste management expenses (Chapter 1). On an 

international scale budget for waste management is very low In India. Hence, even small cost reductions 

and process optimizations have a significant impact on total waste management expenses. 

Municipalities and private entities usually have limited space and capital to bear waste management 

costs, which is why waste collection expenses are chosen here as a decision parameter. 

It has to be distinguished between capital expenses and operational expenses. Capital expenses (CAPEX) 

describe the investment costs necessary for the implementation of the system. Major capital expenses 

are required for structural elements (i.e. loading and transfer building), vehicles (i.e. waste collection 

vehicle), receptacles (i.e. bin, container), equipment (i.e. logistic and coordination tools), etc.. Capital 

expenses are depreciated over a determined time period and should also reflect the lifetime of the 

respective objects. The comparison of initial invest expenses can be optimized if they are broke down on 

annual depreciation costs while reflecting the material durability. For a better comparison, it is initially 

assumed that all systems are constructed and implemented without using existing structures. On a later 

stage the concepts are evaluated regarding the degree of utilization of existing structures and 

equipment. This study will focus on both total and annual capital expenses and use these values as a 

decision parameter. 

Operational Expenses (OPEX) describe the frequently arising costs per time unit for the execution of the 

collection service. Regular expenses for operating the collection system are required for fuel (i.e. 

collection vehicles), labour force (i.e. vehicle driver), equipment maintenance, accountancy, third party 

services (i.e. legal consultation, insurances), taxes, etc. This study focuses on major matter expenses as 

fuel and labour costs, as primary cost differences between the collection concepts are expected to be a 

result of these two cost factors. Costs for maintenance, taxes, and third party services are assumed to 

show low influence on the cost difference between systems and are therefore not suitable as a decision 

tool. However, to estimate the entire operational expenses, theses cost factors are added as a 

percentage share to the estimated labour and fuel costs. The estimated annual operational expenses will 

be used as a decision parameter in this study. 

Apart from the individual evaluation of capital and operational expenses, both will be analysed together 

as an annual cost factor. Based on the total amount of operational and capital costs per time unit, the 

system with the lowest required expenses can be determined.  

 

3.2 Requirements of Waste Treatment 

As discussed above, waste collection can have a significant impact on the waste treatment as well as 

the efficiency and quality of the production of end products. If collected waste is accepted mixed, a 

higher technical sorting effort is required on a later process step with a reduced sorting quality. The 

more a specific valuable waste fraction can be collected separately, the better the quality of the desired 

end product will be. Hence, a collection system can be designed according to the desired downstream 

treatment method, regarding and including the requirements of the treatment technology and the 

market demand for specific end products.  

According to waste analysis studies guided by ISAH in the city of Bangalore (ISAH, 2015), Organic waste 

is the largest waste category with a mass share of 63 %, followed by Plastics with 10 % and Paper with 

9 %. However, as Indian recycling markets are quite strong due to private monetary incentives, a high 
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share of valuables like high quality plastics, glass bottles, metals and papers are collected and sold 

separately to private recyclers and are not entering the public waste collection system (ISAH, 2015). 

Valuable materials still entering the waste collection systems are picked out to large shares by so-called 

waste pickers. Hence, valuable materials are already segregated with high efficiency through private 

collectors. An additional public collection infrastructure for these waste categories is therefore not 

recommended at this point of time. The municipal solid waste analysed in the City of Bangalore shows 

high shares of low quality plastics and papers, which could be used as a substitute for fossil fuels in 

thermal combustion processes. The organic fraction, if collected in an adequate way, could also be used 

for the production of high quality fertilizer. If organics and other waste categories are mixed together 

and used for rotting, the resulting rotting product will show high contamination with plastics and also 

higher heavy metal values (ISAH, 2015). Landfilling is recommended for this product, rather than an 

application as fertilizer. Mixed waste could also be dried and used by its calorific potential in thermal 

processes.  

In conclusion, many different end treatment processes are possible. All processes have to reflect the  

usability and marketability of the end products. As valuable materials are already collected separately, 

they are excluded from this analysis. The remaining end products are organic fertilizer, substitute fuel 

and biologically stabilized landfill material. Separately collected waste requires the help of all residents 

and waste generators through storing their waste segregated. As segregation at source in Bangalore is 

currently rather low and waste segregation behavior usually changes slowly, large quantities of mixed 

waste can be expected in the collected waste system. 

Three different waste segregation systems will be evaluated in the following according to their 

feasibility and market demand for the respective end products:  

 Three Bin System: 1 Mixed Waste Bin, 1 Wet Waste (Organic) Bin, 1 Dry Waste (Non-Organic) Bin 

 Two Bin System, Compost like: 1 Wet Waste (Organic) Bin, 1 Mixed and Dry Waste Bin 

 Two Bin System, High Calorific: 1 Dry Waste (High Calorific) Bin, 1 Mixed and Wet Waste Bin 

 

3.3 Social Feasibility and Acceptance 

Social factors are fundamental for a successful waste management system, apart from financial and 

technical aspects. As waste collection is highly dependent on the participation of the general public, 

every system has to be designed with the consensus and considering the expectations and behaviors of 

residents and waste generators. Waste generators have to give their waste to the collection operator in 

a certain way. If segregation of waste is desired, waste generators have to separate and store their 

waste within the household in different receptacles. Depending on the type of the collection and 

segregation systems, behavioral changes are required from the waste generator. Behavioral changes can 

be facilitated by public educational campaigns, information flyers and brochures, awareness raising 

activities, special lectures in nursery, primary and high school as well as colleges and universities. 

However, a newly designed collection system has to be developed in the frame of feasibility. Vast 

behavioral changes within short time are not likely to happen. Hence, a collection system has to be built 

on the existing structure and regarding the current behavior of people. According to Nilson and 

Christensen (2011), the degree of participation of a waste generator is dependent on an easy access to 

the right bin. “(…) The user may seek alternative or incorrect ways of disposing of the waste if it is too 

demanding to bring the waste to the right point of collection.” (Nilson, Christensen, 2011). Waste 

collection systems have to be designed providing a high level of convenience in disposing of waste for 
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the users. However, even after years of successful operation waste management systems have to be 

adapted to social and political changes i.e. consumption, finance, and environment.  

In the City of Bangalore, many different systems of waste disposal are prevailing. Whereas in apartment 

buildings central waste collection bins are existent (often under the supervision of a responsible person), 

waste is collected from each household by trucks or street sweepers or disposed on litters spots in 

residential areas. It can be assumed that apartment buildings show a high level of waste collection as 

each building has an own central waste container. Residential areas lack of collection efficiency due to 

low frequency and irregular timings of the waste collection trucks, a small time frame for the waste 

collection where some residents might be out of house, areas with no waste truck coverage due to 

narrow streets, etc.  

Waste bags, made of plastic, are able to contain also wet waste without leachate and reduce odor when 

closed adequately. Full waste bags are put outside the house / on the curbside on the day of waste 

collection. Compared to other storage systems, waste bags show advantages with low capital expenses, 

low storage space and easy handling. Nevertheless, they have low resistance against vermin, birds and 

other animals as well as sharp items. Due to the high rate of street animals in the City of Bangalore, a 

waste collection system based on waste bags is considered to have low social acceptance, as waste of 

broken bags will get spilled in the streets. Hence, a bag collection system is not regarded in this study.  

Curbside collection bins are rare in the City of Bangalore due to a lack of space on the streets and 

within the houses / households. Curbside bins i.e. of 60-120-240 L, which are used in western countries, 

are often too large for small residential households. Furthermore, the population density in western 

countries is many times lesser than in India, which is why collection systems in the two regions are not 

comparable. Additionally, as organic waste shows undesired odor emissions after short time due to high 

temperatures, waste cannot be stored too long in or around the houses, which is why only small bins are 

applicable for households. Moreover, existing waste collection vehicles have very limited capacities to 

lift a filled waste bin of i.e. 60-120 L on the truck for discharging. Open curbside bins also attract 

vermin, birds and other animals. Lastly, for large areas curbside collection would be a new system of 

waste collection, which requires fast behavioral changes. Based on the initial assessment, curbside 

collection is not seen as a feasible option for most parts of the City of Bangalore and will not be 

regarded in detail in this study. 

Door-to-Door collection collects the waste directly from the generators personally. This system has 

existed in Bangalore for years, so certain degree of social acceptance and behavioral adaption can be 

assumed. However, a clear time schedule has to be maintained to enable users to plan accordingly. As 

this is not possible in the current system, narrow streets impede a collection coverage with trucks to 

100 %, waste is disposed on litter spots.  

Community Bins, which are placed within a certain radius of convenient walking distance, could provide 

waste collection service for areas which are not covered by the regular waste truck collection or for 

residents and commercial establishments which cannot dispose their waste during the regular collection 

time. Community Bins are commonly used in western countries with semiarid or subtropical climate. 

Whereas the Door-to-Door collection system has a small time frame of collection, Community Bins are 

accessible 24 hours a day. Waste of litter spots could also be collected through Community Bins. An 

adequate maximum walking distance has to be identified to make the system not too demanding for 

users, but in compliance with financial aspects and space availability on ground. Additionally, a bin 
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design has to be chosen which is user-friendly and prevents odour emissions or access to the waste for 

animals.  

An overall criterion is also the work safety of the waste collection personnel. Manual handling of waste 

and lifting of heavy items should be avoided in the following system design. An automatic system of 

lifting as well as the handling of waste in adequate receptacles is preferred.  As a result, each scenario 

analysed in this study will be evaluated regarding its social feasibility. Public acceptance and social 

feasibility will be a decision tool for assessing the proposed collection options. 
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4 Calculation Basics 

This chapter covers explanation of the basic calculation for the waste collection system for West Zone, 

City of Bangalore. The calculation is divided into seven parts:  

(1) bin volume estimation,  

(2)  vehicle loading capacity,  

(3)  number of required vehicles,  

(4)  fuel consumption and CO2 emission,  

(5)  required number of bins,  

(6)  capital expenditure and  

(7)  operational expenditure.  

The basic calculation is conducted by using input parameters from the solid waste characterization 

study in West-Zone, Bangalore (ISAH, 2015). However, supporting data and assumptions are taken to 

proceed with the calculation.  

Considering the current collection situation and waste characteristics in West-Zone, Bangalore 

(Chapter 2), three waste collection scenarios are proposed. Scenario 1 is a supplementary of door-to 

door (D2D) collection with community bins. Scenario 2 considers MSW collection solely via community 

bins, and Scenario 3 considers MSW collection solely via door-to-door. Furthermore, since the waste 

segregation will affect the decision of treatment and waste disposal, the calculations are conducted 

following three waste segregation options: wet, dry and mixed. Figure 20 summarizes scenarios and 

options considered in this calculation. 

 

Scenario 1: D2D and 

community bins collection 

Scenario 2:  

Community bins 

Scenario 3:  

Door-to-Door 

         

Option 1 Option 2 Option 3 Option 1 Option 2 Option 3 Option 1 Option 2 Option 3 

         

Wet, dry, 

mixed 

Dry and 

wet+mixed 

Wet and 

dry+mixed 

Wet, dry, 

mixed 

Dry and 

wet+mixed 

Wet and 

dry+mixed 

Wet, dry, 

mixed 

Dry and 

wet+mixed 

Wet and 

dry+mixed 

Figure 20: Waste collection scenarios and options considered in the calculation 

 

The results of waste characterization study for West-Zone Bangalore (ISAH, 2015) showed that each 

stratum has its own specific waste composition. Therefore, it is necessary to distinguish the collection 

system based on these three strata. The strata information is given in Table 1. 
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Table 25: West-Zone Bangalore area with stratification based on population density (ISAH, 2015) 

Strata Area 

[km²] 

Number of 

population 

Population density 

[people/km²] 

Average number of 

person per household 

Low density (LD) 31.88 479,221  15,032 3.82 

Medium density (MD) 8.95 469,478  52,455 4.03 

High density (HD) 5.87 708,564  120,709 4.13 

 

To ensure the reliability of the calculation and to account for additional commercial waste from small 

establishments in both collection types as well as street sweeping waste in the community bin 

collection, several safety factors are considered. For waste generation, a safety factor of 1.1 for door-to-

door collection and 1.2 of for community bins are applied to accommodate waste fluctuation in the 

waste generation and covers the waste from street sweeping and commercial areas. Furthermore, for the 

travel distance a factor of 1.5 is chosen to account for longer distances of the road network in reality.  

The calculation is done by considering the situation in West Zone, City of Bangalore, India. However, the 

input parameters can be changed following the necessary conditions. In this study, the results of the 

basic calculation for selected scenario and option will be analyzed and weighed in Chapter 5, while the 

sensitivity of the input parameters will be tested in Chapter 6.  

 

4.1 Bin Volume Estimation 

Depending on the collection type, two different approaches are used to estimate the bin volume. For 

door-to-door collection, the vehicle volumetric capacity is the limited factor (due to its dimensions to 

account for narrow streets on ground), while for community bin collection, the collection frequency is 

more decisive. The following sub-chapters will explain the basic calculation for door-to-door and 

community bin collection. 

 

4.1.1 Door-to-door collection 

Door-to-door (D2D) collection will have primary collection vehicles (PCV) which go through the area to 

collect waste from households. The required input parameters are: 

 

 Limited bin volume 

Since the PCV will go through all of the households to collect the waste, it is important to ensure 

that the designed vehicles are able to pass through the street. Therefore, the street width is the 

decisive factor and bin volume is limited to 2 m
3
 in the calculation. By this volume, it is assumed that 

PCV with limited volume of 2 m
3
 can go through all street type and width in every stratum. This 

value is applied to all of the strata but left open to be tested in Chapter 6 for sensitivity. 

 

 Waste density 

Waste density is an important input parameter in the calculation. The values, which are summarized 

in Table 2; are taken from the waste characterization study for West-Zone Bangalore (ISAH, 2015) 



   

 

64 

and relevant literature. The densities are distinguished for three segregation types of waste: dry, wet 

and mixed. Since the waste densities are not a fixed value over the time and area, the value in range 

is considered for each of the waste type. Due to this reason, the future calculation results will also 

appear in the range. Additionally, the densities of wet+mixed and dry+mixed waste are calculated as 

the input calculation for Option 2 and Option 3.  

 

Table 26: Waste densities of West Zone Bangalore (ISAH, 2015) 

Waste type Waste density [kg/m
3
] 

dry 120 – 150 

wet 350 – 400 

mixed 230 – 270 

wet+mixed 290 – 335* 

dry+mixed 175 – 210* 

*calculated manually, as an average from the respective waste type 

 

 Waste composition 

The calculation is conducted per each of the waste types, namely wet, dry and mixed waste. To 

know the volume distribution for each of the waste, the information about the waste composition is 

necessary. Since the calculation is done in volumetric units, the waste composition is also expressed 

as percentage volume by volume (% v/v). Based on the data from waste characterization study, the 

waste composition are different for each stratum as shown in Table 27. 

 

Table 27: Waste composition in percent volume by volume in Bangalore City (ISAH, 2015) 

Strata Waste composition [% v/v] 

dry wet 

Low density 58% – 60% 40% – 42%  

Medium density 56% – 58% 42% – 44% 

High density 57% - 62% 38% - 43% 

 

Even though the waste compositions among the strata are in the same range, the calculations of 

waste collection are conducted separately for each strata. By this way, it enables comparison per 

strata considering their waste characteristics, and also further changes of the input parameters, 

especially during the sensitivity analysis.  

 

 Segregation rates 

The collected waste is expected to have several degrees of separation due to future development. 

The degree of separation is represented by the segregation rates. As stated above, the current 

segregation rate in the City of Bangalore is low and the future rates are yet unknown. Therefore, the 

values of 2 – 20% segregation rate are considered in this calculation.   
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The bin volume is the multiplication results of limited bin volume (in m
3
), waste composition 

(in % v/v) and segregation rates (in %) for each respective strata and segregation rates. Besides 

that, the volume share (in percentage) for each type of waste and segregation rates is also 

calculated. The volume shares give a quick overview of volume distribution independent from the 

limited bin volume. This parameter will be useful to calculate the number of required bin for the 

curbside collection later on.  

 

4.1.2 Community bins collection 

Different from D2D collection, bin sizes in the community bins collection are not limited by volume. The 

collection point can be selected in a way that the community bin vehicles (CB vehicle) can travel 

through points to points to empty the bins, enhanced by a safety factor to consider the real structure of 

the road network. The bins are considered to be accessible for the community in 24 hours, but the 

emptying process is made to be varied in the calculation. The input parameters for the estimation of 

community bins volume are: 

 

 Radius of maximum convenient walking distance 

In the case of community bins, it is important to consider radius for one maximum walking distance. 

This is the distance each resident has to walk in maximum to the nearest community bin, but 

however, most residents have to walk less distance. According to the literature, a convenient 

maximum walking distance can range between 100-200 m (Gallardo, 2012). This is due to the fact 

that in the community bins system, residents need to deliver the waste to the collection points. 

Considering the population density, the radius of one maximum walking distance is determined 

separately for each of the strata. Higher density population area has smaller radius, as they have a 

higher number of households connected to one community bin. In the other way, one collection 

point can serve an appropriate number of population. In this calculation, the radiuses are determined 

as 200 meter, 180 meter, and 150 meter for low, medium, and high density respectively. However, 

the sensitivity of these values will be tested in the Chapter 6.  

 

 Population density 

Once the radius of maximum convenient walking distance for each of strata has been set, the areas 

are calculated. Furthermore, the population for each of the area is calculated based on the 

population density data given in Table 1. 
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 Per-capita waste generation 

The information about per-capita waste generation is needed to know how much waste will be 

generated in one area of maximum convenient walking distance. The values for each stratum are 

determined through the waste characterization study in the Bangalore (ISAH, 2015): 

 Low density area:  0.519 kg waste/person/day 

 Medium density area:  0.435 kg waste/person/day  

 High density area:  0.393 kg waste/person/day  

 

 Collection frequency 

Collection frequency defined as the emptying time of community bins per week. Collection frequency 

affects the bin sizes in the way that more frequent collection time, less bins volume is required. The 

other way around, if the bin will be emptied two times in a week, larger bin volumes will be needed. 

Since there is no specific guideline to determine the collection frequency, three options are 

calculated in this calculation: 7, 3, and 2 times in a week (3 times = one truck can be operated on 

two different routes per week, 2 times = one truck can be operated on three different routes per 

week; in order to reduce capital investments respectively). 

 

 Segregation rates 

Since the waste will be collected following several options (Figure 20), segregation rate is an 

important key parameter for the bin volume distribution. The same considerations applied as in the 

D2D collection. Hence, six variations of segregation rates between the ranges of 2 – 20% are applied.  

The calculations are conducted for each of the strata and for one maximum convenient walking 

distance. Since the calculation is based on one maximum convenient walking distance, the limited 

volume for one radius is determined. Moreover, depending on the collection frequency, the bin volume 

for each of the strata and segregation rates will be determined.  

 

4.2 Vehicle Carrying Capacity 

Vehicle carrying capacity is defined as the total weight that can be carried by one vehicle. Knowing the 

vehicle carrying capacity can help the selection of the suitable vehicles for the waste collection. The 

calculations are done for D2D and community bin collection. However, the approaches for both 

calculations are the same. Vehicle carrying capacity is the sum total of waste, bins and employees mass.  

The waste mass is calculated based on the respective waste volume that has been calculated in sub-

chapter 4.1. Depending on the selected bin, the information of the weight can be derived from the bin’s 

manufacturing data. The bin mass data is extrapolated as a function of volume. Two types of material 

for the bins are considered: steel and HDPE bins. For the steel bin, the equation used is: 

𝑏𝑖𝑛 𝑚𝑎𝑠𝑠 [𝑘𝑔] =  27.531 [𝑘𝑔/𝑚3 ] ∗ 𝐸𝑋𝑃(0.5149 𝑥 𝑏𝑖𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 [𝑚3]) 

For the HDPE bins, the mass is given as half of the steel bin’s mass.  
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Each collection vehicle is designed to have two employees for the operation. In the calculation, it is 

assumed that the employees have an average mass of 70 kg. Hence, the total mass for two employees is 

140 kg. Since the bin mass is roughly estimated, the result may lead to wrong conclusion. However, the 

calculations are open, so changes can be made when it is required or when the bin data are available.   

The calculations are done for each of the strata and the segregation rates for all of scenario and options. 

By using the current assumption for the bin mass, the overestimated vehicle carrying capacity for D2D 

collection are within range of 670 – 760 kg for the steel bins, and 630 – 720 kg for the plastic bins. 

These ranges are considered as reasonable for the PCVs (average max. loading capacity approx. 750). For 

the community bins collection, the ranges vary widely since the vehicles carrying capacity is calculated 

for each of the collection frequency applied in each strata.  

 

4.3 Number of required vehicles 

The numbers of required vehicles depend many parameters, namely quantity and volume of waste to be 

transported, selected bin capacity, collection route, number of collection points, the distance to the 

transfer point, and vehicles loading capacity (Iriarte et al., 2009). In the case of West Zone, Bangalore, 

the calculations are done for each of the scenarios and options, for each of strata and segregation rates 

as an input for multi criteria analysis.  

Overall, the input parameters are applied for all of scenarios and option. Since not all of input 

parameters are available, several assumptions are taken. Below are list of the general input parameters 

together with the assumptions used to calculate the number of required vehicles: 

 

 Quantity and volume of the waste  

Before calculating the number of vehicles required for the collection, the total waste generation 

from the whole area should be estimated. Since the waste generation per for each strata are not 

equal, the calculation should be done separately. In this calculation, the respective total waste 

generation is calculated based on the population and per-capita waste generation for West Zone, 

Bangalore, based on data of the waste characterization study conducted previously (ISAH, 2015). 

 

 Collection vehicles data 

The required number of vehicles will depend on the type of the selected vehicle. The necessary 

information of the collection vehicles are the loading capacity, suitable bin sizes, payload, price and 

fuel consumption. The types of collection vehicle which are currently available in India are listed in 

the following Table 28, which are distinguished between high loading and small loading vehicles.  
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Table 28: Possible vehicles options for waste collection in Bangalore City, range from small to high loading 

vehicles (Velankani Sustainability, 2015) 

Type Loading capacity 

[m³] 

Payload 

[tons] 

Price 

[INR] 

Fuel consumption 

[km/l] 

Small loading vehicles 

Nano dumper placer 1.5 – 1.7 0.8 – 1.0 400,000 14 

Auto tipper
1)
 1.0 – 2.5 1.0 285,000 20 

Dumper placer 4.5 4.5 – 5.0 500,000 8 

Manual side loader 4.0 – 7.5 7.3 – 8.8 N/A 8 

High loading vehicles 

Dumper placer 7.0 4.5 – 5.0 500,000 8 

Dumper placer 7.0 7.0 – 8.0 500,000 8 

Rear loader 9 – 19 4.0 – 8.5 N/A 5 

Side loader 12 – 24 150 – 235 N/A 5 

Front loader
2)
 15 7 – 10 600,000 5 

1) Selected vehicle for D2D collection 

2) Selected vehicle for community bins collection 

 

 Collection and transfer time 

Collection time consist of the time spent on travel from parking to first collection point, from the 

first to last collection point, from last collection point to disposal site (landfill, recovery facility, 

transfer station) where the collection vehicle is unloaded (including waiting time), and time from 

disposal site to parking or the start of a new collection (Teixeira, 2014). The values are estimated 

based on an average vehicle velocity in West Zone, Bangalore of 19.2 km/h (Government of 

Karnataka, 2009). In this calculation, different approaches are used to estimate the collection time. 

Based on TFF survey 4 hours collection time on ground is assumed for D2D collection. This duration 

includes the time required for waste collection from D2D and one trip to the transfer / discharge 

point, while 2 additional hours are considered for work preparation, starting time and one way from 

the parking and discharge point at the start and the same way back at the end of the collection day 

(assuming that parking and discharge point are the same). The collection times for community bins 

is estimated by considering the number of collection points, vehicle velocity, the distance among 

the collection points and the distance to the discharge point. 

 

 Number of collection routes/points 

The number of collection points is determined for each of the scenario and strata. For D2D 

collection, the collection routes are determined by considering the total waste that need to be 

collected and the quantity of waste that can be carry by one auto trips. Meanwhile, for community 

bins collection, the numbers of collection points are calculated from the radius of maximum 

convenient walking distance for each of strata.  
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 Average trips per day 

Average trips per day define the number of trips that can be done by the vehicles considering the 

working hour and total collection time. D2D collection is assumed to have in average 2 trips per 

day due to the limited time window for collection on ground, while the average trips for 

community bin are calculated for each of strata, collection frequency and segregation rate 

separately.  

Since the calculation approaches are different for each of collection type, the detail explanation 

regarding the calculation basics will be given separately for each of collection scenario in the following 

sub-chapters.  

 

4.3.1 Number of required vehicles for D2D collection 

Depending on the selected vehicle type, vehicle loading capacity affects the number of required vehicles. 

Vehicles with high loading capacity can carry more waste and lead to lower number of required vehicle. 

However, it cannot be guaranteed that large vehicles pass through all street width. Considering the 

required vehicle carrying capacity of 670 – 760 kg (sub-chapter 4.2), an auto tipper vehicle with payload 

of 1,000 kg (Table 28) and 2 m³ loading volume is chosen for the calculation. The selection is exclusively 

for this exemplary estimation. The vehicle type can be changed anytime.  

Further necessary input parameters to calculate the number of required vehicle for D2D collection are: 

 Average number of persons per household  

Since the collection vehicles collect the waste from door-to-door, the amount of waste from one 

household should be calculated. To do that, the average numbers of person per household are 

required (Table 1).  

 

 Total waste mass per vehicles 

Total waste mass per vehicles are taken directly from the calculation of vehicles loading capacity in 

m³ (sub-chapter 4.2). 

 

 Total collection time 

As mention above, the total collection time is the sum of collection time from household to 

household together with the traveling time to the transfer and discharge point. For the calculation, 

the time is taken from the study of The Forward Foundation. The collection time for both collection 

trips on ground amounts 4 hours, while the travel time to the transfer station is dependent on the 

transfer and discharge radius considering the average travelling speed in West Zone, Bangalore, of 

19.2 km/h. Considering the working and collection time of 4 hours, one vehicle can do 2 average 

trips per day. 

 

 The number of population 

Population data are taken from the previous report of the waste characteristic study (ISAH, 2015) 

as given in Table 1. From the total number of population and average number of person per 

household, the number of households and waste generation per household can be determined. 
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To know how many vehicles are needed to cover D2D waste collection, the number of households that 

can be covered by one auto route is determined. In order to know the total number of required 

collection route, the total number of household are divided by the total number of household covered by 

one auto route. The number of vehicle required is the result of necessary collection routes divided by the 

average number of trips per day.  

 

4.3.2 Number of required vehicles for community bins collection 

As stated previously, the quantity and volume of waste generation is one factor that influence the total 

number of required collection vehicles. If the amount of daily waste generation is known, the type of 

vehicle can be selected from the available collection vehicle options (Table 27). Considering the amount 

of waste generation for community bins collection which is in range of 200 – 5,000 kg (depending on 

the collection frequency), the front loader vehicle with loading capacity 15 m
3
 is selected for the 

calculation. This decision is not fixed and changeable depend on the real application later on.  

The important input parameters in this calculation are: 

 Total area per strata 

Total area per strata is taken from the West-Zone Bangalore City data. Low density has an area of 

31.88 km
2
, medium density of 8.95 km

2
, and high density of 5.87 km

2
 (as given in Table 1). 

 

 Numbers of required collection points 

Numbers of collection points are determined by knowing the total area per each strata and the area 

of one maximum convenient walking distance. Based on that, the numbers of collection points for 

each of strata are 254 collection points for low density, 88 collection points for medium density, 

and 84 collection points for high density.  

 

 Vehicle velocity 

Vehicle velocity is necessary to calculate total collection time. Vehicle velocity used in the 

calculation is 19.2 km/h, which is the average vehicle speed in West Bangalore (Government of 

Karnataka, 2008).  

 

 Collection time for one collection point 

Collection time for one collection point is determined as the sum of travelling time to the 

collection point and waste loading as well as cleaning time. Travelling time is calculated by 

considering the radius of maximum convenient walking distance and vehicle velocity, multiplied by 

a safety factor accounting for the reality of the road infrastructure. Meanwhile, waste loading and 

collection point cleaning time data is taken from cycle time data from the vehicles manufacturer 

and the assumed time which is required for the cleaning of the community bin point. For the front 

loader vehicles, the loading time is 25 seconds (Velankani Sustainability, 2015). However, 

considering operation, loading and cleaning time the collection time for one collection point is 

assumed in total as 10 minutes.  

 

 Transfer and discharge time 

In this study, a transfer and a discharge distance of 10 km (each) is evaluated. With an average 

vehicle velocity of 19.2 km/h, the transfer time in total is 1.04 h.  
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 Working hours 

To calculate the average collection trip per day, the information about the working hours is 

necessary. As mentioned above, community bins are accessible for the community for 24 hours. The 

emptying process of the bins can also be done for 24 hours. However, considering the time for 

vehicles maintenance and gasoline refill, in this calculation the working hours is set to 22 hours.  

 

For each of segregation rate, the number of required vehicles is different. Therefore, the number of 

vehicles must be calculated separately depending on the type of waste and segregation rates. For 

Option 1, three bins are considered (dry, wet, and mixed), while for Option 2 and Option 3 two bins are 

considered (dry and wet+mixed; and wet and dry+mixed). The total number of vehicles results from the 

sum of all options. Each type of bin will be served by a special and adapted collection vehicle. 

For the calculation, three different collection frequencies are considered, namely 7, 3 and 2 times per 

week. The operation schedule and the collection frequency will affect the number of required vehicles. 

For example, with the collection frequency of 2 times per week, it is possible to collect the waste from 

different strata or different bins at different days of the week with only one vehicle. By this 

arrangement, the investment costs are reduced. 

 

4.4 Numbers of required bins 

The number of required bins depends on the selected bin size. Possible bin options are given in Table 5 

(Velankani Sustainability, 2015). The total number of bins is necessary for community bin collection, 

with assuming that the household in D2D collection deliver the waste directly to the collection vehicles.  

 

Table 29: Several options of available waste bin in the India market 

Manufacturer Waste loading 

opening 

Capacity [m³] Material of 

contents 

Price [INR] 

(excluded tax and freight) 

SULO
1)

 Compatible with side 

lift compactor 

0.66 HDPE 16,100.00  

ECO
2)

 1.10 HDPE 19,500.00  

Sintex Compatible with the 

compactors 

1.10 Galvanized iron 23,000.00  

Sintex Compatible with the 

dumper placer truck 

3.00 – 4.50 Mild steel 110,000.00 – 250,000  

1) Selected bin for D2D 

2) Selected bin for community bins collection 

 

The bin selection for each type of collection system will depend on many factors considered in the 

decision parameters. However, for the purpose of calculation, the 1.1 m
3
 ECO bin is chosen for 

community bin collection, according to price and easy handling. Based on experience in western 

countries like Spain, Italy, Germany HDPE bins show high durability and resistance against external 

exposure and have significant benefits in terms of handling.  In the following section, calculation for 

this collection scenario will be given. 
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For the community bins system, the numbers of waste bin depend on the required number of collection 

points, which basically relate to the radius of one maximum convenient walking distance. By assuming 

that one collection point has one bin per each type of waste (which later on depends on the collection 

option), the number of bin will directly the number of required collection point per each strata. By that 

condition, low density strata will require 254 bins, the medium strata 88 bins, and low density strata 

84 bins. Considering the estimation of waste bin volume (sub-chapter 4.1.2), the HDPE bin from ECO is 

selected (Table 5). The number of required bin is not depended on the selected bin volume, as this can be 

adapted in reality.  

 

4.5 Fuel consumption and CO2 emission 

Among all of the cost, fuel consumption is often the greatest expense in the collection system 

(Teixeira et al., 2014). Fuel consumption mainly depends on the type of vehicles. For the calculation, 

information about fuel consumption per km travel distance is required. These data for the selected 

vehicles are presented in Table 28. On the other hand, CO2 emission is estimated by applying emission 

factor based on fuel consumption. The calculations for D2D and community bins collection are given in 

the following sub-chapter. 

To calculate fuel consumption for PCV, the travel distance is estimated first. The travel distance is the 

sum of collection distance and transfer distance. The main input parameters for the fuel consumption 

and CO2 emission are: 

 

 Collection distance 

The Collection distance is defined as the travel length required for the vehicle to collect waste from 

the source. For D2D collection, the distance per strata is calculated based on the street length data 

from BBMP (2015) and Government of Karnataka (2009). It is estimated that total street length for 

the West Zone Bangalore is 1,281 km (excluding arterial streets). For every stratum, the street 

length is distributed based on percentage of area, in order to reflect household density per street 

length for each stratum. As a result, low density with an area of 31.88 km
2
 has an estimated total 

street length of 874.54 km, medium density with an area of 8.95 km
2
 has an estimated street 

length of 245.52 km, and high density areas with an area of 5.87 km
2
 has an estimated street 

length of 161.03 km.  

For the community bins system, the collection distance are approximated based on the radius of 

one maximum convenient walking distance multiplied with the safety factor. Given the number of 

collection points per each strata (sub-chapter 4.3.2), the total collection distance can be calculated.  

 

 Transfer distance 

For both D2D and community bin collection, a maximum transfer distance of 10 km is evaluated in 

this study. The values will be further analyzed in Chapter 6 for sensitivity.  
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 Vehicle travel velocity 

Vehicle travel velocity can be distinguished between the collection and the transfer velocity. With 

D2D collection the collection velocity of is lower than the transfer velocity, as the D2D vehicle has 

to stop every couple of meters to collect household waste. With community bin collection the 

vehicle stops at each community bin point, but can travel the average travelling speed of 19.2 km/h 

between to drop-off points. Meanwhile, the transfer velocity is higher since it represents the 

vehicle speed from and to transfer station.  

 

 Collection time 

Collection time is defined as the time allocated for waste collection, among the total working 

hours. For D2D collection, from 6 hours working total working time per day, 4 hours is assumed as 

the collection time. Collection time for community bins collection on the other hand is calculated 

per each auto route (sub-chapter 4.3.2). 

 

 Fuel consumption factor 

Fuel consumption factor is taken from the survey of Velankani Sustainability (2015). For D2D 

collection, the auto tipper vehicle is selected. From Table 28, the fuel consumption factor is 20 

km/l. Front loader vehicle which is selected as CB vehicle in community bins collection has fuel 

consumption factor of 5 km/l fuel consumption.  

 

The total fuel consumption is a function of the collection and transfer distance and the number of 

required vehicles. The calculation per each strata (Appendix 1) showed that low density areas have a 

higher fuel consumption compare to high density. In high density areas, per km street length, more 

waste can be collected since the household are more concentrated. Therefore, one vehicle travels shorter 

distance to fill the collection truck, compare to the low density area.  

CO2 emission is calculated based on fuel consumption. The emission factor used is 2.382 kg CO2/l fuel 

consumed (Herold, 2003). 

 

4.6 Capital expenditure (CAPEX) 

Capital expenditure comprises of investment cost required for structural building, collection vehicles, 

receptacles, and equipment. These expenses should be depreciated over period of time which reflects the 

technical life of the objects (Hogg, 2002). Additionally, the annual depreciation costs are needed for the 

initial comparison of investment. Therefore an interest rate has to be applied. It should be noted that the 

capital costs (loan costs) are excluded in the calculation. For both D2D and community bins collection, 

the important input parameters for CAPEX calculation are: 
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 Unit cost and life time 

The previous calculations gave the numerical data of the required vehicles and bins for the 

collection system. From the number, the value can be converted into unit cost for further cost 

comparison and multi criteria analysis. The unit cost data for vehicles and bins are provided in Table 

27 and Table 28. Meanwhile, waste bins (from HDPE) and collection vehicles are assumed to have 5 

and 8 years life time respectively (BAWN, 2015).  

 

 Project life time 

The project lifetime determine the depreciation time of capital expenses. In this calculation, the 

collection system is designed for 20 years. All of capital investment is depreciated based on their 

life time.  

 

 Interest rate 

To determine the depreciate value of the capital investment for financial comparison an interest 

rate of 3% interest rate is used. 

 

 Discounting factor 

For the cost comparison, initial investments are broken down into annual payment considering the 

project life time and interest rate. The discounting factor is calculated using the following equation 

(Scheer, 2014).  

 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (𝑖; 𝑛) =  
𝑖 𝑥 (1+𝑖)𝑛

(1+𝑖)𝑛−1
 

with: i = interest rate 

  n = project life time 

 

It is noticed that the project life has a longer life time than the bins and vehicles. Therefore, for each 

unit, investment should be made more than one during the project phase. Besides that, specific CAPEX 

per kg waste generation, number of person and number of household are also calculated. The results are 

given in Indian currency: INR (Indian Rupees). 

 

4.7 Operational expenditure (OPEX) 

Operational cost includes all of the cost during waste collection, namely expense for fuel, labour, 

maintenance, services and taxes. However, in this calculation, only labour cost and fuel expenses are 

considered. The previous calculation results are required, but assumptions are also made for basic salary 

and fuel price. However, similar with the others input parameters, the values are left open so adjustment 

can be made if required in the practice. 
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 Basic labour salary 

To calculate the labour expense, the salary is assumed 100 INR per hour. The calculations are done 

by considering two employees per vehicle and the working time. For D2D collection, 6 hours 

working time are used, while community bins collection considered 22 hours working time.  

 

 Fuel price 

In this calculation, the collection vehicles are assumed to use petrol as the fuel. The petrol price is 

assumed as 64.15 INR/l (Bangalore Petrol Price, 2015). There is also possibility that the selected 

vehicle use other type of fuel. To accommodate this situation, the fuel price is set as a flexible input 

in the calculation.  

 

Apart from total values, specific OPEX per kg waste generation, per person and per household are also 

calculated. The results will be analyzed in Chapter 6 regarding the sensitivity of the input parameters in 

the calculation in order to find the optimum value.  
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5 Multi Criteria Analysis  

5.1 Comparison of Scenarios 

Through the method of the Multi Criteria Analyses (MCA), the three configured Scenarios (D2D and CB 

collection; CB only; D2D only) with three respective segregation options (see Figure 3 and 4) are 

compared against the current collection system (Scenario 4) of West Zone Bangalore. 

 

 

Scenarios 

(Mode of 

Collection) 

 Scenario 1  Scenario 2  Scenario 3  Scenario 4 

 
D2D (70%) 

+CB (30%) 

 CB only 

 (100%) 

 D2D only 

(100%) 

 Existing  

(D2D 50%,  

LS 30%, 

+ SS 20%) 

         

Options  Option 1  Option 2  Option 3  Option 4 

         

Bin 

Arrangement 

 
Dry Wet Mixed  Dry Wet+Mixed  Wet Dry+Mixed  Mixed 

Figure 21: Considered collection system scenarios in MCA 

 

Table 6 summarizes the basic data according to the calculation basics, mentioned in section three, 

which are used throughout the calculation of scenario comparison. 

 

Table 30: Basic data for the MCA scenario comparison 

Project Lifetime 

 

Waste density (range)  

 Dry 

 Wet 

 Mixed 

 Dry+mixed 

 Wet+mixed 

: 

  

 

: 

: 

: 

: 

: 

20 years 

 

 

120-150 kg/m
3
 

350-400 kg/m
3
 

230-270 kg/m
3
 

175-210 kg/m
3
 

290-335 kg/m
3
 

Total number of PCV routes 

Fuel consumption per PCV 

Fuel consumption per CBV 

Avg. collection speed of PCV  

Avg. collection speed of CBV 

Standard PCV bin volume 

PCV loading capacity 

CBV loading capacity 

: 

: 

: 

: 

: 

: 

: 

: 

1168  -  999 

 20 km/l 

 5 km/l 

 10 km/h 

 19.2 km/h 

 0.66 m
3
 

        2  m
3
  

      15  m
3
 

 

Waste composition (%w) 

 LD   (dry:wet) 

 MD (dry:wet) 

 HD  (dry:wet) 

CB cost 

PCV cost 

CBV cost   

Fuel cost per liter 

Personnel cost 

  

 

: 

: 

: 

: 

: 

: 

: 

: 

 

 

34.42%:65.58% 

32%:68% 

36%:64% 

 19,500 INR 

2,85,000 INR 

6,00,000 INR 

 64.15 INR/l 

 100 INR/h 

Man power per PCV & CBV 

Working time for PCV 

Working time for CBV 

Avg. weight of PCV bin    

Avg. weight of personnel 

 

Radius for CB distance 

 LD 

 MD 

 HD 

: 

: 

: 

: 

: 

 

 

: 

: 

: 

 2 person/vehicle 

 4 h/d 

 22 h/d 

 38.55 kg 

 70 kg/p 

 

  

 200 m 

 180 m 

 150 m 
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5.1.1 Scenario 1: D2D (70%) and CB (30%) collection system 

The concept behind Scenario 1 reveals that the major part (around 70%) of household waste will be 

collected directly from door-to-door (D2D) and the rest (30%) through community bin (CB) system. This 

scenario aims to come into effect through three different arrangements of collection bins, as mentioned 

below: 

 Option 1: Dry, Wet and Mixed- Stored and collected separately (3 separate bins) 

 Option 2: Dry and Wet+Mixed (2 separate bins) 

 Option 3: Wet and Dry+Mixed (2 separate bins) 

Calculation summary of Scenario 1:  

Design configuration summary of Scenario 1 are estimated separately for D2D and CB for each of the 

three options and are presented in Table 7 and Table 8. Moreover the detailed calculations are furnished 

in appendix-1.1-1.6. 

Parameters to be constant for D2D:  

 Collection frequency:  7 times/week,  

 PCV loading capacity:  2 m
3
, and 

 Segregation Rate:  10 %. 

 

Table 31: Calculation summary for D2D collection of scenario one 

 
*Total weight loading per PCV (to meet 2 m

3
 volume) includes weight of bins, personnel and wastes 

  

Option 1 2 635.7 - 714.3 1106 - 1313 179 - 210 3.1 - 3.6 7.3 - 8.5 88.3 - 103.6 357.2 419.0

LD 70% 191.5 Option 2 2 737.5 - 827.6 796 - 925 148 - 171 2.6 - 3.1 6.0 - 7.0 73.0 - 84.8 304.0 353.1

Option 3 2 543.1 - 613.6 1333 - 1599 220 - 263 3.7 - 4.4 8.9 - 10.7 108.2 - 129.2 426.3 508.9

Option 1 2 637.0 - 715.6 905 - 1074 147 - 172 2.3 - 2.7 6.0 - 7.0 71.7 - 83.9 263.4 308.2

MD 70% 157.3 Option 2 2 738.4 - 828.6 651 - 756 121 - 140 1.9 - 2.2 4.9 - 5.7 59.1 - 68.6 219.5 254.9

Option 3 2 544.1 - 614.6 1093 - 1312 180 - 215 2.8 - 3.3 7.3 - 8.7 87.9 - 104.8 319.6 381.3

Option 1 2 636.4 - 713.5 1055 - 1266 172 - 201 2.6 - 3.0 7.0 - 8.2 83.7 - 97.8 300.2 350.8

HD 60% 183.8 Option 2 2 736.1 - 829.2 762 - 890 141 - 165 2.2 - 2.5 5.7 - 6.7 68.8 - 80.2 248.4 289.8

Option 3 2 543.7 - 612.9 1278 - 1536 212 - 252 3.2 - 3.8 8.6 - 10.2 102.8 - 122.4 366.9 436.5

Option 1 2 - 3066 - 3653 498 - 583 8.0 - 9.3 20.2 - 23.7 243.7 - 285.3 920.8 1078.1

532.6 Option 2 2 - 2209 - 2572 410 - 476 6.7 - 7.8 16.6 - 19.3 200.9 - 233.7 771.9 897.8

Option 3 2 - 3705 - 4447 612 - 730 9.7 - 11.5 24.8 - 29.6 298.9 - 356.3 1112.8 1326.7

No. of PCVs 

Required

Transport 

Work [Mio. 

km/yr]

CAPEX [Mio. 

INR/yr]

OPEX      [Mio. 

INR/yr]

CO2 Emission 

[ton/yr]

Options PCV 

loading 

capacity 

[m3]

Strata Collection 

coverage 

[%]

Total

Waste 

amount 

[ton/d]

Total wt 

Loading per 

PCV [kg]*

No. of PCV 

Bins Required
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Parameters to be constant for CB:  

 Collection frequency:  7 times/week,  

 CB vehicle loading capacity:  15 m
3
,  

 Segregation Rate:  10 %, and 

 No. of collection points for community bins:  

 LD:  254  

 MD:  88 

 HD:  84 

 

Table 32: Calculation summary for CB collection of scenario one  

 

 

Key results of Scenario 1 are summarized in Table 9 for the input of MCDA tools. Calculation results 

from D2D and CB are further combined to get the final amount of the respective options.   

  

Option 1 7 9 - 10 0.37 - 0.43 4.01 4.10 19.22 - 21.57 171.6 - 198.6

LD 30% 89.5 0.2 Option 2 7 6 - 7 0.24 0.30 2.67 2.76 12.69 - 15.05 110.0 - 137.0

Option 3 7 7 - 7 0.27 0.29 2.76 2.76 14.70 - 15.02 124.6 - 135.9

Option 1 7 4 - 4 0.15 - 0.16 1.47 1.47 8.29 - 8.43 67.4 - 72.3

MD 30% 73.5 0.18 Option 2 7 3 - 3 0.13 0.14 1.01 1.01 6.45 - 6.58 58.7 - 63.6

Option 3 7 3 - 3 0.13 0.15 1.01 1.01 6.43 - 6.77 57.9 - 70.4

Option 1 7 5 - 5 0.19 - 0.22 1.50 1.50 10.52 - 10.83 89.7 - 100.7

HD 40% 133.7 0.15 Option 2 7 4 - 4 0.18 0.20 1.05 1.05 8.70 - 9.01 82.1 - 93.1

Option 3 7 3 - 3 0.16 0.19 0.96 0.96 6.89 - 7.24 74.7 - 87.3

Option 1 7 18 - 19 0.71 - 0.80 7.0 - 7.1 38.0 - 40.8 328.7 - 371.6

297.7 Option 2 7 13 - 14 0.54 - 0.64 4.7 - 4.8 27.8 - 30.6 250.8 - 293.7

Option 3 7 13 - 13 0.56 - 0.64 4.7 - 4.7 28.0 - 29.0 257.2 - 293.7

No. of 

CBVs 

Required

Transport 

Work      

[Mio. km/yr]

CAPEX  

[Mio. km/yr]

OPEX         

[Mio. INR/yr]

CO2 Emission 

[ton/yr]

Total

Radius 

of CB 

distance 

[km]

762

508

508

264

176

176

252

No. of 

CBs 

Required

Strata Collection 

coverage 

[%]

Waste 

amount 

[ton/d]

Options Collection 

frequency 

[T imes/wk]

168

168

1278

852

852
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Table 33: Key results of Scenario 1 

Parameters Unit Option 1 Option 2 Option 3 

Number of community bins required 

Number of PCV required 

Number of CB required 

Total transport work (PCV + CB) 

Total CAPEX 

Total OPEX 

Total CO2 emission 

- 

- 

- 

Mio. km/yr 

Mio. INR/yr 

Mio. INR/yr 

ton CO2/yr 

1278 

498 - 583 

18 - 19 

8.7 - 10.01 

27.2 - 30.7 

281.7 - 326.1 

1249.5 - 1449.6 

852 

416 - 486 

13 - 14 

7.2 - 8.4 

21.4 - 24.2 

228.7 - 264.3 

1022.7 - 1191.5 

852 

602 - 715 

13 - 13 

10.3 - 12.1 

29.6 - 34.3 

326.9 - 385.4 

1370.0 - 1620.4 

 

5.1.2 Scenario 2: Only Community Bin (CB) System 

It is expected in Scenario 2 that the total waste (100%) generated by households will be collected 

through CB collection system. This scenario is also targeted to implement through three different 

arrangements of collection bins, as mentioned below: 

 Option 1: Dry, Wet and Mixed- Stored and collected separately (3 separate bins) 

 Option 2: Dry and Wet+Mixed (2 separate bins) 

 Option 3: Wet and Dry+Mixed (2 separate bins) 

Moreover detailed calculation of scenario two are furnished in appendix-2.1-2.3 and key results for 

MCDA evaluation are mentioned in Table 34. 

 

Table 34: Key results of Scenario 2 

Parameters Unit Option 1 Option 2 Option 3 

Number of community bins required 

Number of CB required
1)

  

Total transport work   

Total CAPEX   

Total OPEX    

Total CO2 emission   

- 

- 

Mio. km/yr 

Mio. INR/yr 

Mio. INR/yr 

ton CO2/yr 

1278 

19 - 24 

1.06 - 1.31 

7.07 - 7.49 

44.14 - 55.33 

491 - 605 

852 

14 - 18 

0.9 - 1.2 

4.81 - 5.15 

33.95 - 44.01 

412.9 - 543.9 

852 

15 - 17 

1.0 - 1.1 

4.9 - 5.07 

36.34 - 41.90 

441.2 - 525.5 

1)
 As in Scenario 2 the entire waste will be collected through CB system, a collection frequency of 7 times a week is 

considered.  
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5.1.3 Scenario 3: Only Door-to-Door (D2D) Collection System  

It is expected in Scenario 3 that the total waste (100%) generated by households, litter spots and street 

sweepings will be collected through D2D collection system. This scenario is also targeted to implement 

through three different arrangements of collection bins, as mentioned below: 

 Option 1: Dry, Wet and Mixed- Stored and collected separately (3 separate bins) 

 Option 2: Dry and Wet+Mixed (2 separate bins) 

 Option 3: Wet and Dry+Mixed (2 separate bins) 

Detailed calculation of Scenario 3 is furnished in appendix-3.1-3.3 and key results are mentioned in 

Table 35. 

 

Table 35: Key results of Scenario 3 

Parameters Unit Option 1 Option 2 Option 3 

Number of PCV bins required 

Number of PCV required  

Total transport work  

Total CAPEX   

Total OPEX   

Total CO2 emission  

- 

- 

Mio. km/yr 

Mio. INR/yr 

Mio. INR/yr 

ton CO2/yr 

4628 - 5519 

753 - 881 

11.7 - 13.68 

30.57 - 35.77 

367.33 - 429.77 

1350.8 - 1580.5 

3337 - 3886 

619 - 720 

9.7 - 11.3 

25.14 - 29.24 

302.5 - 351.7 

1125.2 - 1308.3 

5597 - 6719 

925 - 1102 

14.2 - 16.9 

37.54 - 44.74 

450.6 - 536.9 

1640.3 - 1954.8 

 

In comparison, it can be seen from Table 9, Table 10 and Table 11 that the requirements of transport 

work are lowest in Scenario 2 (waste collection through only community bin system) as there is no D2D- 

collection required. The requirements of transport work influenced greatly the expenses of the system. It 

is thus seen from the calculation results that Option 2 of Scenario 2 is the cheapest collection solution 

(38.76 - 49.16 Mio. INR/yr) whereas Option 3 of Scenario 3 (waste collection through only D2D-system) 

is the most costly one (488.14 - 581.64 Mio. INR/yr). As Option 2 of Scenario 2 requires less transport 

work (0.9-1.2 Mio. km/yr), this option also emits less CO2 for its collection works than other options. 

However, Option 3 of Scenario 3 generates the highest CO2 of 14.2-16.9 ton CO2/yr. 

 

5.1.4 Scenario 4: Existing Collection System (D2D, LS and SS) 

Existing collection of waste is conducted through very informal/irregular system and can be divided into 

three main streams as follows: 

 D2D system (50%): Approximately 50% of MSW is collected from the households by BBMP 

Pourakarmikas, private contractors or NGOs mainly through push-carts and auto tippers. It is then 

transferred to compactors or trucks and transported to the disposal points.  

 Litter spots (30%): Part of residential wastes is not collected via D2D and ended up in Litter 

Spots in street corners, vacant sites, etc. The Litter Spots are cleared irregularly, ranging from days 

to months. This amount can be estimated as 30 % of the total MSW. 
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 Street Sweepings (20%): The waste generated through street sweeping is collected along with 

the primary collected waste. This portion can be assumed as 20% of the total MSW. Some 

categories of waste such as newspapers, milk covers, etc. often don’t end up in this stream 

because they are collected separately mostly by the informal sector due to its economic value. 

 

Currently a total of 991 PCV and 217 SCV are running (TFF, 2015a) for the existing collection system 

which is even little more that the proposed D2D collection system (753 - 881 PCV). The main reason 

behind that the existing collection system is not well networked / organized and efficient at all (in terms 

of collection coverage and efficiency). 

As insufficient data are available for existing collection system to compare with other scenarios, this 

scenario is excluded from the evaluation through MCDA tool in the following sections. It was not 

able to receive the required specific data from BBMP or to assume the same. 

 

5.2 Evaluation of Collection System Alternatives 

As the main objective of this part of the study is to develop an appropriate waste collection system for 

the West Zone Bangalore, it is really important to evaluate or rank all the alternative options to 

select/find a best one. Therefore, the waste collection system alternatives are evaluated/ ranked by using 

multi-criteria decision analysis (MCDA) tool ELECTRE. Methodological basis and application of ELECTRE 

(with detailed statistical analysis) to rank collection system alternatives are presented in the following 

tables. 

 

5.2.1 Organization of alternatives and definition of evaluation parameters 

The proposed collection system scenarios (three) again consist of three different collection options 

depending on the arrangement of collection bins. Thus there are total 9 different collection system 

alternatives are investigated. These alternatives are evaluated against 7 different evaluation parameters 

such as expenses, treatment benefit, public acceptance, transport work, environmental impacts and 

operator friendliness. Expenses, treatment benefit and public acceptance seems to be carried more 

weights than others depending on the local requirements that are also mentioned in section 5.2.4. 
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Table 36: List of alternatives and variables 

SL Alternatives  SL Evaluation Parameters 

S1Op1 D2D and CB:  3 Separate Bin System-dry, wet, mixed  Z-1 CAPEX (Mio. INR/yr) 

S1Op2 D2D and CB:  2 Separate Bin System-wet+mixed, dry,  Z-2 OPEX (Mio. INR/yr)  

S1Op3 D2D and CB:  2 Separate Bin System-wet, dry+mixed  Z-3 Treatment Benefit  

S2Op1 only CB:  3 Separate Bin System-dry, wet, mixed  Z-4 Public Acceptance     

S2Op2 only CB:  2 Separate Bin System-wet+mixed, dry,  Z-5 Transport Work (Mio. km/yr) 

S2Op3 only CB:  2 Separate Bin System-wet, dry+mixed  Z-6 CO2 Emission (ton/yr) 

S3Op1 only D2D:  3 Separate Bin System-dry, wet, mixed  Z-7 Operator and User Friendly 

S3Op2 only D2D:  2 Separate Bin System-wet+mixed, dry,    

S3Op3 only D2D:  2 Separate Bin System-wet, dry+mixed    

 

5.2.2 Application of ELECTRE 

ELECTRE is an outranking method, which uses the dominance principle to compare alternatives. One 

alternative dominates another if it is better in as many performance values as possible (concordance 

principle) while at the same time in no criterion inacceptable (discordance principle) (Figueira et al., 

2005). Evaluation steps of ELECTRE for the collection system alternatives are mentioned below: 

Computation of the decision variables (numerical values) are performed in Table 37 based on an 

estimation of the consequences (i.e. by means of design data). 

 

Table 37: Computation of the decision variables (numerical values) 

 

 

Alternatives 

CAPEX  

 

(Mio.INR/yr) 

OPEX 

 

(Mio.INR/yr) 

Treatment 

Benefit  

(0-10) 

Public 

Acceptance  

(0-10) 

Transport 

Work  

(Mio. km/yr) 

CO2 

Emission  

(ton/yr) 

Operator 

Friendly 

(1-10) 

S1Op1 30.7 326.1 8.0 6.0 10.1 1449.6 6.0 

S1Op2 24.2 264.3 6.0 7.0 8.4 1191.5 7.0 

S1Op3 34.3 385.4 7.0 7.0 12.1 1620.4 7.0 

S2Op1 7.5 55.3 8.0 4.0 1.3 605.0 8.0 

S2Op2 5.2 44.0 6.0 5.0 1.2 543.9 7.0 

S2Op3 5.1 41.9 7.0 5.0 1.1 525.5 7.0 

S3Op1 35.8 429.8 8.0 8.0 13.7 1580.5 5.0 

S3Op2 29.2 351.7 6.0 9.0 11.3 1308.3 6.0 

S3Op3 44.7 536.9 7.0 9.0 16.9 1954.8 6.0 
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5.2.3 Normalization of the Evaluation Parameters 

Normalization of the decision criteria values (evaluation parameters) are done in Table 38 to obtain 

performance values in [0, 1] by defining ideal and intolerable values as boundaries. 

 

Table 38: Normalization of the evaluation parameters 

 

 

Alternatives 

CAPEX  

 

(Mio. INR/yr) 

OPEX 

 

(Mio. INR/yr) 

Treatment 

Benefit  

(0-10) 

Public 

Acceptance  

(0-10) 

Transport 

Work  

(Mio. km/yr) 

CO2 

Emission  

(ton/yr) 

Operator 

Friendly 

(1-10) 

Ideal value 0 0 10 10 0 0 10 

Critical value 45 540 0 0 18 2000 0 

 Performance values of decision variables  

S1Op1 0.32 0.40 0.80 0.60 0.44 0.30 0.60 

S1Op2 0.47 0.48 0.60 0.70 0.50 0.31 0.70 

S1Op3 0.26 0.28 0.70 0.70 0.32 0.13 0.70 

S2Op1 0.83 0.90 0.80 0.40 0.93 0.70 0.80 

S2Op2 0.89 0.92 0.60 0.50 0.93 0.73 0.70 

S2Op3 0.89 0.92 0.70 0.50 0.94 0.74 0.70 

S3Op1 0.21 0.20 0.80 0.80 0.24 0.21 0.50 

S3Op2 0.35 0.35 0.60 0.90 0.37 0.35 0.60 

S3Op3 0.01 0.01 0.70 0.90 0.06 0.02 0.60 

Explanation: for example, S1Op1 against CAPEX variable = (critical - numerical value)/(critical –ideal value) = (45-

30.7)/45 = 0.32 

 

5.2.4 Assigning weights to the evaluation parameters 

First the weights for all decision variables have to be defined. Cost (both CAPEX and OPEX) minimization 

is the primary goal (CAPEX-0.25, OPEX-0.25), while at the same time the collection system would have 

benefit on waste treatment (0.25) decision. Public acceptance (0.10) is also very important, while lessen 

transport work, level of operator friendliness and CO2 emission are subordinate goals (see Table 15). 

 

Table 39: Assigning weights to the decision variables 

Alternatives CAPEX  

 

(Mio. INR/yr) 

OPEX 

 

(Mio. INR/yr) 

Treatment 

Benefit  

(0-10) 

Public 

Acceptance  

(0-10) 

Transport 

Work  

(Mio. km/yr) 

CO2 

Emission  

(ton/yr) 

Operator 

Friendly 

(1-10) 

S1Op1 0.32 0.40 0.80 0.60 0.44 0.30 0.60 

S1Op2 0.47 0.48 0.60 0.70 0.50 0.31 0.70 

S1Op3 0.26 0.28 0.70 0.70 0.32 0.13 0.70 

S2Op1 0.83 0.90 0.80 0.40 0.93 0.70 0.80 

S2Op2 0.89 0.92 0.60 0.50 0.93 0.73 0.70 

S2Op3 0.89 0.92 0.70 0.50 0.94 0.74 0.70 

S3Op1 0.21 0.20 0.80 0.80 0.24 0.21 0.50 

S3Op2 0.35 0.35 0.60 0.90 0.37 0.35 0.60 

S3Op3 0.01 0.01 0.70 0.90 0.06 0.02 0.60 

Weights 0.25 0.25 0.25 0.10 0.05 0.05 0.05 
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5.2.5 Calculation of Concordance Matrix (C) 

As the concordance matrix (C) describes the predominance of an alternative to a compared one, the 

matrix entry in cell (i,j) is calculated as the sum of the weights of all decision criteria in which 

alternative i is superior to alternative j, as mentioned in the eqn. and summarized in Table 16. 

𝑪𝒊𝒋 = ∑ ∝𝒌

𝒌,𝒏𝒊𝒌>𝒏𝒋𝒌

+
𝟏

𝟐
∑ ∝𝒌

𝒌,𝒏𝒊𝒌=𝒏𝒋𝒌

 

 

Table 40: Calculation of concordance matrix (C) 

Order Concordance 

Matrix 

S1Op1 S1Op2 S1Op3 S2Op1 S2Op2 S2Op3 S3Op1 S3Op2 S3Op3 

1 2 3 4 5 6 7 8 9 

1 S1Op1   0.25 0.85 0.23 0.35 0.35 0.78 0.58 0.88 

2 S1Op2 0.75   0.68 0.10 0.25 0.13 0.65 0.73 0.65 

3 S1Op3 0.15 0.33   0.10 0.38 0.25 0.60 0.30 0.78 

4 S2Op1 0.78 0.90 0.90   0.30 0.30 0.78 0.90 0.90 

5 S2Op2 0.65 0.75 0.63 0.70   0.08 0.65 0.78 0.65 

6 S2Op3 0.65 0.88 0.75 0.70 0.93   0.65 0.90 0.78 

7 S3Op1 0.23 0.35 0.40 0.23 0.35 0.35   0.25 0.85 

8 S3Op2 0.43 0.28 0.70 0.10 0.23 0.10 0.75   0.68 

9 S3Op3 0.13 0.35 0.23 0.10 0.35 0.23 0.15 0.33   

 

5.2.6 Calculation of Discordance Matrix (D) 

The discordance matrix (D) is computed to show a very bad performance of one alternative. Maximum 

possible inferiority of the alternative i compared to alternative j. The calculation summary is summarized 

in Table 41. 

𝒅𝒊𝒋 = 𝐦𝐚𝐱̄
𝐤,𝒏𝒊𝒌<𝒏𝒋𝒌

(𝒏𝒋𝒌 − 𝒏𝒊𝒌) 
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Table 41: Calculation of discordance matrix (D)  

Order Discordance 

Matrix 

S1Op1 S1Op2 S1Op3 S2Op1 S2Op2 S2Op3 S3Op1 S3Op2 S3Op3 

1 2 3 4 5 6 7 8 9 

1 S1Op1   0.15 0.10 0.51 0.57 0.57 0.20 0.30 0.30 

2 S1Op2 0.20   0.10 0.42 0.43 0.44 0.20 0.20 0.20 

3 S1Op3 0.16 0.21   0.61 0.63 0.64 0.10 0.21 0.20 

4 S2Op1 0.20 0.30 0.30   0.10 0.10 0.40 0.50 0.50 

5 S2Op2 0.20 0.20 0.20 0.20   0.10 0.30 0.40 0.40 

6 S2Op3 0.10 0.20 0.20 0.10 0.00   0.30 0.40 0.40 

7 S3Op1 0.20 0.28 0.20 0.69 0.71 0.72   0.15 0.10 

8 S3Op2 0.20 0.14 0.10 0.56 0.57 0.57 0.20   0.10 

9 S3Op3 0.40 0.48 0.26 0.89 0.91 0.92 0.20 0.34   

 

5.2.7 Results- ELECTRE 

Pair wise comparison of alternatives using C and D 

Alternative i is dominated by alternative j, if cij ≥ ccrit and dij ≤ dcrit. In this study of ranking of collection 

system alternatives, ccrit = 0.5 and dcrit = 0.6 are chosen.  

ccrit = 0.5;  dcrit = 0.6 

This gives the following general result of the MCDA by order number (“>” means better): 

 

1>3, 1>7, 1>8, 1>9 

2>1, 2>3, 2>7, 2>8, 2>9 

3>7, 3>9 

4>1, 4>2, 4>3, 4>7, 4>8, 4>9 

5>1, 5>2, 5>3, 5>4, 5>7, 5>8, 5>9 

6>1, 6>2, 6>3, 6>4, 6>5, 6>7, 6>8, 6>9 

7>9 

8>3, 8>7, 8>9 

9 

 

From the general result, the final ranking can be determined as follows and illustrated in Table 18: 

S2Op3> S2Op2> S2Op1> S1Op2> S1Op1> S3Op2> S1Op3> S3Op1> S3Op3 
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Table 42: Ranking of the alternative solutions after MCDA  

Rank Options Scenarios 

1 S2Op3 only CB:  2 Separate Bin System-dry+mixed, wet, Scenario 2 

2 S2Op2 only CB:  2 Separate Bin System-wet+mixed, dry,  

3 S2Op1 only CB:  3 Separate Bin System-dry, wet, mixed  

4 S1Op2 D2D and CB:  2 Separate Bin System-wet+mixed, dry, Scenario 1 

5 S1Op1 D2D and CB:  3 Separate Bin System-dry, wet, mixed  

6 S3Op2 only D2D:  2 Separate Bin System-wet+mixed, dry,  

7 S1Op3 D2D and CB:  2 Separate Bin System-dry+mixed, wet, Scenario 3 

8 S3Op1 only D2D:  3 Separate Bin System-dry, wet, mixed  

9 S3Op3 only D2D:  2 Separate Bin System-dry+mixed, wet,  

 

Thus, Scenario 2 and Option 3 (Only CB: 2 Separate Bin System-wet, dry+mixed) is the best 

alternative according to the ELECTRE method with the chosen boundary values. 

  

best 

alternative 

worst 

alternative 
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6 Sensitivity Analysis 

This chapter shall enable to understand the collection system with its interdependencies when key 

parameters are altered actively or passively. Furthermore, the following analysis shall verify the assumed 

design parameters above for the system and help to find an optimum for the major design aspects, 

always considering technical, financial and social requirements and limitations. 

 

6.1 Key Parameter 

In this study a sensitivity analysis is conducted to evaluate the changes of the system when key 

parameters are adjusted, to identify optimal values and to investigate future systemic changes. The 

sensitivity analysis compares individual parameters regarding their influence on the entire system. One 

option of all presented scenarios is chosen for the analysis. Based on the multi-criteria analysis in the 

previous chapter, the options with two separate bins are preferred compared to the option with 3 bins. 

In this sensitivity evaluation, a wet waste bin and a bin for dry waste which can also collect generated 

mixed waste is selected. To identify systemic influences of both community bin and door-to-door 

collection and to conduct the analysis close to feasible solutions on ground, a scenario with 50 % waste 

collection by each stream is chosen.  

As a major decision factor, changes in capital and operational expenses are evaluated within this 

analysis as key figures. Capital Expenses (CAPEX) include initial investments for the system like vehicles 

and community bins, considering the lifetime of the equipment and total financial timeline of the 

system. Operational Costs (OPEX) include daily investments for labour force, fuel costs, maintenance, 

taxes, insurances, etc.  

Simultaneously, the number of waste collection vehicles for door-to-door collection and community bins 

as well as the volume of community bins is regarded to show systemic relations and interdependencies 

between the key parameters. Key parameters are temporarily, systemically or technically flexible values 

which can be altered actively by decision makers (i.e. based on financial requirements) or passively by 

the development of time or framework conditions (i.e. increasing fuel costs). The key parameters used for 

this sensitivity analysis are stated in Table 19. 
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Table 43: Key Parameter for Sensitivity Analysis  

 

Each key parameter is analysed individually, while all remaining parameter are kept constant to compare 

the results.  

 For each population density, coverage of D2D collection of 50 % is selected. Hence, the coverage 

of community bins amounts also 50 %. A balanced distribution of 50 % of both systems is chosen 

to give influence of each system an equal weighing for a better evaluation. Additionally, costs per 

collected kg in [INR/kg] can be directly compared as both systems collected similar amounts of 

waste. 

 The loading capacity for D2D-collection vehicles is chosen according to minimal street width and 

possible turning radius in West Zone, Bangalore. Based on the dimensions of the existing 

collection vehicles (3-wheelers), an optimized solution with 2 m³ is found feasible. It is assumed 

that operational costs decrease with rising loading capacity, which is why 2 m³ is taken as basis 

for this analysis.  

 The segregation rate is considered with 10 %. Existing data from BBMP and other entities state 

different ratios of segregation at source, but mostly range below 10 %. An adequate estimation of 

the current segregation rate in the study area is not an objective of this study, hence a imputed 

segregation rate of 10 % is selected as baseline for the sensitivity analysis.  

 Another key parameter is labelled as “radius for 1 maximum convenient walking distance” and 

describes the maximum distance one person has to walk to the nearest community bin. As the 

collection efficiency of community bins depends on the convenience of its location, it can be 

expected that the shorter the distance for each person is, the higher the efficiency of collection is. 

However, space availability for bin placement has to be considered. High density areas in 

particular show a low availability of space, which has to be considered while choosing the 

locations. According to Gallardo (Gallardo et al., 2012), community bins at drop-off points are 

usually located in distances of 100 - 200 m. Hence, a value of 200 m is selected for low density 

areas. As low density areas show a lower waste generation per m², the distance are reduced for 

medium and high density areas in order to cope with the higher waste generation per area. A 

factor of 0.9 is chosen for medium density areas and 0.75 for high density areas, resulting in 

distances of 180 m and 150 m.  

  LD MD HD   LD MD HD 

Collection coverage [%] 50% 50% 50%  
Salary 

[INR/hr/employee] 
100 

Segregation rate [%] 10% 10% 10%  
Number of employees  

[personal per vehicle] 
2 

Radius for 1 maximum convenient 

walking distance [km] 
0.20 0.18 0.15  

Vehicles loading capacity      

[m³] 
15 

Collection times frequency for CB 

[in a week] 
7 7 7  

D2D Loading Capacity          

[m³] 
2 

max. distance to the transfer station 

[km] 
10 10 10  

Loading / Cleaning time  

[second] 
600 
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 A collection frequency for community bins of 7 days per week is determined as basis for the 

analysis. D2D-collection will be performed every day independently from the collection frequency 

of the community bins. 

 The maximum distance to the transfer point is defined as the distance each vehicle has to travel 

from and to the collection area in order to discharge their load. Although most vehicles will travel 

less distance through route optimization, the maximum travelling distance is taken for all vehicles 

for over estimation. It is calculated for both community bin and door-to-door collection vehicles 

based on the available collection time for door-to-door of 4 hours in the morning hours, the 

required time for waste collection on ground and an average travelling speed to and from the 

transfer point of 19.2 km/h according to the mobility indicators for West-Zone (Govt. of 

Karnataka, 2009). As a result, a maximum transfer distance for each vehicle of 10 km is 

considered as possible and selected for the sensitivity analysis.  

 The number of employees is set at 2 people per vehicle (both CB and D2D vehicle) with an hourly 

salary of 100 INR per hour. According the available vehicles for community bin collection 

(including automatic lifting), 15 m³ are chosen as average loading capacity.  

 The time each CB collection vehicle spends at one community bin includes cleaning the area 

around the bin, a potential unlocking and locking of the bins and other sanitary work. For the 

initial stage of the collection system, a rather high time of 600 seconds or 10 minutes is selected 

for over estimation.  

 

6.2 Collection Coverage 

6.2.1 Capital Expenses 

The amount of capital and operational expenses depends on the type of the selected waste collection 

system. When regarding a combination of two systems with different capital and operational expenses, 

the total expenses will increase / decrease if the share of one system is raised. Within this study the 

collection systems: D2D collection and Community Bin collection are evaluated. The share of each 

collection type in the total collection system is defined by the Collection Coverage of Door-to-Door. The 

development of CAPEX per year, based on a total system duration of 20 years, with different collection 

coverages are demonstrated in Figure 22.  
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Figure 22: Development of Capital Expenses with different shares of collection coverage and stratification 

areas 

 

Figure 22 shows the capital expenses per year for all three stratification areas, low, medium and high 

density, and the total expenses for the entire West Zone, Bangalore. It can be observed that Capital 

Expenses in all areas decrease significantly when the coverage of the door-to-door system is reduced. 

While Medium Density areas require lower investments, low and high density areas show a higher need 

for capital expenses. The reason for this difference is illustrated in Table 44.  

 

Table 44: Waste Generation per Strata and No. of Collection Points 

Strata Population Waste 

Generation 

[kg/cap/d] 

Total Waste 

Generation per Strata 

[ton/d] 

Total area 

[km²] 

Radius for one 

maximum convenient 

walking distance [km] 

Number of 

collection 

points 

LD 479,221 0.519 ca. 250 31.88 0.20 254 

MD 469,478 0.435 ca. 204 8.95 0.18 88 

HD 708,564 0.393 ca. 280 5.87 0.15 83 

 

The high CAPEX in high density areas is a result of its high population and waste generation per area. A 

greater number of D2D-collection vehicles is required to collect all the waste of high density areas. 

Although the population of low and medium density areas is similar as seen in Table 44, low density 

areas have a higher waste production per person, resulting in a higher total waste generation per day. 

Hence, more door-to-door vehicles have to be operated on ground. Additionally, low density areas show 

a significantly higher amount of required community bins due to its greater total area, while expenses 

for community bins are similar for medium and high density areas. As a result, capital expenses for low 

and high density areas are on a similar level with collection coverage larger than 50 %, while medium 

density areas can be operated with lesser investments.  
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From the numbers above it can be observed that capital investments for the analysed waste collection 

system can be decrease by reducing the share of D2D collection. CAPEX for a system with 90 % D2D 

collection and only 10 % CB collection for travelling and street sweeping waste amount approx. 

4,20,00,000 INR, while CAPEX for 100 % CB collection are approx. 54,00,000 INR (-87 %).  

 

6.2.2 Operational Expenses 

Operational expenses (OPEX) per day show similar characteristics as the CAPEX described above. Costs 

decrease significantly when the share of door-to-door collection is reduced (Figure 23). Based on this 

result it would be easy to draw the conclusion that a system with only community bin shall be given 

preference.  

 

 

Figure 23: Development of Operational Expenses with different shares of collection coverage 

 

However, as stated above also non-financial criteria have to be considered while planning a collection 

system. The secondary axis in Figure 23 show the development of required community bin volumes (total 

volume of wet and dry & mixed waste bin). Although the community bin collection shows lower costs, 

bin sizes, especially in high density areas, are expected to be too large to be accommodated within the 

areas considering the low availability of space. At 100 % community bin collection, a community bin in 

high density areas with a radius of 150 m would require a volume of approx. 16 m³. In low density areas 

a collection system only based on community bins with approx. 5 m³ per bin and 200 m radius may be 

feasible, but as all three density areas are highly intermingled and no clear demarcation is available, two 

separate system concepts are not recommended. Operational expenses vary with the number of required 

vehicles, the number of employees per vehicle and the distance each vehicle has to travel. Additional 

OPEX like taxes, insurances and maintenance costs are given as a factor of number of bins and vehicles. 

Due to the low loading capacity of the door-to-door collection vehicle, the number of required vehicles 

including labour is rather high compared to the distance each vehicle travels per day. As a result, labour 

costs are significantly higher than fuel costs for the travelled distance. In contrast to that, each 
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community bin vehicle travels longer distance, while the total amount of community bin vehicle is 

reduced compared to door-to-door collection. Hence, the share of labour costs in the total expenses is 

lower. Table 45 shows the share of fuel costs in the total operational expenses. 

 

Table 45: Share of Labour Costs in Total Operational Expenses 

Share of Labour Costs in Total 

OPEX 

D2D CB 

LD 89% 75% 

MD 90% 71% 

HD 90% 67% 

 

For door-to-door collection, labour costs are the cost driving factor. An average of 90 % of all 

operational costs is related to the salaries of the employees. Due to the rather short distances per 

vehicles, fuel costs have a low impact in comparison. The share of labour costs in OPEX of CB collection 

is lower in comparison to D2D, mainly due to the lower number of employees per KG of collected waste 

and the higher distances (fuel costs).  

 

 

Figure 24: Development of the number of collection vehicles 

 

Figure 24 illustrates the development of number of required collection vehicles for each system. The 

graphs show clearly that the number of community bin trucks does not change significantly while 

increasing the collected volume of community bin waste. As described above, low density requires more 

CB vehicles due to the large area. The areas of medium and high density are similar, although the waste 

generation per area varies, which is why high density areas require slightly more CB vehicles. Low 
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density areas have a higher number of CB vehicles while increasing the collection coverage of D2D, 

which is a result of the limited collection time. Although 7 CB collection trucks could cover all low 

density areas at more than 80 % D2D collection coverage based on their loading volume without 

clearing their load in between, they would need more time to fill their loading volume than the total 

daily working time of 22 hours. Hence, they are operating with below their capacity. However, at this 

point the efficiency of CB collection per KG waste decreases significantly as the vehicles cannot be 

operated with their entire capacity. Here smaller truck volumes would be an option, but with higher 

expenses per KG (Figure 28). The number of D2D collection vehicles decrease linearly with the collected 

waste amount. However, at collection coverage for D2D of approx. 25 %, the number of D2D trucks 

remains steady (approx. 10 % for MD and approx. 5 % for HD respectively). In this case, similar to CB 

collection trucks, D2D collection trucks in LD areas could accommodate more waste with respect to their 

loading capacity, but would require more time to serve all potential areas than available. As a result, the 

number of trucks remains steady, while the waste volume per vehicle, and so the collection efficiency, 

decreases. The efficiency limits for both CB and D2D trucks are marked with a red line in Figure 24. A 

cost-efficient waste system combining both systems has to stay within the ranges of the optimal 

collection efficiency. 

 

6.3 Segregation Rate 

The Segregation Rate describes the level of waste segregation at household level. In this study the 

proposed segregation type is wet waste (all organic waste fractions) and dry waste (all non-organic 

waste fractions). The segregation rate in percent reflects the waste share of the total mixed waste 

stream which has been segregated into the two separate fractions. To analyse the collection costs under 

current and future conditions, different levels of segregation at household level have been modelled. The 

development of operational costs and, as a major cost driver for OPEX, number of required D2D vehicles 

with rising segregation rate is illustrated in Figure 25 and Figure 26. 

 

 

Figure 25: Operational expenses for different segregation scenarios 
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Figure 26: Development of number of D2D trucks with rising segregation rate 

 

From Figure 8 can observed that operational costs per kg and day for collection are decreasing across all 

strata when waste segregation at source is rising. The decrease of OPEX correlates with the reduction of 

required D2D vehicles. As the number of D2D trucks strongly depends on the generated waste volume, a 

reduction of waste volume at a constant waste generation level in kg per person can be observed. When 

organic waste, which contributes to more than 60 % to the municipal solid waste composition, is 

collected separately in higher amounts, it is stored with higher density in comparison to mixed waste. 

Hence, the overall waste density is slightly increasing, which has a vast impact on the entire waste 

collection system.  

In conclusion, apart from environmental benefits and advantages of the downstream waste treatment it 

can be stated that segregation at source also contributed to a cost reduction in the collection system. 

 

6.4 Truck Volume 

The initial design of the collection system and the MCA are based on an assumed loading capacity for 

D2D trucks of 2 m³ and CB trucks of 15 m³, based on evaluation of minimal road width and turning 

radius by TFF (2015), an assessment of the scope for design improvement of existing waste collection 

vehicles and a market analysis of existing and available collection vehicles. As seen in the previous 

chapter, small changes in the waste volume have significant impacts on operational costs. Hence, also 

small changes in the loading capacity of each truck will affect the total operational costs. This sub-

chapter strives to verify the validity of the assumption of 2 m³ and 15 m³ through identifying an optimal 

loading capacity.  
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Figure 27: Development of operational costs with increasing D2D vehicle loading capacity 

 

As shown in Figure 27, OPEX are increasing exponentially when the loading capacity of D2D vehicles is 

reduced below 3 m³. When the volume is reduced to 2 m³, OPEX per KG and day are 1.75 INR higher. 

However, if volume is decreased by another 1 m³, OPEX rise by 4.75 INR. Hence, the current D2D truck 

volumes of 1.3-1.7 m³ show higher inefficiencies.  

At 2 m³, the slope of the graph is comparably low. Considering the given limitation of D2D truck 

dimensions, a loading capacity of 2 m³ is rather adequate. A D2D truck volume below 2 m³ has 

exponentially higher costs and is therefore not recommended. However, in order to optimize costs the 

feasibility of vehicles with 3 m³ loading capacity should be investigated in depth during the detail 

planning process. 

 

 

Figure 28: Development of operational costs with increasing CB vehicle loading capacity 
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Figure 28 demonstrates the increase of operational expenses at different loading capacities for CB 

vehicles. Low capacities of 2 or 4 m³ have comparably high OPEX, while the variations of the expenses 

decrease with rising truck volume. However, community bins will be placed with access to bigger streets 

to enable automatic lifting vehicles to discharge the bins, so CB vehicles do not have to serve all narrow 

streets. As a result, larger vehicle volumes are possible than for D2D collection. Capacities greater than 

15 m³ show almost similar expenses for fuel and personnel, while below 15 m³ OPEX are increasing. As 

dimension limitations (i.e. narrow streets, sharp crossings) on ground give preference to smaller vehicles, 

a cost optimum can be found at 15-16 m³. Hence, the validity of the initial assumption of 15 m³ can be 

confirmed. 

 

6.5 Maximum delivery radius 

The collection design and MCA above assumes a maximum radius each resident has to walk to the 

nearest Community Bin of 200 m for LD, 180 m (90 %) for MD and 150 m (75%) for HD. The value of 

200 m is based on recommendations for Europe. However, as Indian population densities, perception of 

convenience, financial aspects, public space availability, etc. are different, this assumption can only be 

taken as baseline for further investigation. Regarding social acceptance and public convenience, the 

radius should be chosen as small as possible. However, this has to be balanced with costs and space 

availability. The development of CAPEX and OPEX with different radius is illustrated in Figure 29 and 

Figure 30.  

 

 

Figure 29: CAPEX - Evaluation of maximum walking distances to CB 

  

₹ 0 

₹ 5,000,000 

₹ 10,000,000 

₹ 15,000,000 

₹ 20,000,000 

₹ 25,000,000 

₹ 30,000,000 

₹ 35,000,000 

₹ 40,000,000 

₹ 45,000,000 

₹ 50,000,000 

0 50 100 150 200 250 300 350 400 450 500

A
n
n
u
a
l 
C

A
P
E
X

 i
n
 [

IN
R

 /
 a

] 

Radius LD (MD 90%, HD 75%) in [m] 

CAPEX LD

CAPEX MD

CAPEX HD



   

 

97 

 

Figure 30: OPEX - Evaluation of maximum walking distances to CB 

 

Both Figures show rapid increase of CAPEX and OPEX when radius falls below 180 and 150 m for 

medium and high density areas and 300 m for low density areas. If a radius of 100 m for LD (90 m for 

MD and 75 m for HD) is selected, costs for collection operation increase by 17 %. As a result, apart from 

walking convenience a rather large walking distance would be chosen only according to the financial 

data. However, if the distance around each CB is increase, the number of connected households and 

waste generation per community bin also increases. Land availability is a limitation factor within the 

City of Bangalore, which is why CBs should have a volume as small as possible, which results in a lower 

radius around each bin. To balance all requirements, the total bin volume of each CB point is also 

plotted in Figure 30. The total bin volume at the initially assumed radius of 200 m LD, 180 m MD and 

150 m HD is 2.3 m³, 5.5 m³ and 7.9 m³ respectively. For LD areas, these volumetric values are considered 

as feasible. For high density areas with even lower space availability than other areas, this may be too 

large. However, changing the radius for HD to 100 m, the bin size would decrease to 3.1 m³, while costs 

only increase by 2.5 %. However, if the radius is decreased further, CAPEX and OPEX will rocket up. 

Similar to high density areas, medium density areas could be optimized by reducing the radius from 

180 m to 135 m, resulting in a total bin volume per collection point of also 3.1 m³. Operational expenses 

would increase by 4.9 %. 

 

6.6 Collection Frequency for Community Bins 

In the initial calculation a collection frequency for Community Bins is based on a value of 7 times a 

week. During the study it was expected that if collection frequencies are reduced, the number of 

required CB trucks will decrease as one truck can be operated on alternating days in different areas. 

However, as seen in Figure 31, CAPEX per annum do only slightly decrease. Low density areas show a 

higher decrease, as here per CB have to be served with a higher number of vehicles than in areas with a 

higher population density. Also CAPEX are fluctuating slightly due to various interdependencies in the 

system (i.e. bin size and costs, travel distance per vehicle and vehicle costs, etc.).  
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Operational costs increase slightly when collection frequency is reduced. Lower collection frequencies 

cause a larger waste volume per CB. Hence, each CB truck is filled faster and has to discharge their load 

at a transfer point more often. The increase of travel distance per vehicle results not only in higher fuel 

and therefore operational costs (among the strata approx. 13 % increase when collection frequency is 

reduced from 7 to 1 time per week), but also again in an increase of required vehicles, as the available 

collection time on ground is reduced due to the time spent on travelling to transfer points. As a result, 

the initial decrease of CAPEX is levelled out to some amount. 

 

 

Figure 31: Development of CAPEX per annum at different collection frequencies 

 

However, if collection frequency would be reduced in order to safe capital expenses, the CB volume 

would again increase significantly (Figure 31). If waste is only collected 6 times a week, the CB volume 

would require a volume of >10 m³. Apart from the availability of the additionally required land, the 

additional land costs have to be added on top of the CAPEX. Hence, it is likely that a reduction of 

collection frequency has only very minor effects on the reduction of capital investments and will lead to 

increase operational expenses as well as organizational aspects regarding land and space availability for 

CBs. A decrease of collection frequency is not seen as a feasible method to reduce costs. The initial 

assumed value of 7 collection times a week for community bin can therefore be confirmed as a valid 

design parameter. 
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6.7 Maximum distance to Transfer Point 

A fundamental part of the collection system is the distance to transfer points / discharge points. A 

transfer point will serve both D2D and CB vehicles, which is why both systems are calculated based on 

the initially assumed maximum transfer distance of 10 km. An increase of the maximum transfer 

distance results for CB vehicles in an increase of fuel costs, less available time on ground for collection 

and more required vehicles. The effects on D2D, considering a time window for collection on ground of 

4 hours and 2 trips per day, results in less time for collection on ground, higher fuel costs, more required 

vehicles and higher labour costs as one trip will be done outside of the 4 hours collection window. 

 

 

Figure 32: operational costs as a function of maximum distance to transfer point 

 

OPEX per kg waste and day rise linearly with the maximum transfer distance among all population 

densities (Figure 15). The operational costs increase from 5 km to 20 km by approx. 72 %, from 5 km to 

10 km by approx. 23 %. However, a decrease in distance and operational costs of the collection vehicles 

always results in an increase of CAPEX and OPEX for transfer facilities. The lower a transfer distance is 

the more transfer points have to be constructed. A transfer distance of 20 km can be assumed to be 

sufficient for direct discharge at a waste treatment facility at the outskirts of the city. Community Bin 

vehicles could reach the treatment facility without significant efficiency losses. However, West Zone, 

Bangalore, has an average radial diameter of 7.7 km. Assuming a transfer station near the centrum of 

the study area, each vehicle would be able to reach the transfer station within the traveling distance of 

10 km, including longer distances due to the road infrastructure. Costs and land availability for transfer 

station have to be evaluated and balanced with respect to the transfer distance and OPEX for longer 

transfer distances. One transfer station for the entire area would bundle the entire waste of West Zone 

and subsequently require a large space, but can reduce cost per KG due to economies of scale. If less 

space is available and only several smaller transfer facilities are feasible, costs per KG will be higher and 

economic benefits in comparison to the direct transport to a discharge and treatment facility have to be 

evaluated. However, based on these results the construction of satellite transit points is not seen as an 

economic option considering additional operation and land costs.  
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6.8 Changes in labour amount and costs 

Labour costs pose a high share of overall operational costs as described above. This sub-chapter analyses 

the change of OPEX when salaries are raised under future conditions or by system operators and 

decision makers. It can be observed from Figure 33 that total operational costs almost double (+87 %) if 

salaries for vehicle operators are increased from 100 INR per hour to 200 INR per hour. However, salary 

costs always have to reflect legal requirements as well as social standards and costs of living.  

 

 

Figure 33: Daily OPEX as function of Salary of Vehicle Personnel (labour costs) 

 

A similar effect on operational expenses has the number of employees per truck (Figure 34). Based on 

truck operation, cleaning tasks and time a number of 2 employees per truck are assumed. However, if 

increased or additional task require a higher number of employees per vehicle, total operational costs 

will increase from 2 to 3 persons per vehicle by 43 %. If through automatization and an integrated 

system planning only one person would be required for collection vehicles, a cost reduction of overall 

OPEX by 76 % could be achieved. However, the number of employees per truck has to be coordinated 

according to the scope of work required per vehicle. 
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Figure 34: Daily OPEX as function of number of employees per vehicle (amount of labour) 

 

6.9 Changes in loading time for Community Bins  

The loading time is determined at 600 seconds (10 minutes) per collection point. It can be assumed that 

in the first years public behavior has to adapt the new system. Littering next to the community bins and 

undesired waste input can be expected. Hence, truck personnel will be required to clean the area around 

the CB manually. According to the data of the chosen vehicle, the automatic lifting, discharging and 

replacing process take approx. 25 seconds. For the remaining time a safety factor for cleaning is 

considered in the calculation for over estimation. It can be seen from Figure 35 that OPEX will decrease 

slightly when time for loading and cleaning is reduced, due to public acceptance and participation. 

Behavioral and educational training as well as promotion of public waste disposing could be an option 

to achieve higher participation rates. 
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Figure 35: Daily OPEX as function of Loading and Cleaning Time for Community Bins 
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7 Expenses for Street Sweeping 

Street sweeping and cleaning of the urban road infrastructure is the collection of waste from the streets 

and has to be counted to the collection system. It has to be performed in any of the above regarded 

waste collection systems. The length of streets is constant within the study area and a certain amount 

of manual sweeping has to be performed in any case, also in order to correspond with the current 

system and personnel. A variety of different cleaning options, as seen in the collection systems above, 

cannot be observed. As a result, street sweeping is regarded as a fixed amount of collection work in this 

study. CAPEX and OPEX of Street Sweeping have to be added to the expenses of the above described 

systems. Street sweeping is not part of the Multi Criteria Analysis. 

The collection of Street Sweeping waste requires a higher amount of organization and coordination. 

Currently street sweeping waste is either collected by the D2D trucks or discharge on litter spots. The 

coordination between street sweepers and the D2D vehicle personnel is rather low (TFF, 2015a). 

Additionally, street sweeping waste has to be lifted manually on the collection vehicle. A new system 

has to incorporate proper planning and management of the respective workloads, considering high 

standards of work safety and health.  

In the proposed system, street sweepers are only responsible for street sweeping of a certain road 

section. They will not be engaged in D2D collection.  

In the proposed system, the collection of street sweeping waste will be performed by using community 

bins. The CB volumes in the system design above are therefore increased by 20 % to accommodate the 

additional volume. In contrast to recommendations in the literature, street sweeping waste of Bangalore 

can be collected together with household and household-like waste according to ISAH waste 

characterization study and its analysis (2015).  In the proposed system, community bins are placed in 

max. distance of 200 m, which is within the working radius of each street sweeper. However, community 

bins have to be designed in a way to facilitate the discharge of street sweeping pushcarts.  

The following cost calculation is only an estimation based on several assumptions, as various key figures 

of the system could not be quantified. It is a tool for decision makers to project costs and to identify 

cost potentials. Moreover, it should give an overview on the approx. cost dimensions for street sweeping 

of an integrated and sustainable collection system. The exact street sweeping expenses have to be 

calculated after further detailed investigations in West Zone.  

In order to estimate the number of required resources for street sweeping, following assumptions have 

to be taken: 
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Table 46: Road System Bangalore and West Zone 

Bangalore Road System1)       

Total 13,000 km 100% 

Arterial 923 km 7.1% 

Subarterial 1,017 km 7.8% 

      

West Zone Road System        

Total2) 1,379 km 100% 

Arterial 98 km 7.1% 

Subarterial 108 km 7.8% 

1) Source: Government of Karnataka (2009) 
2) Source: BBMP (2015) 

 

As an initial assumption, the distribution of Bangalore road types according to BBMP (2015) (Table 20) is 

set equal to the road distribution in West Zone based on the total road length of all 44 Wards 

(BBMP, 2015). Arterial and Sub-arterial roads are considered as large roads (>50 feet) which can be 

served by automatic sweeping vehicles. In the proposed system, medium and small roads (<50 feet) will 

be cleaned manually.  

 

7.1 Manual Street Sweeping 

According to KUIDFC (n.d.), the street sweeping performance of each employee can be estimated for 

medium streets with 500 m street length per day (4 working hours) and for small streets with 750 m per 

day. As the distribution of small and medium streets is unknown, the lower performance of 500 m per 

day and person is chosen for further calculation.  

The calculation of required employees and operational expenses is given in Table 21. 

 

Table 47: Calculation of Street Sweeping Employees 

“Arterial-like“ 206 km   

“Non-arterial“ 1,173 km   

  

  

  

Street Sweeper "Performance" 0.51) km Street / d / cap 

  

  

  

  

  

  

No. Req. Street Sweepers 2347 

 

  

Salary 3532) INR / d   

OPEX 8,28,491    INR / d   
1) Source: KUIDFC (n.d.) 
2) Source: According to minimum daily wage regulations for sweeping and cleaning personnel India  



   

 

105 

The streets are into “arterial-like” (large streets, accessible for automatic cleaning vehicles) and “non-

arterial” (medium and small sized streets, manual sweeping). An amount of 2347 street sweepers is 

required to clean 1173 km of “non-arterial” streets in West Zone with a daily salary expenses of 

8.28 lakh INR, considering a daily cleaning. Compared to the current number of street sweeping of 6091, 

the estimated lower number can be explained by the support of mechanical street sweepers, the non-

engagement in D2D collection and the possibility of direct waste disposal in Community Bins. If streets 

are only cleaned 20 days a month, operational manual sweeping costs will decrease to 5.5 lakh INR. 

Hence, the need for daily sweeping of each street has to be evaluated thoroughly in order to reduce 

costs.  

Each street sweeping employee requires a pushcart to collect waste. Following the overall assumption 

for this study that existing equipment cannot be used further, capital expenses for manual street 

sweeping are estimated as follows in Table 22. 

 

Table 48: Capital Expenses for street sweeping 

CAPEX per pushcart 7,000
1)
 INR / pushcart 

No. Of Street Sweepers 2,347   

  

 

  

Total CAPEX 1,64,29,000 INR 

Lifetime 5
1)
 a 

Interest Rate 3%   

Discounting Factor 0.22   

CAPEX / a 35,87,347.3 INR / a 

CAPEX / d 9,828.3 INR / d 
1) Source: Assumption based on comparative values for pushcarts from   

emerging countries with similar conditions 

 

The annual capital costs for manual street sweeping equipment amount approx. 35.9 lakh INR. The daily 

cost burden (OPEX & CAPEX) for manual street sweeping is approx. 8.4 lakh INR/d.  

  



   

 

106 

7.2 Mechanical Street Sweeping 

Mechanical street sweeping will be conducted in large streets (“arterial-like” streets). The calculation 

results are shown in Table 49.  

Table 49: Mechanical Street Sweeping Calculation 

"Arterial-like" 2061) km 

Lanes 3   

Directions 2   

Sweeping Velocity 52) km/h 

Total Sweeping Hours per Day 246.9 h 

Nighttime (low traffic) 22 pm – 6 am   

  8 h 

  

 

  

Number of Routes 30.87   

Cleaning Frequency 3 per Week 

Number of Vehicles 14.00   

  

 

  

CAPEX per Vehicle 50,000.003) € 

  35,00,000.00 INR 

Total CAPEX 4,90,00,000.00 INR 

Lifetime 53) a 

Interest Rate 3%   

Discounting Factor 0.22   

CAPEX / a 1,06,99,374.0 INR / a 

CAPEX / d 29,313.4 INR / d 

Vehicle Fuel Consumption 3.03) km / Litre 

Total Fuel Consumption 3,704.2   

Price (Bengaluru) 49.34) INR / Litre 

  

 

  

Price / km 16.4 INR / km 

Total Fuel Costs per Trip 20,286.7 INR 

Total Fuel Costs per Week 60,860.1 INR / week 

Fuel Costs per Day 8,694.3 INR / d 

Employees per Vehicle  2   

Salary per hour 100  INR / h 

Total Salary per Week 1,48,168.25 INR / week 

Total Salary per Day 21,166.89 INR / d 

OPEX / d 29,861.19 INR / d 
1) Source: Government of Karnataka (2009) 
2) Source: Average of sweepings velocities of available sweeping trucks 
3) Source: Comparison and average of international street sweeping trucks, Information by Manufacturers. 
4) Source: Indian Oil (2015)  
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The “arterial-like” streets are estimated with 3 lines (including. road sides) in 2 directions for over 

estimation. The required sweeping distance is therefore calculated 6 times. Operation hours are chosen 

within the time frame of low traffic in order to avoid further negative traffic interferences. For large 

streets a cleaning frequency of 3 times a week is determined. Considering investment costs of 35 lakh 

INR per vehicle and an interest rate of 3 %, overall annual capital expenses will amount approx. 1.07 

crore INR. Adding fuel consumption per vehicle and salary costs per hour for 2 employees per vehicle, 

daily operational costs amount approx. 29,800 INR/d. A daily cost burden for mechanical street 

sweeping (incl. OPEX & CAPEX) of approx. 59,170 INR/d can be estimated.  

In conclusion, mechanical street sweeping requires approx. 287 INR per km and day, while manual street 

sweeping requires daily expenses of 714 INR per km and day. The total daily cost burden of total street 

sweeping amounts 8,97,493 INR/d. 
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8 Summary and Recommendation 

Aim of this study is to develop a conceptual design of an appropriate and innovative MSW collection 

system for Bangalore on the basis of the previous Municipal Solid Waste (MSW) characterization study 

and analysis. The present Door-to-Door (D2D) collection covers only 50 % of the generated MSW 

whereas the rest is discharged at Litter Spots (30%) and complemented by street sweeping waste (20%).  

Waste Collection and Waste Segregation are inter-related as well as the treatment of the collected 

waste and its output utilization. To cover the entire generated waste with the collection system and 

evade littering this study investigates  the two different collection methods Door-to-Door (D2D) and 

Community Bin (CB) Collection and evaluates their application also in combination. Other collection 

systems, like curbside or bag collection, are excluded from this study as discussed in Chapter 3. However, 

three different scenarios (D2D, CB and D2D+CB) and in each case three options of segregation level for 

the collection of wet, dry and mixed waste are examined.   

The scientific evaluation has being made with the multi criteria analysis methodology ELECTRE, using 

the parameter  CAPEX , OPEX, Treatment Benefit, Public Acceptance, Work of Transport, CO2 Emission, as 

well as Operator and User Friendliness. Best alternative according to the ELECTRE method with the 

chosen boundary values are the waste collection via CB only with two separate bins one for wet waste 

and one for dry and mixed waste combined.  

Although the feasibility for all systems varies between the population densities, all three density areas 

are highly intermingled and no clear demarcation is available, which is why two separate system 

concepts are not recommended. Thus it is recommended for applying any one collection system option 

for all the strata and stream together. 

However, the parameter evaluation regarding sensitivity shows a different but multilayered result. 

Moreover, waste of street sweeping, commercial establishments and other informal sources are included 

within this calculation: 

 The waste collection should be a balanced combination of both systems D2D and CB within a share 

of D2D coverage of 80 % to 25 %. A cost-efficient waste system combining both systems has to 

stay within the ranges of the optimal collection efficiency.  

 If the entire MSW is collected by community bins, bin volumes have to be increased and distances 

between two bins reduced. This has to be well-adjusted with the availability of space, but is seen as 

feasible as also convenience and public participation increases with lower distances.  

 A truck capacity for door-to-door collection of 2 m³ posed to be an adequate design considering all 

limiting factors. However, in order to optimize costs the feasibility of vehicles with a higher loading 

capacity should be investigated in depth during the detail planning process. As dimension 

limitations (i.e. narrow streets, sharp crossings) on ground give preference to smaller vehicles also 

for Community Bin collection, an optimum can be found at 15-16 m³. Hence, a Community Bin 

vehicle of 15 m³ loading capacity is recommended. In order to optimize Community Bin size and 

maximum walking distance, a radius of 200 m around each bin is recommended for low density 

areas. For medium density areas, a radius of 135 m balances cost and bin volume in an optimal 

way, while for high density areas 100 m are recommended. If the proposed CB trucks cannot enter 

an area within the advised collection radius, the radius can either be extended or the truck 

dimensions reduced to serve the specific area. In critical cases, smaller satellite vehicles, which feed 

the container to the main collection truck, or bins on wheels which are brought to the regular CB 
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truck at an accessible street, could be an alternative to maintain a high bin coverage. In places of 

low space availability, cost-intensive underground bins could be an option. However, the detailed 

design for each area has to be investigated during the planning and implementation process on 

ground considering financial and technical requirements of the municipality. 

 

In general: 

Educational campaigns to engage residents in segregation waste at source are seen as a useful tool. 

With rising segregation rates, operational expenses will decrease. Additionally, promoting segregation at 

source supports the waste treatment performance and therefore environmental conditions.  

A decrease in collection frequency for Community Bins is not seen as a feasible method to reduce costs. 

A frequency of 7 times a week is recommended considering all interdependencies. 

Waste transfer has a fundamental role in bundling decentral generated municipal solid waste and 

transport it to a waste treatment facility. Total operation costs are increasing linearly with the distance 

of waste transfer. A collection system which only consists of Community Bin collection can directly 

deliver their load to a treatment facility within a distance of 20 km, no transfer station is needed 

considering all costs. If the collection system combines Door-to-Door and Community Bin collection, a 

transfer station within a distance of 10 km for all vehicles is recommended, again after balancing space 

availability and expenses for the transfer station. 

To keep operation costs within affordable dimensions, only two persons per collection vehicle are 

recommended. In order to cope with an equal amount of work, in particular for Community Bin 

collection, the loading and cleaning time of each Community Bin is enhanced to 10 minutes (but can be 

reduced if public disposal behavior and participation is increased). 

 

Table 50: Recommended Design Parameters 

 

For street sweeping, cost can be reduced by approx. 35 % if streets are only cleaned 20 days a month. 

Hence, the need for daily sweeping of each street has to be evaluated thoroughly in order to reduce 

costs. As mechanical street sweeping requires approx. 287 INR per km and day, but manual street 

sweeping requires daily expenses of 714 INR per km and day, an increase application of mechanical 

street sweeping, also in smaller roads and streets, has to be evaluated in detail.  

  

  LD MD HD   LD MD HD 

Coverage of Community Bins [%] 100% 100% 100%  Salary 

[INR/hr/employee] 

100 

Radius for 1 maximum convenient 

walking distance [km] 

0.200 0.135 0.100  Number of employees  

[per vehicle] 

2 

Collection times frequency for CB 

[in a week] 

7 7 7  Vehicles loading capacity 

[m³] 

15 

Max. distance to the transfer station 

[km] 

10 10 10  Loading / Cleaning time 

[second] 

600 
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The results of the MCA, analyzing and comparing collection alternatives with regard to expenses, 

treatment benefit, transport work and environmental pollution, is as follows: 

 It is obvious from proposed collection system scenarios that option one of all scenarios are 

having better segregation at source than others and hence have better scope of resource 

recovery and treatment benefits over other options, though the transport work as well as cost 

requirements are a bit higher.  

 The requirements of transport work influenced greatly the costings of the system. It is thus seen 

from the calculation results that option two of scenario two (waste collection through only 

community bin system) is the significantly cheapest collection solution (38.76-49.16 Million INR 

per year) whereas option three of scenario three is the most costly one (488.14-581.64 Million 

INR per year).  

 As scenario two requires less transport work (0.9-1.2 Million km per year), this option also emits 

less CO2 for its collection works than other scenarios. However option three of scenario three 

generates the most CO2 of 14.2-16.9 ton per year. So from the environmental point of view, 

option two of scenario two is the best collection solution. 

 With the combined effects of all the evaluation parameters, it is resulted from the MCDA 

analysis that option three of scenario two is the optimum collection solution for the West-Zone 

Bangalore.  

 

Following the results, a community bin collection system with one separate wet waste bin and one 

dry & mixed waste bin with the above described design parameters (Table 24) is recommended. 

However, this MCDA result does not necessarily mean that this first ranked option should kept 

implemented always, varying priorities in waste collection can lead to different results.  
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1 Project description  

Bangalore city in India has a population of around 10 million. The city is under the jurisdiction of Bruhat 

Bengaluru Mahanagara Palike (BBMP) which is the municipal body. The administrative area is divided 

into 8 zones and 198 wards (BBMP, 2015).  

A detailed waste characterization study was conducted for the west zone of Bangalore by The Forward 

Foundation (TFF), Bangalore in collaboration with Electronic City Industrial Township Authority (ELCITA), 

Bangalore and BBMP under the guidance of Institute for Sanitary Engineering and Waste Management 

(ISAH), Leibniz Universität Hannover, Germany. The study area comprised of 44 wards with a total area of 

approximately 46.70 km
2 
with a population of about 1.66 million. 

Based on the results from this study, Wasteconsult International based out of Langenhagen (near 

Hanover), Germany has been engaged to develop an appropriate waste treatment solution for the study 

area. Following the study, several meetings and discussions were conducted in Bangalore from Aug 10-

13, 2015 with all stake holders, where the status of waste characterization study was assessed and 

further steps in the project for collection, transfer and treatment were discussed in brief. During the 

meetings, it was communicated that the concept must have a high level of health and safety standards 

to avoid direct contact of the workers with dirty and unsegregated waste. A balance between high level 

of automation in the treatment process and maximum possible labour intensity needs to be achieved. 

The aim of this project is to develop a reliable, approved and successful waste processing facility. This 

requires the availability of a reliable process, machinery and personnel with appropriate skills, education 

and working morale.  

The main objectives of this feasibility report are: 

 

1. Concept development:  

• Evaluation and selection of different process technology for waste treatment 

• Plant sizing, Material flow balance, Preliminary plant layout, Material receipt, handling and storage  

• Comparison of different concepts and Budget estimates 

• Process specifications and utility requirements  

• By-product specifications for recycling market and downstream treatment suggestions 

• Automation level required (i.e. minimising manual handling), Plant Safety – Health and Environment 

 

2. Treatment design 

• Process design of the selected waste treatment solution 

• Plant sizing and material flow balances, process specification and utility requirement 

• Formulating the criteria for different end products and downstream treatment 

• Formulating appropriate standards for automation, health & safety 

• Setting standards for emission and design of appropriate treatment systems 

• Cost estimates for the treatment solution 

 

Remark: This is a concept study. Before building the plant, detailed engineering and verification of 

process parameters is necessary. 
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2 Input waste quantity and characteristics 

2.1 Methodology 

For conception and dimensioning of a waste treatment plant, sound data about waste composition and 

also about chemical and biological properties and physical data like density is required. Values for the 

quantity and composition of the waste are taken or adopted on the basis of the waste characterization 

study performed by ISAH, TFF, ELCITA and BBMP (Weichgrebe et al., 2015).  

The area of west zone was stratified based on population density into high, medium and low density 

areas. The average per capita waste generation was found to be 0.431 kg/d, however variations were 

observed among different strata.  

 

2.2 Waste composition 

Physical waste compositions were analysed based on the MSW sample collected from all waste streams 

and strata in West Zone of Bangalore city. Figure 36 graphically depicts the primary categories of waste 

and overall physical composition.  

 

 

Figure 36: Overall MSW composition for West Zone, Bangalore City (adapted from Weichgrebe et al., 2015) 

 

The overall size fraction distribution of the waste is as mentioned below: 

<14mm  - 13% 

14-55mm - 37% 

55-77mm - 17% 

>77mm  - 33% 

The detailed waste composition is as mentioned in Table 51. 
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Table 51: Primary waste categories by weight- overall composition (Weichgrebe et al., 2015) 

Primary Categories Est. Percentage [%] Cum. Percentage [%] Est. Sample [kg] 

Organic 62.63 62.63 11347.69 

Plastics 9.92 72.55 1798.02 

Paper and Cardboard 8.76 81.31 1587.27 

Textiles 4.60 85.92 834.06 

Fines 4.18 90.09 756.58 

Composites (Al, plastic, 

paper) 

3.30 93.39 597.65 

Biomedical Waste (mostly 

napkins) 

2.03 95.42 367.90 

Inert 1.61 97.03 292.30 

Glass 1.45 98.48 261.86 

Liquids 0.42 98.90 76.12 

Wood 0.35 99.24 62.57 

Hazardous Household Waste 0.34 99.58 60.92 

Metals 0.30 99.88 53.87 

Mixed Waste of Electrical 

and Electronic Equipment 

0.12 100.00 22.07 

 Total 100   18118.89 

 

The waste characterization involved size separation by screening and also sorting. This was conducted for 

all the waste streams – Door-to-Door (D2D) collection, litter spots (LS) and street sweeping (SS). The fine 

fraction (<14mm) was mostly organic waste; however it could not be physically characterized.  
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Table 52: D2D Waste categories in different strata and fraction groups (from Weichgrebe et al., 2015) 

Primary Waste 

Categories 

 Share of Fractions [%]   

>77 mm 55-77 mm 14-55 mm All together 

Organic 11.75 12.68 36.31 60.74 

Plastics 6.67 2.30 0.86 9.84 

Paper 5.82 2.03 0.71 8.56 

Textiles 3.31 0.57 0.22 4.10 

Composites 2.15 0.47 0.25 2.87 

Biomedical 1.74 0.41 0.09 2.25 

Glass 0.96 0.22 0.10 1.27 

Inerts 0.24 0.14 0.15 0.53 

Hazardous 0.18 0.12 0.13 0.43 

Metals 0.17 0.06 0.07 0.30 

Wood 0.08 0.03 0.06 0.16 

Mixed WEEE 0.05 0.04 0.04 0.14 

Fines 0.00 0.00 0.00 8.39 

Liquids 0.00 0.00 0.00 0.42 

Total 33.11 19.08 39.00 100.00 

 

2.3 Detailed chemical composition 

Table 53 shows detailed chemical data of the various screening fractions and waste components. Based 

on experience, the moisture contents are too low for this type of waste. This is probably caused by the 

fact that moisture partly evaporated during the sorting and screening process. This has to be considered 

while using moisture contents and net calorific values for the dimensioning of the waste treatment 

plant.  
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Table 53: Detailed chemical composition (data from Weichgrebe et al., 2015) 

 

Sample 

Net 

Weight 

[kg] 

Moisture 

content 

[wt-%] 

Organic 

Dry 

Matter, 

[wt-%] 

Ash 

content, 

[wt-%] 

Total 

organic 

carbon 

[wt-%] 

Cd 

[ppm] 

Cr 

 [ppm] 

Cu 

 [ppm] 

Pb 

[ppm] 

Zn 

 [ppm] 

Hg 

[ppb] 

Net 

calorific 

value 

[MJ/kg] 

Gross 

calorific 

value 

[MJ/kg] 

D2D Waste Stream 

>77 mm 7.48 32.45 59.70 7.85 55.60 0.09 11.15 9.50 13.55 244.80 16.70 25.40 14.31 

55-77 mm 9.36 34.20 61.21 4.59 37.20 <0.02 6.23 14.03 1.73 107.43 36.30 24.38 14.11 

14-55 mm 6.99 43.50 47.11 9.39 26.17 0.03 6.60 10.90 4.40 34.00 9.95 17.57 7.25 

<14 mm 11.09 36.05 57.51 6.44 24.42 0.04 9.65 20.85 14.20 103.05 35.30 16.19 8.61 

 
Organics 6.04 57.95 37.56 4.50 25.15 0.10 14.40 8.90 15.95 35.30 12.90 20.95 6.53 

Paper 3.24 41.25 50.35 8.40 28.48 4.00 24.50 6.15 0.20 27.70 15.15 22.25 10.18 

Plastics 1.04 12.00 77.30 10.70 79.03 0.07 5.10 9.90 6.65 157.15 13.45 35.18 27.02 

Textiles 3.64 27.55 69.25 3.20 59.36 0.10 3.80 18.45 3.00 162.35 29.20 22.16 14.67 

Composites 1.64 12.65 71.73 15.62 43.94 1.40 5.80 15.65 4.60 49.65 8.45 32.92 23.81 

Liquids 7.70 84.48 14.17 1.35 31.76 <0.02 0.20 0.33 <0.01 1.45 19.28 23.02 1.20 

Litter Spots 

>77 mm 
 

39.67 52.68 7.65 59.37 0.13 13.40 11.75 21.67 29.17 35.26 25.17 12.30 

55-77 mm 
 

67.67 27.13 5.21 42.45 0.12 3.02 16.85 42.77 20.17 3.88 20.50 3.86 

14-55 mm 
 

71.79 22.38 5.83 35.02 0.08 3.27 19.70 21.46 59.54 6.85 15.54 1.68 

<14 mm 
 

50.79 26.57 22.64 29.92 0.15 5.13 7.82 20.89 24.59 43.50 11.31 1.78 

 
Organics 

 
71.30 20.44 8.26 38.71 0.36 10.81 9.51 11.6 40.99 21.66 17.39 1.86 

Paper 
 

52.00 40.45 7.55 42.50 0.26 2.96 18.72 52.7 19.16 11.80 21.32 7.36 

Plastics 
 

41.43 50.61 7.96 68.83 0.13 9.10 8.05 18.1 22.53 15.48 36.93 17.70 

Textiles 
 

41.16 55.50 3.34 61.85 0.11 9.64 19.01 105.9 12.65 7.13 25.23 13.06 

Composites 
 

19.39 69.83 10.78 50.49 0.23 1.93 18.21 31.3 151.8 31.72 27.79 18.88 

Liquids 
 

85.45 13.01 1.54 47.74 0.16 0.91 3.82 5.15 352.2 11.54 25.85 1.28 

Street Sweepings 

<14 mm 
 

26.25 10.97 62.78 14.36 0.14 5.24 17.77 20.2 44.07 32.03 11.75 0.65 

Organics 
 

62.23 30.04 7.73 37.16 0.19 4.89 12.08 18.8 32.15 38.95 10.50 1.63 

 

2.4 Comparison of Carbon, oDM and TOC contents (for D2D) 

From door-to-door collection there are values for organic dry matter (oDM), total organic carbon (TOC) 

and carbon available: 

 

Table 54: Comparison of carbon contents with oDM and TOC for D2D, Weichgrebe et al. (2015) 

Parameters Fraction group (door-to-door collection) 

>77 mm 14-77 mm <14mm 

Carbon [%] 49.4 42.3 30.0 

oDM [%] 59.7 55.0 57.0 

TOC (ppm) 1700 1600 1200 
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2.5 Respiration Activity (RA4 / AT4) 

Compared to literature values of raw waste the given results are low. This could be a result of the rather 

long storage period of the waste samples, which means the actual values could assumed to be higher. 

Moreover, this test is not yet standardized in India and was executed with equipment from Germany 

under Indian conditions.  

 

Table 55: Respiration activity RA4 (AT4), Weichgrebe et al. (2015) 

Sample Waste streams Oxygen uptake (mg O2/ g DM) 

Moisture 

content [%]
1
 

> 77 mm 14 – 77 

mm 

< 14 mm Limit Value for Waste 

Deposit on Landfill
1
 

Door-to-Door 50 15.0 19.4 5.8 < 5 

Litter Spots 50 22.4 25.2 25.9 < 5 

Street Sweepings 50 24,3² 12.8 < 5 

1 As per German Landfill Ordinance, 2 Only for Organic Fraction 
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3 Selection of general waste treatment type 

3.1 Overview 

There are two proven and more sustainable ways of treating municipal solid waste (MSW) to avoid the 

direct landfilling of solid waste:  

 Mass burn (incineration) includes flue gas treatment and slag handling.  

 Mechanical-biological treatment processes are usually operated with reuse of the output (i.e. 

RDF) and/or with landfilling of the stabilized low-volume process outputs. 

 

3.2 Waste incineration 

Incineration, also often called “waste to energy”, can be useful when the waste is comparatively dry and 

has enough components with a high calorific value to enable an auto-thermal process with a high 

generation of usable energy. For a sustainable recovery of energy, not only electricity but also the 

generated heat should be used. As a reference, the EU Waste Framework Directive (Annex II, R13) 

requires a minimum energy efficiency of 65% which can only be achieve with heat recovery. 

Incineration requires a fixed, constant amount of appropriate fuel with constant average properties. In 

case of changing waste amounts or qualities, severe economic and technical problems can be expected. 

The mixed solid waste investigated in Bangalore consists mainly (63%) of (moist) organic materials 

(Figure 36) and the calorific value is low (less than 9 MJ/kg gross calorific value, see Table 6). This will 

lead to low energy production in the incinerator. In combination with the high construction costs of 

incinerators, incineration as a solely solution would not be appropriate in this project. Drying the waste 

with abundant heat could increase the heat caloric value but this is not in-line with the Indian waste 

hierarchy of the MSW Rules 2000 or even does not lead to a sustainable or economic solution under the 

local conditions. 

However, if Waste Incineration Plants are installed in places where there is a demand of heat and or 

power and the calorific value of the waste is higher (i.e. in central Europe), they can play an important 

role in holistic waste management concepts. 

 

3.3 Mechanical-biological treatment (MBT) 

Mechanical-biological waste treatment (MBT technology) is a material-specific process. Mixed (residual) 

waste is separated into various fractions, each of which is treated and, if possible, recycled in a way that 

is customised to its properties, as shown in Figure 37. The core elements of MBT are mechanical or 

physical separation technologies and the biological treatment of biodegradable waste components unless 

they are diverted to recycling (i.e. paper). Most MBT plants divide their input into a fine fraction for 

biological treatment and a coarse high-calorific fraction that undergoes extended mechanical treatment. 

Mechanical-biological stabilisation plants (MBS) deviate from this concept as their entire input (or in a 

few places only the mechanically separated, high-calorific fraction) undergoes biological drying. High 

calorific fractions from MBT and MBS are mostly used as refuse derived fuel (RDF), but can be also 

separated in various materials for recycling. The latter requires a market / destination for the separated 

materials.  
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Figure 37: Basic approach of MBT 

 

The objectives of mechanical-biological waste treatment vary depending on the location, waste flow, 

legal and economic situation, and they can thus be weighted differently as follows: 

 minimising climate-relevant methane emissions from landfills 

 decreasing landfill leachate contamination 

 reducing landfill void consumption 

 filling existing landfill volume capacities 

 minimising thermal waste treatment  

 separating recyclable materials 

 producing a high-calorific secondary fuel (RDF / SRF) 

Mechanical biological treatment processes with subsequent energy recovery from the high calorific 

fraction are appropriate for the project tasks. They are comparatively flexible and can be better adapted 

to changing waste quantities and qualities than mass burn incineration. However, MBT plants are only 

successful if they are tailor-made according to the output usage. The subsequent utilization is 

inseparable part of the MBT and should be prepared for as early as possible. Figure 38 shows the high 

calorific fraction converted into a process product. 
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Figure 38: Bailed secondary fuel from MBT 

Source: Kuehle Weidemeier 

 

3.4 Bioreactor landfill 

Sometimes, bioreactor landfills are seen as an alternative to waste treatment. Bioreactor landfills are 

sealed landfills with forced leachate recirculation and water infiltration. They require proper sealing with 

landfill membranes and a leachate treatment system. They produce biogas (methane) which is collected 

by gas wells in the landfill, but can also be operated with forced aeration as an aerobic system. The 

landfill gas of anaerobic systems is used to produce electrical energy in gas motors. It is important, that 

the gas capture rate is limited and a part of the methane, that is a strong greenhouse gas, is lost to the 

atmosphere. After the stabilisation of the organic matter in the landfill by the infiltration process and 

the biological degradation processes in the landfill (takes usually decades), there is still a landfill full of 

waste left.  

Bioreactor landfills are not a significant step forward in waste management; they are just slightly better 

landfills. Mechanical-biological treatment hat lots of advantages over bioreactor landfills: 
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Benefits of MBT over bioreactor landfill: 

 Full control and prevention of gaseous emissions in enclosed systems  

 Industrial process in which the total waste is involved. No dry (not affected) zones such as in a 

landfill  

 Leaves more stabilized material in the landfill (Aerobic degradation is more effective on poorly 

biodegradable substances than the anaerobic processes in the landfill)  

 Higher gas yield and capture (intensive treatment and no loss of open installation areas or leaks 

in a landfill)  

 Valuable resources (metals, wood, plastics, paper, etc.) are recycled and not lost in the landfill  

 Producing a high calorific solid fuel 

 Less land consumption and avoidance of burden for future generations 

 

3.5 Conclusion 

Considering the waste properties and the target of a long term sustainable and sanitary solution, 

mechanical-biological techniques are the most appropriate processes. Hence, MBT is chosen as the 

appropriate system for this project. It has to be pointed out, that the utilisation of the MBT output 

products, especially the high calorific secondary solid fuel is required for a meaningful operation of a 

MBT. Concepts and markets for that should be prepared as early as possible. There are lots of different 

MBT technologies. The next chapters describe the main groups of MBT processes and do a pre-section 

amongst them. 
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2 Description of Mechanical-Biological waste Treatment processes (MBT) 

4.1 Types of mechanical-biological waste treatment 

Mechanical-biological waste treatment plants are grouped into the following types based upon the main 

technology used in the biological stage: 

 MBT with a major landfill or compost fraction 

o Aerobic processing  

o MBT with ‘dry’ anaerobic treatment  

o MBT with ‘wet’ anaerobic treatment  

 MBT (MBS) for solid recovered fuel (SRF/RDF) production 

o Short aerobic drying process (BD) and efficient material separation after drying for 

combustion and recycling  

 Mechanical-physical drying plant (MPS). Similar to MBS, but drying with fossil energy and no 

biological step 

 

Anaerobic technologies yield both solid output streams and biogas (methane) that can be used as a 

source of energy. Anaerobic stages are always followed by an aerobic treatment phase. Installations with 

digestion stages can operate as full-stream or partial-stream fermenters (in relation to the input to 

biological treatment).  

 

The choice of MBT machinery is based upon the following factors: 

 the treatment objective 

 the type and composition of waste 

 the requirements for subsequent biological treatment 

 the requirements for energy recovery 

 

Basic elements of most MBT plants: 

 Input control /selection, input buffering / bunker (reception hall) 

 Extraction of material with high energy content (high calorific value) by sieving (diameter >60-

150 mm / ~3-6´´) or other technologies 

 Metal separation 

o Magnetic separator for ferrous metals (always available) 

o Eddy current separator for non-ferrous met. (many plants) 

 Biological treatment of fine fraction (i.e. < 60 mm) 

 Intermediate storage facility  

 If necessary, further mechanical treatment of biologically treated fraction for the withdrawal 

calorific constituents by sieving or air classification  

 If necessary, further processing of the calorific fraction 

 

In biological drying plants, usually the entire input is shredded and fed to the biological drying process. 

Separation can be done better after the drying. Figure 39 to Figure 44 visualizes a selection of important  

  



 

 

123 

 

Figure 39: Reception, intermediate storage and feeding the shredder 

Source: Wasteconsult International 

 

 

Figure 40: Inside a trommel screen 

Source: Wasteconsult International 



 

 

124 

 

Figure 41: Outside encapsulated trommel screen 

Source: Wasteconsult International 

 

 

Figure 42: Metal separation (Doedens 1998) 
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Figure 43: Tunnel hall with tunnel doors on the left side 

Source: Wasteconsult International 

 

 

Figure 44: Optical sorting from two suppliers 

Source: Wasteconsult International 

 

Figure 45 and Figure 46 show simplified process charts of the various MBT processes. They are meant to 

show the main differences. For better clarity, the exhaust air path is not included. 
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Figure 45: Simplified process chart of MBTs with a major landfill (or compost like) fraction 
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Figure 46: Simplified process chart of biological and physical drying plants 

 

4.2 Main material flows 

4.2.1 Input materials 

Input material of MBT plants usually consists mainly of the mixed residual fraction left over after source-

separated waste collections or mixed household and household like commercial waste. Besides household 

waste and commercial waste with similar properties, these facilities sometimes also process a smaller 

amount of commercial waste, bulky waste, sorting residues, sewage sludge and grit chamber residues. 

 

4.2.2 MBT output 

Table 56 is an example for the average breakup of solid material flows at German MBT plants handling 

residual waste. A distinction is made between MBT (upstream of a landfill) and MBS (primary objective: 

producing alternative fuels, biological drying) technology. 

 

Table 56: Solid output streams by fraction (wt-%) in terms of overall output (excluding rotting and drying 

losses) for different types of plants, showing the average and range of German installations (Kühle-

Weidemeier, M. et. al. 2007) 

Fraction Percentage by weight 

MBS/MPS  MBT  

FE metals 4.2 (2.6-7.0) 3 (0.3-4.8) 

NF metals 0.4 (0-0.9) 0.1 (0-0.7) 

Impurities 1.3 (0-8.7) 2 (0-12) 

Other 6.4 (0-33) 5 (0-22) 

Landfill fraction (compost-like output) 12 (0-26) 41 (19-64) 

Other low-calorific material 8.9 (0-39) 3 (0-21) 

High-calorific fraction 67 (28-97) 46 (29-77) 

Note: A few MBT plants have now been retrofitted to add NF separators, which were not installed at the time when these 

measurements were taken. The NF material stream would have increased currently. 
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Figure 47 shows the cumulated mass flow of all German MBT plants. The values represent the annual 

average. Of course, depending on technology and treatment targets the mass flow in individual plants 

will be different. 

 

 

Figure 47: Mass flow of the total of Germany’s MBT plants (various technologies in 2007), (Kühle-

Weidemeier, 2007) 

 

The output fractions coming out of different technologies in Germany is mentioned in Figure 48. It has to 

be noted that the MPS data is based on only 3 plants and the high content of RDF output might have 

been influenced by input composition. 

 

MBT MBS MPA

For further treatment / 

energy recovery

2.365.931 Mg/a

For landfilling or 

material recovery

1.194.894 Mg/a

Plant input
4.907.341 Mg/a 

Material for 

landfilling 

1.057.871 Mg/a

Non-ferrous metal 

9.995 Mg/a

Fe-metal 

127.027 Mg/a

Other low-calorific material partly for treatment, recycling 

or landfilling  158.877 Mg/a

High calorific fractions

2.009.314 Mg/a

Contraries 142.573 Mg/a

Else 214.044 Mg/a

Calculated loss of mass by 

biological degradation, drying and 

incomplete mass balances 

1.187.640 Mg/a
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Figure 48: Share of the various fraction of the total solid output of the total of German MBTs from different 

technologies (Kühle-Weidemeier, 2007)  

 

The huge amount of the high calorific fraction in the MPS output is likely caused by local / plant and 

waste specific reasons (only 3 MPS plants). All data shown about mass flows are meant as an illustrating 

example. However waste composition differs in other countries and may be much different from waste 

composition in Germany which will lead to different output composition. 
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5 Evaluation / pros and cons of the process types 

5.1 Aerobic MBT prior to landfill for the production of compost like output 

+  Lowest investment costs of all modern MBT types 

+  Smaller units are also feasible 

+  Simple and the most reliable MBT process 

+  50% or more landfill diversion 

-  No biogas production 

-  Pure energy consumer due to required aeration (negative energy balance if the recovered energy from 

produced secondary fuel is not taken into account) 

-  Comparably long biological treatment time (4-12 weeks depending on treatment targets) 

 

5.2 MBTs with anaerobic digestion 

+  Biogas production that can exceed the energy demand of the MBT by far 

-  Higher investment costs due to more sophisticated process 

-  MBTs with anaerobic stages are more complex than aerobic MBTs 

-  The anaerobic process is more sensitive than the aerobic 

-  Operation requires higher skills of the operational personnel 

 

5.3 Aerobic MBT (or MBS) with biological drying (BD) 

+  Reliable aerobic process 

+  Tunnel / box system with good emission control 

+  Dried material allows enhanced sorting and material recovery 

+  65-90 % landfill diversion 

-  Increased risk of fires 

-  No biogas production (but huge amount of refuse derived fuel RDF with high calorific value) 

-  Energy consumption through aeration 

 

5.4 Mechanical-physical stabilization (MPS) 

MPS is excluded due to high fossil energy consumption in general, especially due to the comparatively 

high moisture content of Bangalore’s waste to that of Germany. 

 

5.5 Pre-decision 

A main objective of the project is to establish a reliable, approved and successful waste processing 

facility. This requires the availability of a reliable process, reliable machinery and personnel with 

appropriate skills, education and working morale.  

Under the current situation, a simple and robust process will offer the best precondition to fulfil the 

project targets described in the previous paragraph. MBTs with anaerobic process steps are sophisticated 

units that require skilled personnel with an in-depth understanding of the chemical and biological 

processes in the reactor, the influence of feedstock variations and how to react to a wide variety of 

possible complications in the biological process. While for the given conditions (treatment of mixed solid 

waste) an aerobic process is comparatively easy to handle and tolerant to unfavourable process 
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conditions, anaerobic digestion processes are easy to “kill”, difficult to handle and time consuming to 

recover. Depending on the technology, MBTs need a wastewater management, especially (i.e. 0.5-

0.7 m³/t in wet anaerobic MBTs that requires treatment.  

Due to the sensitivity and complexity of the process, anaerobic processes are excluded from the process 

selection based on the premises of this project. Hence, an aerobic plant with composting step, an aerobic 

biological drying plant or a combination of both will be subject of closer investigations in this project. 

However, the process will have a negative energy balance which can be recovered by the reuse of the 

products. Also, the skilled personnel have to understand and maintain the process with proper air and 

water management to avoid self-ignition. 
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6 General description of process steps and machinery in aerobic MBT / MBS plants 

6.1 Manual sorting and removal of impurities 

Improperly sorted items and large impurities are first removed by hand or using grippers before 

mechanical treatment truly begins. This step prevents damage to technological systems and avoids 

introducing hazardous substances or items that might stop the technology from working properly. 

According to the waste characterisation, currently not much contraries have to be expected, but this may 

change following the economic growth. 

 

6.2 Mechanical treatment 

6.2.1 Functions of mechanical treatment 

Mechanical processing prepares waste for subsequent treatment. The degree of processing is determined 

mainly by the application for high-calorific coarse fraction and biological treatment process for the fine 

fraction. 

Mechanical treatment has the following functions: 

 Removal and/or processing (i.e. shredding) impurities 

 screening out fine fraction with a high level of degradable organic components for biological 

treatment (not at MBS plants) 

 sorting, shredding or customising high-calorific waste fractions for energy recovery (in the MBT 

plant’s main stream before or after biological treatment) 

 ejecting heavy fractions 

 separating groups of materials for recycling (i.e. metals) 

 breaking down and homogenising waste components for biological treatment 

 customising high-calorific output material 

 

6.2.2 Shredding and homogenization 

In the first stage of mechanical processing, waste is prepared for subsequent treatment, pre-shredded to 

the necessary maximum size and thereby also homogenised for the first time. The shredding process also 

opens containers and bags etc., and increases the surface area of the waste components, improving the 

breakdown of degradable organic elements for biological treatment.  

The decision of pre-shredding the material depends upon the waste’s properties. The machinery used in 

this phase varies in terms of its shredding effect and depends on the type of waste to be treated. Most 

often, the plants use breaking (i.e. single or multi-shaft breakers), cutting (rotary shear or cutting mill) or 

shearing (screw mill) machinery. One alternative is high-pressure compactors, which combine shredding 

and sorting of fractions that will undergo biological treatment. Depending on the waste properties, pre-

shredding can be avoided for some waste streams and replaced by just a bag opener. 

 

6.2.3 Separation of coarse and fine fractions 

The separation of high-calorific coarse waste fractions and the fine fraction destined for biological 

treatment is largely performed using screening (drum, vibrating and star screens). As a result of the 

waste characterization of West Zone, Bangalore (Weichgrebe et al., 2015), the screen cuts are chosen to 
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be 10 mm and 60 mm. Air-classifiers are used occasionally and a few plants also utilise ballistic 

separators. 

High-pressure compactors are used in some plants with anaerobic digestion to separate the wet organic 

fraction from the dry fractions. 

 

6.2.4 Separating FE and NF metals 

Magnets remove ferrous metals; non-ferrous (NF) metals are extracted using eddy current separation 

systems.  

 

6.2.5 Processing the high-calorific fraction 

The resulting high-calorific fraction can undergo additional processing prior to energy recovery, if 

necessary. This depends on the customer’s specifications. Apart from additional shredding, other steps 

include further removal of metals and other impurities, such as rocks or other inert, non-combustible 

materials.  

 

6.2.6 Ejection of impurities and recyclables using sensors 

Some plants also utilise sensor-based sorting technologies (optical NIR sensors) in order to remove PVC, 

for example, from the high-calorific value fraction. The PVC's high chlorine level lowers the fuel quality. 

Sensor-based sorting can also be used remove recyclables like paper, wood or selected plastic material 

from coarse and sometimes even from the fine fraction. 

 

6.3 Biological treatment (aerobic) 

6.3.1 Intensive decomposition (degradation) 

The stages of biodegradation follow first-order kinetics, corresponding to a curve that first falls steeply 

before showing an asymptotic motion. Most decomposition by mass occurs when the degradation curve 

is steep during a period that typically lasts two to three weeks. This phase is known as intensive 

decomposition because of the significant break-down of material (which is simultaneously accompanied 

by the most intense phase of emission activity).  

Aerobic degradation releases carbon dioxide, water, ammonia and heat as the main (gaseous) products of 

metabolism. The temperature typically is around 50-60°C in the intensive decomposition phase, and is 

even higher in MBS plants. The temperature has a sanitising effect on the waste. The water content, 

aeration and temperature are the key process and control parameters in composting. 

Enclosing or encapsulating the intensive decomposition stage is a core element of efforts to minimise 

emissions and optimise process efficiency. After around 3-5 weeks starts the maturation phase with 

much lower emissions. This phase is more feasible for not completely enclosed processing, but due to 

higher process efficiency and better emission control often the complete biological treatment is done 

encapsulated. 
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At MBS plants, the overall biological degradation process is restricted to a hot (intensive) decomposition 

(drying) phase lasting 7 to 14 days, during which moisture is expelled from waste through the exhaust 

air and is not replaced. 

 

6.3.2 Maturation 

Substances that are tough to decompose or unusable decomposition and transformation products release 

humic substances during the maturation phase. Maturation takes ca. 4 to 8 weeks depending on the 

process and feedstock and stabilization requirements. 

 

6.3.3 Shape and encapsulation of composting windrows 

6.3.3.1 Box, container and tunnel windrows 

In this method, waste rots in actively aerated concrete tunnels or containers that can be closed securely 

and allows a high level of emission control. This enclosed system permits comparatively accurate control 

of the composting process by measuring and regulating temperature and oxygen levels in the exhaust 

air. Process conditions can be tailored exactly to the stage of decomposition as each tunnel contains 

material of the exact same age. The material is turned upon input and removal. The rotting time is short 

(2 to 4 weeks) as the parameters can be easily controlled. However, to produce mature compost (as 

against raw compost) it could be subjected to odour emissions. 

 

6.3.3.2 Linear windrows 

This technique composts material in fortified open-air composting lines (which may also be covered by a 

roof or enclosed) that are actively aerated on an individual basis. Special turning machinery turns the 

windrows line by line.  

 

6.3.3.3 Table windrows 

Table windrows are over-sized windrows that are typically set up throughout almost entire halls and 

equipped with automatic turning machinery (bucket wheel or screw system). A ventilation floor provides 

active aeration. The aeration floor is divided into segments, allowing aeration intensity to be adjusted 

based upon how well the material is decomposing. 

 

6.3.3.4 Triangular windrows 

Triangular windrows are laid out in elongated lines in a hall or in a space covered by a roof structure. 

Material is stacked by a closed cabin wheel loader, for instance, and turned by a closed cabin wheel 

loader or a windrow turner. Triangular windrows mostly employ passive aeration and are mainly used for 

maturation when the demand for oxygen is no longer quite as high. 

 



 

 

135 

6.3.3.5 Composting and homogenisation drums 

A few installations begin biological treatment in a steel drum that rotates very slowly. The turning 

motion slightly shreds and homogenises the material, improving bioavailability and also helping to aerate 

the mixture. Integrated nozzles can inject moisture, if needed. The residence time is one to seven days. 

Material then undergoes conventional rotting. Composting drums are rarely used because of their high 

cost of operation. 

 

6.4 Wastewater treatment 

Unless a plant is wastewater-free, wastewater that is not re-circulated is treated prior to discharge. This 

step typically takes place in landfill leachate treatment units or the wastewater is sent to the local 

sewage sludge treatment plant (depending on the NH4, COD load, heavy metals, etc.) through the sewer 

network, depending on availability and permission. Wastewater treatment is thus not typically part of 

the mechanical-biological treatment plant itself (except the MBT with full wet anaerobic fermentation). 

Requirements for discharge before mixing may necessitate pre-treatment before wastewater is 

discharged into the sewer network. 

The following techniques or often combinations thereof are essentially suitable for treatment: biological 

treatment with ultra filtration, reverse osmosis and/or activated carbon adsorption. 

 

6.5 Waste gas (exhaust air) treatment 

6.5.1 Machinery 

A combination of gas scrubber (not required for wet anaerobic digestion plants) and at least one 

downstream process are generally used to treat waste gas generated by MBT plants. The downstream 

process is usually a biofilter and in Germany, it is a regenerative thermal oxidation (RTO). RTO achieves 

the highest level of exhaust gas purification but has a high energy consumption, especially in aerobic 

MBT plants.  

 

6.5.2 Wet and acidic scrubber 

The scrubbing process captures dust and humidifies dry waste gas from mechanical treatment before it 

enters the biofilter. It also washes out some nitrogen compounds. 

The main function of an acidic scrubber is to remove nitrogen compounds that would lead to the release 

of nitrogen oxide (NOx) and nitrous oxide (N2O), caused by processes in the biofilter, from waste gas. Any 

ammonium nitrogen in the waste gas stream is transferred into the scrubbing liquid (generally diluted 

sulphuric acid), which usually achieves the required fertilizer quality.  

 

6.5.3 Biofilter 

In a biofilter, the waste gas flows extensively through a bundle of organic material (often root wood) 

whose surface is teeming with microorganisms. 

Conditions must be put in place to facilitate microorganism growth in order to achieve the necessary 

degradation efficiency of odour and volatile organic carbons (excluding methane). In particular, these 
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conditions include having consistent and suitable temperature and moisture conditions, a suitable pH 

level and adequate surface area contamination for degradation, i.e. not too large (degradable material 

per m² and hour). Figure 49 shows the surface of a biofilter in Germany. 

 

 

Figure 49: Biofilter 

Source: Wasteconsult International 

 

6.5.4 Regenerative thermal oxidisers 

Regenerative thermal oxidisation (RTO) is a flameless oxidation technique that involves a heated bed of 

ceramic material. The function of an RTO is to reduce greenhouse gas emissions (i.e. methane), odour and 

to dispose of other organic substances that have an impact on the environment and human health. 

Non-catalytic regenerative thermal oxidisers can essentially be broken down into the following systems: 

 RTO systems with a combustion chamber (largely three chamber systems) 

 RTO systems without a combustion chamber (largely one chamber systems) 

RTO systems consist of an oxidation zone and heat exchange system before and after the oxidation zone. 

Crude gas is preheated to the oxidation temperature of ca. 800°C to 1,000°C in the upstream heat 

exchange element (Stockinger, 2004). The RTO can source some of its operating energy and temperature 

from the oxidation of organic waste gas components, except in the start-up phase. For the rest, a supply 

of biogas or fossil gas is required. RTO is an appropriate solution for MBTs with a high load of volatile 

organic carbon in the exhaust gas. When this exceeds about 1500ppm, RTO can be run auto thermal and 

needs no or very few external energy / heating except for the start procedure. These conditions can be 

found in some anaerobic MBTs. Aerobic MBTs usually have much lower VOC loads in the exhaust gas, 

however, higher levels VOC can be expected in India due to experiences on ground. This causes enormous 

costs for feeding fossil gas to heat the RTO and in some cases the operation of the RTO causes more 
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greenhouse emissions than it avoids. Hence, RTO is often a good solution for anaerobic MBT but less for 

aerobic MBT. Although VOC is expected to be high in India, increased aeration leads to a reduction of 

VOC levels and thereby waives the need for RTO. 

 

 

Figure 50: RTO and acid scrubber (black in the image centre) 

Source: Wasteconsult International 

 

6.5.5 Waste gas combustion 

Three of the German plants do not treat waste gas in an RTO, but send it to an incineration plant as 

waste or secondary fuel where it is used as supply air. These plants have a backup RTO that is used when 

the incinerators are under maintenance. Feeding the exhaust gas to the incinerator requires special 

corrosion protection measures in the incinerator. This way of treatment is interesting, when a biofilter is 

not appropriate for exhaust gas treatment and otherwise a RTO would be required. 

  



 

 

138 

7 Local conditions in Bangalore 

7.1 Size and location 

Bangalore is the capital city of Karnataka, India. It has an area of around 1300 sq. km. (BBMP 

restructuring, 2015) and is located at an altitude of 949 m above sea level (BBMP, 2015). It lies in 12° 

58' N latitude and 77° 38' E longitude and has the following climatic conditions. 

 

7.2 Climate 

 Mean annual temperature – 24.1 °C 

 Average temperature in hottest month(April) – 28 °C 

 Average temperature in the coolest month(December) – 21.1 °C 

 Annual Precipitation – 905 mm 

 Annual average relative humidity – 62.5% (Bangalore Climate Maps, 2015) 

 Annual average wind speed – 2.82 m/s 

 Annual average solar radiation – 5.26 kwh/m2/d (Synergy Enviro Engineers, 2015) 

 Low effect of monsoon, comparatively even distribution of rainfall 

The actual location of the proposed treatment plant has not been identified yet and hence the above 

climate data is assumed for the calculations in this feasibility study. 

 

7.3 Geology, sub soil 

No information is available for the plant location about the earthquake, inundation or risks due to any 

other natural disaster. Therefore, this study doesn’t take into account any special requirements related to 

them. These risks must be evaluated during further planning of the project. 

No information about the sub soil at the plant location is available either. This study assumes that the 

sub soil has normal load-bearing properties that don’t require any special foundation work. This should 

be further reviewed during the further planning once the project location is chosen. 

 

7.4 Infrastructure and transport 

As the site had not been determined at the time of this study, information also cannot be provided 

regarding the local situation with regards to: 

 Transport connections (road and rail) 

 Connection to utilities and waste management infrastructure (electricity, gas, drinking water, 

wastewater, telephone, data etc.) 

 Distance to the landfill and the planned incinerator for the high-calorific fraction 

 Distance to the next development, especially housing and any protected areas 

 Size and layout of the building plot. 

This study estimates the area required for the MBT plant and develops a rough surface layout. It does not 

take account of any special requirements or limitations relating to the aforementioned points. 

Infrastructural interfaces for which no specific local rules exist are located at the boundaries of the 

building plot. 
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This study assumes that trucks or compactors / trucks with press containers will be used to transport the 

solid output streams. 

 

7.5 Technical standards for the project 

Discharge limit values set by the local Pollution control board are considered for the discharge of 

contaminated wastewater. This study assumes that the wastewater is generated relatively consistently 

and, if necessary, discharged without restriction after treatment according to the limit values. On the 

other hand, surface water will not be generated all the time because of the nature of precipitation. A 

rainwater collection basin is planned to even out discharge volumes. It can also be used as a fire 

extinguishing water reservoir. 

There are no specific requirements for discharging exhaust air from the MBT plant into the environment 

in India. This study assumes that dust and odour emissions are to be limited in accordance with the state 

of the art and achieve the air pollution limit values set by the local Pollution control Board and protect 

the health of workers and population. 

This study presumes that solid waste generated by the MBT plant should be adequately stabilised and 

thus meet requirements in the range of EU criteria regarding i.e. gas formation potential and respiration 

activity. This study considers water content and loss on ignition to be the indicative parameters. The 

study also ensures that the landfill fraction meets any standards set by MSW Rules 2000, India. 

Any other legislations or statutory requirements for this project must be considered during further 

planning and implementation of the project. 
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8 Process selection and dimensioning of the waste treatment plant 

8.1 Chosen concept 

In chapter 0 mechanical biological waste treatment processes (MBT) were identified as the most feasible 

waste treatment option for waste from West Zone, Bangalore. Later in chapter 0 the pre-decision was 

made that only aerobic MBT processes will be considered for the waste treatment plant. Currently it is 

little known about the local market for output fractions from the MBT plant. Even less is known about 

the future development of these markets and about the change of waste properties. To be able to react 

to changing markets and waste properties, a very flexible concept of the MBT plant is the best option. 

This flexibility is achieved by choosing a plant design that allows the classic production of compost like 

output and secondary solid fuels as well as doing biological drying and converting nearly all of the waste 

in a secondary fuel. The required machinery is very similar and the plant is designed in a way that it can 

be easily switched between both operation modes or even a combination of both. 

The main difference lies in the operation mode of the biological treatment and a partly different 

sequence of the mechanical treatment aggregates. The following chapters describe the two operation 

modes separately as if there were two different MBT pants. 

 

8.2 Waste Collection Development and Impact on the modular development of the MBT 

Currently there is mixed waste collection in Bangalore. With the future implementation of a new waste 

collection system, increasing waste segregation is expected. This segregation affects the plant operation 

when it is run in compost production mode. In composting mode, the separately collected fractions are 

discharged on different heaps in the reception hall (flat bunker).  

Hazardous waste will be directly discharged in an appropriate container.  

Segregated wet (organic) waste will be accumulated daily as long (max. 1 day) as storage capacity is 

available. Then the plant is fed with the wet fraction only until the wet waste input heap is cleared. The 

fine output (<60mm) of the segregated wet waste mechanical processing will be put in a composting 

tunnel, that is only fed with segregated wet (organic waste). These tunnels have to be clearly marked to 

avoid mixing of compost from (comparatively clean) segregated wet waste and compost like material 

from mixed waste. The coarse fraction of this process (>60mm) will be put to the coarse fraction of the 

processing of the rest. 

The rest is mechanically processed in the time before and after the mechanical processing of segregated 

wet waste is done. This fraction can be either processed for and by biological drying or composting and 

separation of a coarse fraction. 

When the plant runs in full bio-drying operation (total waste input goes to bio-drying for solid fuel 

production), the segregated wet fraction can be mixed with the dry / mixed fraction, and segregation 

would not be required in this case. 
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8.3 Level of Automation 

There are four main reasons for automation of major parts of the process:  

 Workers health: Minimising contact between waste and workers 

 Public health: Automation facilitates emission control 

 Process efficiency: Increasing throughput (minimising retention time)  

 Reliable output quality: Automated process control especially in biological treatment and sorting 

of output fractions 

The waste will be fed in the process by a material handler. Moving the waste in the plant will be done by 

wheel loaders (biological treatment and reception hall) and conveyors (mechanical processing). All 

material separation steps are done mechanically (screen, wind sifters, magnetic metals separators, eddy 

current metal separators, optional sensor based optical sorting (NIR). Manual picking of waste 

components may only be done optionally for quality control and enhancement of output fractions. 

Moisture, temperature and aeration control of the biological treatment is computerised.  

 

8.4 Bio-drying Process 

The main objective of this process is to obtain a high quality secondary fuel such as RDF that can 

substitute primary fuels in industrial boilers, cement kilns, co-incineration plants, etc. Apart from RDF 

production, recyclables such as ferrous and non-ferrous metals, high quality plastics and contraries such 

as car batteries are separated during the operation. The treatment line is designed such that it is easy to 

switch to the composting operation if required. The overview of this process is shown in Figure 51. 

The waste delivered waste is transferred to the bunkers by the waste collection and transfer trucks. There 

it can be selectively discharged (on heaps) depending on the type of waste. The first step involves 

removal of large contraries such as large batteries (not common in the current waste) by spreading the 

waste using a wheel loader or a grab so that larger hazardous components and pollutants are removed 

before further processing. These contraries need to be sent to appropriate recycling or disposal facilities. 

The waste is then loaded to shredders which reduce the particle size to about 150 mm. Shredding is also 

important to cut the ropes and other similar materials which can entangle the machinery in the MBT. A 

separate bag opener might not be required since shredding will open up the bags. The shredded output is 

then passed through an over belt magnetic separator to remove ferrous metals. The recovered metals are 

stored in separate containers and can be directly sent to recycling. 

The waste is then fed into closed drying tunnels using wheel loaders where the waste is dried using 

exothermal heat from the intensive rotting of waste. The process typically takes about two weeks and 

the tunnels are operated to such that both composting and bio-drying processes can be accommodated. 

During this process, the organics are partially degraded. To remove fine mineral parts / inerts, etc. the 

output from bio-drying is passed through a (vibrating) screen of 20 mm screen diameter (in case of a one 

line plant this will be a graded 20 mm / 60 mm trommel screen like in compost operation).  

The fine fraction after biological drying can be further processed through composting or directly used for 

various purposes in landfill construction depending on its characteristics and on demand for the 

material. The particles greater than 20mm are passed through another magnetic ferrous metal separator 
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and afterwards through an eddy current separator which will extract the non-ferrous metals. The metals 

can be stored separately and directly sent for recycling.  

The remaining fraction is then passed through a three fraction separating wind sifter that will separate 

the light, medium and heavy particles. The heavy particles will mostly be minerals and can be sent for 

landfill or for reuse as construction material. The light and medium fractions (potentially secondary fuel) 

can optionally be separately processed through optical sorting for removal of high quality plastics (for 

recycling), wood and unwanted components like PVC.  

The optical sorting along with an additional quality control unit where negative sorting can be 

performed manually in an isolated cabin is optional and depends on many factors such as quality 

requirement by the RDF buyers, pollutant levels in this waste stream, cost of implementation, etc. 

Alternately, the recovered materials from the optical sorting process such as high quality plastics can be 

sent for recycling directly. 
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Figure 51: Process diagram for Bio-drying operation 
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8.5 Composting (rotting) process 

The main objective of this alternative is to separate the (fine) organic fraction of the waste from the 

remaining coarse fraction and produce compost and a secondary fuel. The quality of the compost should 

be applicable for agricultural purposes or at least for land reclamation purposes. The secondary fuel can 

substitute primary fuels in industrial boilers, cement kilns, co-incineration plants, etc. Apart from these 

main products, recyclables such as ferrous and non-ferrous metals, high quality plastics and contraries 

are separated during the process. The treatment line is designed such that it is easy to switch to the Bio-

drying operation if required. The overview of this process is shown in Figure 52. 

The delivered waste is transferred to the bunkers by the waste collection and transfer trucks. There it can 

be selectively discharged (on heaps) depending on the type of waste. The first step involves removal of 

large contraries such as large batteries (not common in the current waste) by spreading the waste using 

a wheel loader or a grab so that larger hazardous components and pollutants are removed before further 

processing. These contraries need to be sent to appropriate recycling or disposal facilities. The waste is 

then loaded to a shredder that reduces the particle size to about 150 mm. This homogenises the waste, 

creates fresh surfaces for the biological process and opens bags. Shredding is also important to cut the 

ropes and other similar materials which can entangle the machinery in the MBT. The latter is the main 

reason for installing a shredder in this case. Alternately, after the removal of contraries, waste can be 

processed through a bag opener instead of shredding. In further progress of the plant design it should be 

evaluated, whether the high amount of ropes (remains from garlands, a special property of Indian waste) 

requires shredding / such fine shredding or if shredding can be avoided and replaced by a cheaper bag 

opener.  

The output from the either of the above process is then passed through an over belt magnetic separator 

to remove ferrous metals. The recovered metals are stored in separate containers and can be directly sent 

to recycling. The waste is then processed through a screen of 60 mm size and the undersize and oversize 

particles are transferred to separate conveyors.  

The <60 mm fraction is loaded into tunnels using wheel loaders where the waste is composted for about 

4-6 weeks and the tunnels are built to such that both composting and bio-drying processes can be 

accommodated. During this process, the organics are degraded.  

The composting output is transported under a magnetic separator and then an eddy current separator 

(currently optional, decision made after detailed calculation of the mass balance) to remove ferrous and 

non-ferrous metals that can be separated for recycling. This fraction is then passed through a 3 fraction 

separating wind sifter that will separate the light, medium and heavy particles.  
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Figure 52: Process diagram for Composting operation 
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The heavy particles will mostly be minerals and can be sent for landfill or for reuse as construction 

material (i.e. for roads on landfills). The middle fraction will be further screened to produce fine compost 

(<4 mm), medium compost (4-20 mm) and coarse compost (20-60 mm). The decision for a 4 mm 

fraction is only based on Indian regulations. Such a fine fraction is not common in other countries and 

will cause problems in practical screen operation (closing of screen holes). Deviation from this screening 

diameter should be discussed with the authorities due to other purification measures in the concept 

(wind sifter). The different grades of compost can be used for different purposes such as in agriculture, 

forestry, land reclamation, etc. based on the quality and legislative requirements for its use. It can also 

be upgraded with additives for reaching the fertilizer quality. The light fraction from the wind sifter can 

be handed to the secondary fuel stream and optionally processed through an optical sorter or manual 

quality control as described in the bio-drying section.  

The waste fraction greater than 60 mm is transported through a magnetic separator and then an eddy 

current separator to remove ferrous and non-ferrous metals that can be separated for recycling. This 

fraction is then passed through a three fraction separating wind sifter that will separate the light, 

medium and heavy particles.  

These fractions can be then be separately processed through optical sorting for removal of high quality 

plastics (for recycling), wood and unwanted components like PVC. The optical sorting along with and 

additional quality control unit where negative sorting can be performed manually in an isolated cabin is 

optional and depends on many factors such as quality requirement by the RDF buyers, pollutant levels in 

this waste stream, cost of implementation, etc. Alternately, the recovered materials from the optical 

sorting process such as high quality plastics can be sent for recycling directly. The heavy fraction from 

the wind sifter can be sent to landfill if it’s mainly inert materials or minerals. 

 

8.6 Construction of the aerobic biological treatment 

8.6.1 Process options 

To reach best process efficiency and minimise emission, aerobic biological treatment will be done in 

closed tunnels / boxes. This can be either done in concrete tunnels or membrane covered tunnel-like 

construction. The system decision will be done after cost calculation. 

 

8.6.2 Tunnel processing 

This enclosed system permits comparatively accurate control of the biological process by measuring key 

parameters like temperature, humidity and oxygen levels in the exhaust air. Process conditions can be 

tailored exactly to the stage of decomposition as each tunnel contains material of the exact same age. 

The material is turned upon input and removal. The rotting time is short as the parameters can be easily 

controlled. Figure 53 shows a tunnel processing unit. 
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Figure 53: Composting tunnels with open doors 

Source: Wasteconsult International 

 

8.6.3 Membrane covered processing 

Semi-permeable membrane covers (for example GOREtex®) are a hybrid form of tunnel or in-vessel 

composting on the one hand, and covered windrow composting on the other. The semi-permeable 

membrane cover, which is water-resistant but also permeable to gas and steam, prevents water logging. 

The cover and the active aeration it provides should create process conditions under which odours, VOCs 

and other emissions are largely contained. 

 

 

Figure 54: Membrane tunnel system supplied by BioE 

Source: Wasteconsult International 
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Figure 55: Membrane cover system supplied by Convaero 

Source: Convaero 

 

Investigations published by BGK (2010) demonstrated that the level of emissions from membrane 

covered composting plants is equal or often lower than emissions from conventional biofilters. The BGK 

documented emissions based upon the installation's degree of encapsulation, as shown in Table 57. 

 

Table 57: Grouping into types of processes in BGK 2010 

Abbreviation Type of process variations 

V1 Enclosed composting 

V2 Partially enclosed composting 

V3 Composting under a semi-permeable membrane 

V4 Open-air composting of organic waste (biowaste bin) together with green waste 

V5 Open-air composting of green waste 

 

It is apparent that the variations within a single process are greater than the variations from one process 

to the next (BGK, 2010). The varying emission outputs are plotted in Figure 56 to Figure 61. 
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Figure 56: Average emission factors for ammonia (NH3) in g/t input material from composting 

Note: Processes as shown in Table 57 (BGK, 2010) 

 

 

Figure 57: Average emission factors for nitrous oxide (N2O) in g/t input material from composting 

Note: Processes as shown in Table 57 (BGK, 2010) 
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Figure 58: Average emission factors for total carbon (TOC) in g/t input material from composting 

Note: Processes as shown in Table 57 (BGK, 2010) 

 

 

Figure 59: Average emission factors for non-methane volatile organic compounds (NMVOC) in g/t input 

material from composting 

Note: Processes as shown in Table 57 (BGK, 2010) 
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Figure 60: Average emission factors for methane (CH4) in g/t input material from composting 

Note: Processes as shown in Table 57 (BGK, 2010) 

 

 

Figure 61: Average carbon dioxide equivalents (CO2-eq) in g/t input material from composting 

Note: Processes as shown in Table 57 (BGK, 2010) 

 

As MBT (mixed waste) and organic waste composting processes are very similar, it can be assumed that 

membrane covers also provide good conditions for the process and emission control of MBT processes. In 

fact, membrane covers are applied in several MBT plants (MBT prior to landfill) in Germany and other 

European countries. They are successfully applied also in a German MBT plant with biological drying. 
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However, the higher moisture content of Indian waste and the partly lower difference of the ambient 

temperature and the temperature in the windrow are more challenging to the membrane process (the 

temperature difference is required for water diffusion through the membrane). Currently, two large MSW 

biodrying plants (2,000 t/d) are operating in the Mediterranean area (Turkey and southern Italy), where 

temperatures are higher than in Germany.  

The main advantages and disadvantages of the membrane covered windrows are 

+  No (bio) filter required for exhaust air 

+ Less waste water 

+  Potentially lower costs for operation and construction 

-  Less durable (i.e. replacement of membranes) 

-  Longer treatment time due to due to lower air flow 

-  Higher demand of area due to longer treatment 

-  Higher risk of leakages 

Table 58 compares membrane covered windrows to tunnels. 

 

Table 58: Qualitative evaluation of membrane technologies compared to tunnels 

Topic Membrane technologies 

Area demand higher 

Duration of treatment longer 

Amount of wastewater less 

Other material streams no change 

Process stability less control, more dependent of weather conditions 

Staff requirements Equal or more 

Energy consumption no change or less 

Other operating resources  Higher (replacement of membranes) 

maintenance no change or less 

Investment and capital costs potentially less, but higher area demand  

Treatment costs, total costs MBT potentially less 

 

8.7 Exhaust gas treatment 

The facility will be enclosed to minimise odour emissions by capturing and purifying exhaust air. Exhaust 

air (technically exhaust gas) will be treated by a wet scrubber if required, and afterwards a biofilter. As 

much as possible air from the mechanical treatment will be used to aerate the biological treatment 

tunnels. In case of using the membrane technology, the exhaust gas from the biological treatment 

requires no treatment. The part of the exhaust gas from mechanical treatment, that is not used to feed 
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the biological treatment, requires dust removal, but a smaller biofilter to avoid odour emissions from 

waste discharge, bunkers and mechanical treatment would be still recommended. 

 

8.8 Waste water treatment, water balance 

Waste water from the process will be used to moisturise the waste in the biological processing. In 

general, the aerobic process requires water and loses water on the exhaust air path. Due to the high 

moisture content of the waste, a comparatively high air throughput will be applied. For intermediate 

storage, a process water buffer tank is considered.  

 

8.9 Plant dimensions 

The West Zone of Bangalore produces 267,000 t of waste annually. This could either be treated in a large 

two line facility, or in 2-3 smaller, decentralised units. The decentralised option will be more expensive in 

construction and operation, but may reduce costs and effort for collection (transfer) and transport. In 

this project, a 91,000 t/a unit is recommended for initial evaluations. That means that the total 

amount of money spent initially will be less. More important, it allows verifying assumptions and 

obtaining locally full scale operational experience, before spending money for the treatment of the total 

amount of waste. In opposite to a larger plant, setting up two process lines would be too expensive as 

there is machinery available that can cover this amount with just one line. The mode of the Plant 

(machine sequence and operation mode of the biological treatment) can be switched between rotting 

(composting) and biological drying. The MBT plant will separate the biological and mechanical processes 

in different halls, in order to optimize the aeration management, to maintain fire and safety standards 

and to keep the plant design flexible to changing framework conditions. 

 

8.10 Mass balance and properties of the output fractions 

8.10.1 Operation mode 

The MBT plant's design is based upon the following framework data: 

 Delivery volume: 91,000 t/a of municipal solid waste (Door-to-Door (D2D) collection, litter spots 

(LS) and street sweeping (SS), 50%:30%:20%) 

 Daily throughput: 249 t/d 

 Delivery time: 365 d/a, 16 h/d 

 Time of operation: 365 d/a, 14 h/d (2 shifts per day) 

 Maintenance during operation (if possible) or at night shift / end of day shift. 

 

8.10.2 Moisture in Bangalore waste 

The study is based upon a waste composition of Door-to-Door (D2D) collection, litter spots (LS) and 

street sweeping (SS) of 50%:30%:20%. The moisture contents shown in Table 53 would lead to an 

overall moisture content of round about 43 mass-% related to the wet matter. This low moisture content 

might be explained due to moisture loss (drying at warm air temperature) during the waste sorting 

process in the waste characterisation study. Based on our experience, the overall moisture content of 
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that kind of waste will be between 50 and 55% or even more. Hence, we did not use the moisture values 

from the waste characterisation study and set (increased) the expected moisture content to 50 %. 

The study estimates an average loss on ignition (oDM) of 37 % in relation to fresh mass. The level of 

inert material (mDM) averages 13 % (Figure 62). 

The relative high water content (compared to central European waste) requires a customised treatment 

concept for the MBT facility. The study takes this factor into account both from a technical and design 

standpoint. 

 

 

Figure 62: Moisture, Organic dry matter (oDM) and mineral dry matter (mDM) in Bangalore waste 

 

8.10.3 Calorific value in Bangalore waste 

The waste analyses reveal a net calorific value averaging 8.1 MJ/kg for waste composition of Door-to-

Door (D2D) collection, litter spots (LS) and street sweeping (SS) of 50%:30%:20%.  

 

8.10.4 Size distribution of Bangalore waste 

According to the process concept after removal of contraries pre-shredding of the delivered waste is 

presupposed. By this, the size distribution is shifted to a higher portion of small particles. As 

consequence the fraction < 60 mm from the first screening step (while composting operation) will 

be significantly higher than estimated based on the size distribution of the non-shredded waste. 

The data for the non-shredded waste lead to a portion < 60 mm of approx. 55 %. For the shredded waste 

a higher level of 65 to 70 % is assumed for mass balancing.  
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8.10.5 Mass balance and output qualities 

Material streams and mass balances were calculated for the two MBT operation concepts based on the 

waste composition (Figure 63 andTable 59):  

 

 

Figure 63: Calculated mass balances of MBT  

 

Table 59: Mass balance of MBT (output) 
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In the Bio-drying mode nearly 100 % of incoming waste passes through the drying process (2-3 weeks in 

tunnels) with a target water content of 20 % (average) after drying. In the Composting mode the 

treatment time is estimated to 4 weeks in tunnels (intensive rotting) and subsequent 4 weeks post-

rotting (maturation). Ca. 68 % of incoming waste (fine fraction < 60 mm) pass through the biological 

part of the composting process. The water content in the output of post-rotting averages ca. 30 %. 

It is assumed that generation of wastewater has to be avoided during regular plant operation. To fulfil 

this requirement, comparatively high amounts of air are needed in the biological process. 

When looking at the mass balance, special attention should be paid to how the high amounts of water in 

waste are handled. For this purpose mass flow according to the concepts for plant operation is estimated 

and examined in more details (Figure 64 and Figure 65). 
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Figure 64: Calculated mass flow for composting operation 
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Figure 65: Calculated mass flow for bio-drying operation 

 

The authors' own models for biological degradation, including air, water and heat balances, were drawn 

on to calculate the expected average breakdown of water content, loss on ignition (oDM) and inert 

materials (mDM) from incoming waste into the resulting material streams for the evaluated MBT 

techniques. Due to remaining uncertainties in waste composition and normal seasonal variations of 

waste characteristics estimated values are given as ranges (Table 60).  
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Table 60: Characterization of MBT-output 

Input/output streams Dry matter content 

[% of OM] 

Organic dry matter 

content 

[% of DM] 

Lower calorific value 

[MJ/t] 

Waste input 50,0 74,7 7,000-7,500 

Both operation concepts   

Contraries 55-65 70-80 10,000-13,000 

metals (ferrous and non-ferrous, 

incl. impurities) 

90-100 0-20 0-4,000 

Composting operation   

RDF middle 50-60 75-85 9,000-13,000 

RDF light 60-70 80-90 11,000-14,000 

Compost < 4 mm 65-75 40-50 4,500-6,500 

Compost 4-20 mm 60-70 60-70 5,500-7,500 

Compost 20-60 mm 70-80 60-70 7,500-9,500 

Solid residues (heavy fraction) 65-75 30-40 3,500-5,000 

Bio-drying operation   

RDF middle 75-85 75-85 13,000-17,000 

RDF light 80-90 80-90 16,000-20,000 

Fine fraction (dry) for 

composting 

70-80 50-60 6,000-8,000 

Solid residues (heavy fraction) 80-90 35-45 4,500-6,000 

 

It is especially noticeable that the RDF fractions from composting operation have a higher water content 

compared to bio-drying operation. This results in a higher proportion of mass and a lower calorific value. 
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8.10.6 Energy balance 

The annual calorific load is calculated at ca. 185,000 MWh/a assuming an average lower calorific value 

of ca. 7,300 MJ/t for incoming MSW. The following image shows how this breaks down into material 

streams for the MBT operation modes evaluated here (Figure 66): 

 

  

Figure 66: Calculated energy balances of MBT  

 

The estimated combinations of mass breakdown and energy content in the output streams lead to nearly 

identical energy breakdowns for Composting and Bio-Drying operations. The main difference between 

the operation modes is, that output fractions from bio-drying are drier compared to composting. Hence, 

total mass of RDF from bio-drying is significantly lower and calorific values are higher. 
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8.10.7 Biological treatment and wastewater 

The balance for bio-drying and for the first composting step (“intensive rotting”) is based upon an 

enclosed and completely encapsulated tunnel process with air recirculation. Any exhaust air from the 

process is collected by pipes and treated by air scrubbers and biofilters and then discharged to the 

atmosphere.  

Exhaust air from the process will be largely water-saturated and most of the water will leave the process 

as steam with the exhaust air. Transporting and treating exhaust air effects cooling of the air. However, 

cooling of exhaust air might generate some condensate, depending on weather conditions, amount of 

process air and water content of waste input. This condensate has to be collected in the process water 

system. Assuming high amounts of process air, during regular operation the collected water can be 

completely fed to the tunnel process again and no excess of process water has to be discharged or 

treated as wastewater. 

In addition, other techniques for bio-drying or composting allow exhaust air from the process to be 

released into the environment without treatment by virtue of membrane cover filtration (membrane 

techniques). However, if odour emissions have to be considered carefully, also for membrane techniques 

a housing and exhaust air capture and treatment might be necessary due to emissions during windrow 

turning. Depending on climate, at least a roof can be required for membrane processes for protection 

against rain for example.  

For composting operation a post-rotting process is necessary in addition to intensive rotting to produce 

mature compost. For post-rotting triangular windrows turned by a windrow turner (see above) are 

considered in a closed hall with exhaust air capture. Design of housing and air management for the post-

rotting process mainly depends on local requirements concerning odour emissions. Instead of a closed 

hall a roofed area without exhaust air capture also can be an adequate solution. Alternatively membrane 

technique can be used for post rotting, too.  

 

8.10.8 Exhaust air 

Fresh air is basically used to provide a healthy environment for the workers and to conduct heat and 

moisture out of the waste. In order to fulfil those functions, big amounts of air will be required. 

Therefore we calculate approx. 60,000 m
3
/h for reception, mechanical treatment and tunnel hall, and 

another 90,000 m
3
/h for post-rotting. 

Considering reutilization of not water saturated exhaust air from all waste treatment phases (reception, 

mechanical treatment and biological treatment) we expect air exchange-rates of up to 2 times per hour 

in reception, mechanical treatment and tunnel hall, and of 1.5 times per hour at post-rotting. Depending 

on operation intensity, air exchange-rates can be switched to a lower level in post-rotting and to a 

higher level in reception, mechanical treatment and tunnel hall. The exhaust air finally treated and 

released to the environment amounts to approx. 150,000 m
3
/h. Figure 67 pictures a basic concept of the 

air flow management in Bangalore. 
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Figure 67: Concept of exhaust air flow 
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8.11 Area and infrastructural demand 

8.11.1 Area demand 

The area demand for both concepts of MBT operation was estimated approximately based upon a rough 

design concept and key figures (Table 61). 

 

Table 61: Estimated area demand 

Area demand in m
2
 Composting 

operation 

Bio-drying 

operation 

comment 

Reception + Mechanical 

treatment I (MT I) 

1,800 1,800 Closed hall 

Intensive rotting or biological 

drying (tunnel process) 

5,700 5,700 Closed hall 

Post-rotting (triangular 

windrows) 

6,000 - Closed hall or roofed area;  

Post-rotting is not required 

for Bio-drying operation 

Mechanical treatment II (MT II) 

(incl. loading of output) 

3,000 3,000 Closed hall 

Exhaust air treatment 2,500 2,500 Paved area 

Auxiliary buildings 100 - 200 100 - 200 Control room, Repair shop, 

social rooms as required 

Sum Buildings 19,200 13,200  

Infrastructure, transport 14,500 12,100 Mainly paved area 

Total MBT 33,700 25,300  

 

The differences between the two options are essentially linked to the fact that composting operation 

requires additional space for post-rotting. The total area demand without post-rotting is identical, 

assuming that switching between both modes of operation shall be possible.  

The total area demand including infrastructural installations is estimated to ca. 34,000 m
2
 for 

composting operation and ca. 26,000 m
2
 for biological drying. Hence area needed for post-rotting can be 

estimated to ca. 8,000 m
2
. 

For the plant layout main and auxiliary buildings are arranged in one possible configuration (optimized 

for process flow and area demand). Areas for technical equipment that can be located outside are also 

considered and necessary ways and areas for container handling, transportation and parking are 

included. 

The configuration and footprints of buildings can be varied and presumably have to be varied during 

further planning steps according to local conditions and modifications in project tasks. The proposed 

plant layout is shown in Figure 68 to Figure 70.  
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Figure 68: Overview of the proposed plant layout MBT (incl. post-rotting / maturation) 
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Figure 69: Layout waste reception and mechanical treatment 
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Figure 70: Layout biological treatment 
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8.11.2 Infrastructural demand 

Table 62 below summarises the main requirements for MBT in terms of external infrastructure 

(interfaces). 

 

Table 62: Infrastructural demand / interfaces 

Interface Composting 

operation 

Bio-drying 

operation 

Comment 

Access to road, scales for trucks  X X  

Check for hazardous waste and 

separation (prior to entering MBT-

process) 

X X 

 

Power supply (MV) ca. 1.5 MW ca. 1.5 MW  

Cont. access to landfill capacity  ca. 5,300 t/y ca. 2,200 t/y  

Cont. access to incineration capacity 

(RDF) 
ca. 32,100 t/y ca. 25,200 t/y 

 

Incineration capacity for hazardous 

waste and contraries 
X X 

 

Cont. access to composting capacity - ca. 18,300 t/y 
For fine fraction from Bio-

drying (altern. landfill) 

Cont. access to compost utilization ca. 18,400 t/y -  

Discharge of rainwater  X X  

Discharge or treatment of wastewater (-) (-) 

Excess of process water 

may occur at unfav. 

operation conditions 

Diesel supply (filling station) X X  

Drinking water supply  X X  

Fire water supply  X X  

Access to public data/phone network  X X  

Emergency power supply  X X 
recommended for tunnel 

process 

 

Compared to composting the bio-drying process yields a lower mass of high-calorific material and a 

smaller quantity of residues to be landfilled (assuming that fine fraction from bio-drying can be placed in 

a composting plant). 

Post-rotting as part of composting operation includes a windrow turner and a wheel loader. Active 

aeration of the triangular windrows is normally not necessary subsequent to 4 weeks of intensive rotting. 

Hence the post-rotting process is planned without process aeration. Due to this, power consumption of 

post-rotting can be seen as nearly negligible.  

For both concepts an emergency power supply is recommended to operate crucial processes (aeration of 

tunnel process) in case of power breakdown. 
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8.12 Machine equipment 

The description of the main processes is given in previous chapters. Details of the proposed process 

equipment are shown in Table 63. 

 

Table 63: Main process equipment – Reception, MT I and MT II 

component location number Throughput 

Composting operation 

Throughput 

Bio-drying 

operation 

Grab excavator Reception 1 18 t/h 18 t/h 

Wheel loader Reception 1 18 t/h 18 t/h 

Pre-shredder Reception 1 18 t/h 18 t/h 

Box-feeder Reception 1 (reserve) (reserve) 

Magnetic separator MT I 1 18 t/h 18 t/h 

Drum screen MT I 1 18 t/h - 

Vibrating screen MT II 1 6 t/h 9 t/h 

Magnetic separators MT II 3 (2)* 6 t/h (each) 6 t/h (each) 

Eddy current separators MT II 2 (1)* 6 t/h (each) 6 t/h (each) 

Wind sifter MT II 2 (1)* 6 t/h (each) 6 t/h (each) 

Compost screen MT II 1 4 t/h -* 

Dust filter MT II 1 ca. 30,000 m
3
/h ca. 30,000 m

3
/h 

Ventilator (hall) MT II 1 ca. 60,000 m
3
/h ca. 60,000 m

3
/h 

*for bio-drying operation the compost-line is not in use 

 

Table 64: Main process equipment – Optional components MT II 

component location number Throughput 

Composting operation 

Throughput 

Bio-drying 

operation 

NIR-Sorter (optical sorting) MT II 2 5 t/h (each) 5 t/h (each) 

Manual sorting boxes MT II 2 3 t/h (each) 3 t/h (each) 

Fine shredder MT II 2 5 t/h (each) 5 t/h (each) 
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Table 65: Main process equipment – Intensive rotting/Bio-drying and post-rotting 

component location number 

Throughput 

Composting 

operation 

Throughput 

Bio-drying operation 

Tunnel-composting, tunnels 
Intensive rotting/ 

bio-drying 
18 

Treatment time: 4 

weeks; 

max. 450 m
3
 waste 

per tunnel 

Treatment time: 2-3 

weeks; 

max. 450 m
3
 waste 

per tunnel 

Tunnel-ventilators 
Intensive rotting/ 

bio-drying 
18 

max. 15,000 m
3
/h 

(each) 

max. 15,000 m
3
/h 

(each) 

Processwater storage 
Intensive rotting/ 

bio-drying 
1 Capacity: ca. 200 m

3
 Capacity: ca. 200 m

3
 

Wheel loader 
Intensive rotting/ 

bio-drying 
1 

Input: 12 t/h 

Turning: 20 t/h 

Output: 7 t/h 

Input: 18 t/h 

Turning: 15 t/h 

Output: 9 t/h 

Box-feeder 
Intensive rotting/ 

bio-drying 
1 7 t/h 9 t/h 

Ventilator (hall) 
Intensive rotting/ 

bio-drying 
1 ca. 60,000 m

3
/h ca. 60,000 m

3
/h 

Dust filter 
Intensive rotting/ 

bio-drying 
1 ca. 60,000 m

3
/h ca. 60,000 m

3
/h 

Post-rotting 

(8 triangular windrows) 
Post-rotting  

Treatment time: 4 

weeks; 

max. 550 m
3
 waste 

per windrow 

- 

Windrow turner Post-rotting 1 (max.) 4,000 m
3
/h - 

Wheel loader Post-rotting 1 
40 t/h (input + 

output) 
- 

Box-feeder Post-rotting 1 6 t/h - 

Ventilator (hall) Post-rotting 1 ca. 90,000 m
3
/h - 

 

Table 66: Main process equipment – Exhaust air treatment 

component location number 

Throughput 

Composting 

operation 

Throughput 

Bio-drying operation 

Acid scrubber 
Exhaust air 

treatment 
2 

ca. 75,000 m
3
/h 

(each) 

ca. 75,000 m
3
/h 

(each) 

Ventilator 
Exhaust air 

treatment 
2 

ca. 75,000 m
3
/h 

(each) 

ca. 75,000 m
3
/h 

(each) 

Biofilter 
Exhaust air 

treatment 
2 

ca. 75,000 m
3
/h 

(each) 

ca. 75,000 m
3
/h 

(each) 

 

Compared to bio-drying, composting operation needs some more equipment especially for post-rotting 

and for screening (MT I and II). 
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8.13 Costs 

8.13.1 Estimation of investment costs 

The estimated costs are net costs as EURO (€) without tax, including design, construction, 

commissioning, instruction, test operation, regular documentation and common warranties. 

Following costs are not included: 

 Costs for area 

 Costs for land development outside of the plant area 

 Costs for special foundation measures (due to abnormal ground quality or seismic risks) 

 Costs for waste incineration 

Remark to cost estimation 

The cost estimations are based on: 

 Executed projects of equivalent plants in Central Europe 

 Costs investigated in studies of central-European waste treatment plants 

 Reference facility information of suppliers 

 Costs for hall constructions approaching to Indian prices (2,000 Rs. per square feet or 287 €/m
2
 

respectively) 

With regard to the available information we increased the confidence of the estimated costs. However 

because of ongoing development of market and maybe regional differences there is still a significant 

uncertainty. Rising of material prices, increasing demand and limitation of suppliers capacities might 

cause exceptional rising of prices. 

 

8.13.2 Investment costs 

Preliminary estimation of investment costs includes buildings, machine technology, electrical equipment 

(power supply and automatic control system), vehicles for internal transport, outside facilities, costs for 

planning and commissioning by a general contractor (Table 67). Ancillary construction costs and costs of 

financing are not considered. 

The investment costs are calculated including a post-rotting step for composting operation and 

considering the option to switch between composting and bio-drying operation with very low effort. All 

technical equipment for both operation modes is included. Also included are the costs for the required 

building area for optional components in mechanical treatment (optical sorting, fine shredding, quality 

control). 

The additional machine and electrical equipment for the optional components is considered separately 

(see last line of Table 67). 
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Table 67: Investment costs MBT in Euro (composting operation) 

Investment costs [€] Machine 

equipment 

(normal 

strain) 

Machine 

equipment 

(high strain) 

Electrical 

equipment 

Buildings Vehicles 

Reception/Mechanical 

treatment 
2,738,000 347,000 463,000 1,541,000 576,000 

Tunnel process (intensive 

rotting or biological drying) 
1,708,000 - 275,000 4,641,000 157,000 

Post-rotting (only for 

Composting) 
386,000 - 39,000 1,260,000 473,000 

Exhaust air treatment 1,478,000 - 148,000 504,000 - 

Outside facilities 1,087,000 

Planning and 

commissioning (General 

contractor) 

664,000 

Total MBT 18,485,000 

thereof Post-rotting 2,158,000 

Additional investment 

costs for optional 

components 

1,839,000 

 

The total investment costs (w/o optional components) result in specific investment costs of ca. 203 €/t. 

This is at the lower end of comparable plants in Central Europe, mainly due to hall construction costs, 

which we have calculated approaching to Indian prices. Regarding machine technology, quality 

equipment is considered based on Central European price level. 

In principle it has to be stated, that delivery time and time of plant operation (7 days per week, 2 shifts) 

are comparatively long in relation to amount of incoming waste. Hence low treatment capacities and 

throughputs of machine equipment are needed in the present case. This leads to higher investment costs 

specific to throughput, because specific investment costs of machine equipment are higher for 

equipment with low throughput. Regarding total costs, a shorter time of plant operation combined with 

higher throughputs of machine equipment might save costs. 

 

8.13.3 Investment costs of membrane technique 

For Bio-drying operation, instead of 2-3 weeks biological treatment in tunnels, 4 weeks treatment with 

membrane technique can be an alternative. Due to expected odour emissions during windrow turning, 

housing is calculated for the required area for a concept with membrane technique (approx. 8,000 m
2
, 

rough estimation based on supplier data). Combined with investment costs for process technology, Bio-

drying by membrane technique might save 10 to 15 % of investment costs of total MBT in the present 

case. 

For Composting operation 9 weeks treatment with membrane technique and a required area of approx. 

12,000 m
2
 were specified by the supplier. Taking into consideration additional costs for housing total 

MBT investment might be up to 20 % lower compared to the conventional concept described above (4 

weeks of intensive rotting in tunnels + 4 weeks post-rotting using triangular windrows). It has to be 

mentioned, that membranes have to be replaced after a few years of operation. 
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However confidence in the estimated costs of membrane technique is not as high as for conventional 

techniques, due to lack of own data from realized membrane projects. 

 

8.13.4 Staff and operation resources 

Required staff 

For operation and maintenance of the MBT-plant several efforts have to be considered. Due to operation 

time (see above) for estimation of the required staff operation with 2 shifts at 7 days a week has to be 

taken into account. Normal working time in India is set to 5 days per week and 9 h/d. 

Replacement for holidays and illness is not considered in the following estimation. For MBT-plants in 

Central Europe replacement is calculated as additional 15 to 30 % of required staff. 

 

Table 68: Staff requirement 

function Composting 

operation 

Bio-drying 

operation 
comment 

Plant manager 1 1  

Shift manager 2 2  

Operators (mechanic, electrician etc.) 8 8  

Drivers 13 10  

Helpers 6 6  

Total 30 27 w/o replacement, w/o options 

Optional: Helpers for manual 

sorting/quality control 
6 6  

 

Operation resources and maintenance 

Electrical power and Diesel are the most important operation resources for the described MBT concept. 

Diesel and tap water consumption are significantly lower for bio-drying operation compared to 

composting operation. 

 

Table 69: operation resources (consumption) 

resource 

(specific values per t of waste 

input) 

Composting 

operation 
Bio-drying operation comment 

Power (electricity) ca. 45 kWh/t ca. 43 kWh/t  

Diesel ca. 2.0 l/t ca. 1.3 l/t vehicles 

Tap water (maybe rain water, 

if available) 
ca. 0.1 m

3
/t ca. 0.03 m

3
/t biological process 

Sulfuric acid ca. 0.003 m
3
/t ca. 0.003 m

3
/t exhaust air treatment 

Oil, grease etc. 0,02 kg/t 0,02 kg/t  

miscellaneous - - 
Add. 10 % of costs for 

operation resources 
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In German MBT-plants exhaust air treatment often includes RTO-technology (regenerative thermal 

oxidation) to reduce emissions according to legislation. In this case significant amounts of natural gas or 

biogas are needed as additional resource. For the present exhaust air treatment concept just using 

biofilter gas supply is not necessary. 

Costs for maintenance can be defined by specific values for installation. The factors depend on the kind 

of equipment, operation time and intensity of wear and tear. 

 

Table 70: specific values for maintenance (% p. a. of investment costs) 

equipment value 

Mechanical equipment normal strain 4-5 % p. a. 

Mechanical equipment high strain 8-10 % p. a. 

Electrical equipment 2.5-4 % p. a. 

Vehicles 10-15 % p. a. 

Buildings 1-1.5 % p. a. 

Outside facilities, infrastructure 0.5 % p. a. 

 

  



 

 

174 

9 Health and safety 

9.1 Introduction 

This chapter describes the health and safety requirements of the MBT system for the city of Bangalore 

and its equipment. It does not intent to be a full risk assessment; therefore that document has to be 

prepared separately during the project execution. 

These sections refer mostly to technical aspects that help in fulfilling the health and safety requirements. 

It also contains structural and technical specifications derived from the equipment’s safety requirements. 

Organizational aspects and safety obligations are mentioned if relevant. The operation manual should 

contain a complete description of them. 

The health and safety concept assumes that only qualified employees will be part of the operation. This 

concept follows international standards while accounting for Indian regulations.  

 

9.2 Risk Assessment 

Treatment of solid waste using MBT processes and the handling of different kind of residues including 

biological waste represents a potential risk to the health and safety of employees.  

The most important risks related to the operations are: 

 Health risks due to the potential exposure to airborne dust and bio-aerosols. During standard 

operations, the exposure is low; however during maintenance and cleaning it increases. This kind 

of exposure can arise mostly during reception of waste. 

 Health risk due to handling of hazardous waste and materials. 

 Risk of injuries in manual sorting or quality control cabins, due to the presence of sharp objects 

in waste 

 Exposure to electromagnetic fields 

 Accidents related to heavy doors and gates, uncovered mobile equipment parts and conveyors 

 Explosion risk due to the presence of dust  

 Pollution risk due to the use of water polluting substances i.e. Diesel  

 Accidents caused by traffic within the facilities  

 

9.3 Prevention measures 

9.3.1 Measures in the facilities  

9.3.1.1 General 

The facility should be built in a way that, risks are prevented and controlled as much as possible. The 

proper design and operation of the process minimizes the issues related to health and safety. For 

reducing and avoiding the risks mentioned in the previous section, the following actions are planned. 

 

9.3.1.2 Reception and storage 

In the reception gate, a radioactive radiation detector should be placed to reduce the risk of radioactive 

materials entering the facility / process and the final products.  
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The bunkers have to operate under the principle of First in- First Out, in order to prevent the occurrence 

of anaerobic processes in the waste on stock. For the unloading process of waste into the bunkers, a full 

guideline has to be prepared. This guideline should contain a description of the safe procedures and 

proper conduct.  

 

9.3.1.3 Ventilation and exhaust air system 

In all the buildings, a ventilation system should be installed. Depending on the conditions of each stage, 

the air exchange rate is defined. Table 71 shows common exchange rates in different sections of MBT 

plants. 

 

Table 71: Common air exchange rates for the ventilation system 

Location/Hall Air exchange rate per hour  

Reception  1.5 - 2 

Bunker Hall 1.5 - 2,5 

Sorting cabins 10 

Mechanical separation and sorting 1.5 - 3 

Stabilization, composting and loading hall 15 

Storage for secondary fuel 1.5 - 3 

 

Depending on detailed engineering, final construction and machinery details, these rates may vary in the 

final MBT plant. For the locations with a higher potential of air pollution i.e. Shredder or screens, a 

separated extraction unit is installed. The exhaust air coming from the equipment is not part of the 

exchange rates. A forced ventilation system working with fresh air should be installed in manual sorting 

cabins. This prevents the contact between employees and harmful substances. Both extraction and 

ventilation systems need to be constantly monitored; flowmeters and manometers are appropriate 

control instruments. In case of a failure, visual and acoustic indications should appear. An air treatment 

system should be installed for cleaning the polluted air coming from the extraction and ventilation unit 

in the facilities. This system can consist of a wet scrubber and a biofilter. In this section, emergency 

showers and eyewash station are mandatory due to the presence of corrosive / acidic substances. These 

stations have to be in accordance with the Indian standard IS 10592. 

 

9.3.1.4 Changing rooms 

In order to isolate the elements that have been in contact with the waste and potential polluted 

environment, a special room should be provided. The design should follow the concept of black-white 

system. 

The room should allow the employees to keep their street clothes separated from their work ones; these 

two sections must be connected through a lavatory. The lavatory should be equipped with showers, soap 

and hand disinfectant dispensers.  

Rooms with other purposes i.e. break or meeting rooms should be located before the changing room.  
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9.3.1.5 Equipment and machinery 

All the installed machines must have an identification number according to the regulation, as well as a 

quality certificate issued by the manufacturer.  

In addition all the installed machines should have an emergency stop switch. Once the switch is 

activated, the correspondent conveyors upstream are stopped along with the machine. Depending on the 

case, a specific emergency stop sequence should be activated. Especially for those machines with moving 

parts or elements which cannot be completely covered, the emergency stop switch must be located in 

easily accessible places.   

 

9.3.1.6 General measures  

Adequate and frequent lighting at all the work stations and paths should be guaranteed. All the 

platforms for both standard operation and maintenance activities must be designed and built such that 

they provide the safest possible environment. They should contain non-slip areas on their surface to 

prevent accidents. In order to access those, ladders and stairways must be planned accordingly. The 

design of platforms and working surfaces should follow the subpart D of the OSHA 1910 standard. 

Pits and all equipment underground should have enough protection and warning signs to avoid 

accidents. A vaccination scheme against tetanus and hepatitis A and B is highly recommended. 

Additionally, a good hygiene practices manual should be generated. Cleanliness is an important factor for 

health and safety in waste treatment facilities. Dust and dirt removal from machinery, stairs, ladders and 

floor is a daily task. 

 

9.3.2 Personal Protective Equipment (PPE) 

9.3.2.1 General 

The use of PPE is crucial for reducing the risks within the facilities; however it is a secondary measure 

that complements the design considerations and safety precautions. PPE is used as protection against 

risks that cannot be minimized by other means. Employee must be trained to use PPE. 

The PPE should fit perfectly to each employee. Otherwise it may be as risky as not wearing anything at 

all. 

 

9.3.2.2 Standard Operation Condition  

A standard PPE contains feet, ears eye, head, hands, and body protection. Safety boots with a steel toe 

cap are the appropriate footwear. Feet protection has to be worn at all time. For hearing protection, ear 

plugs or ear muff should be provided. They have to assure the noise levels permitted by the regulation 

(Standard OSHA 1926.52 and OSHA 3074 guideline). Frequent cleaning and change is suggested. This 

kind of PPE is highly recommended when working near to the shredder, conveyors, screens, wind sifters, 

composting halls etc. 

Goggles are the best option for eye protection. They should have enough impact resistance and can be 

adapted to prescription glasses. Eye protection has to be worn at all time. For protecting the head, an 

impact resistant helmet is advised. 
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In the case of hand protection, needle resistant gloves are mandatory especially in the manual sorting 

cabin, aiming to protect the employees from possible injuries caused by sharp objects. This kind of gloves 

is also suggested whenever waste is handled. In laboratory work and during sampling, nitrile gloves are 

appropriate. 

For body protection, as mentioned in the section 0, only work clothes are necessary. Extreme weather 

conditions (high temperatures) have to be taken onto account when selecting the clothes. High visibility 

clothes are recommended especially at night shifts and for traffic areas. The OSHA 3151-12R guideline 

contains all the information regarding to selection of PPE according to the existing standards.  

 

9.3.2.3 Additional PPE, special situations 

In case of special conditions in the facilities, an additional set of PPE should be available for the 

employees. As mentioned above, the main risk in the plant is under the presence of polluted air, 

therefore during cleaning and maintenance face masks are mandatory to worn. For emergencies and 

special situations, respiratory protection is needed. Simple filtering respirators are a good option. The air 

is filtered during inhalation thus the exposure to the pollutants is minimized. Depending on the device 

and the hazardous substances, the filters can be interchangeable and have to be replaced within a 

certain period. The OSHA 3079 guideline contains all the information related to selection of respiratory 

protection according to the existing standards.  

 

9.3.3 Information, instruction and training 

All the relevant health and safety information should be provided to the employees, so that they can 

comply with all the established procedures and measures. The associated documents have to be available 

every time for consultation. Safety signs have to be displayed in the locations where there is a risk for 

the employees. The marked risks are the ones that could not be controlled by prevention strategies and 

have to be dealt with. The safety signs should be in accordance with the standard IS 9457. As a 

complement of all the measures mentioned above, it is crucial to establish a training program for the 

employees. At least one information session should be organized every year. The training should also aim 

to promote a positive attitude towards the safety, and therefore safer work environment. 

A comprehensive list of topics has to be compiled taking into account the regulation and legal 

requirements. The appendix E of the OSHA 1910.120 standard gives a complete overview of a site-

specific training. 

 

9.3.4 Protection against external risks 

Around the facilities, adequate fencing should be built and it should have continuous surveillance. The 

establishment of a buffer zone in accordance to the correspondent regulations of the Indian Ministry of 

Environment and Forest must be considered. Additionally, a minimum distance to housing areas of 500m 

should be kept. In addition to the vehicles that belong to the company, only vehicles for charging and 

discharging of material should be allowed within the facilities. 
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9.4 Safety in the facility 

9.4.1 Instrumentation and control (I&C) protection measures  

To avoid the occurrence of dangerous operation states due to the failure of the regular I&C devices, a 

safety I&C system has to be implemented for the most risky equipment. The safety I&C system has to be 

highly reliable and safe. Two different strategies can be used for the implementation of the safety I&C; 

either a redundant wiring network or separated control system can be used. In case of an energy outage, 

the safety I&C system must go to safe operation states or must be connected to the emergency power 

supply. In case of a failure of any of the instruments, they should turn off and an alarm should be 

triggered. Frequent maintenance and verification is compulsory for all I&C devices; specialized personal 

has to conduct those actions. 

 

9.4.2 Emergency stop system 

An emergency system for the facilities should be planned. The main tasks of this system are to switch off 

all the necessary machines and turn on all the relevant alarms. The system should be initiated manually 

using emergency stop switches. These switches have to be placed in easily accessible locations i.e. 

emergency exits and exit routes. After initiation of the system, the responsible person has to be informed 

about the type and extent of the situation and at the same time, he/she has to establish a contingency 

plan and take measures to safeguard the employees. An emergency action plan should be generated in 

accordance with the requirements established in the OSHA 1910.38 standard. 

 

9.4.3 Emergency power supply 

In case of a power outage, the machines that must continue operation have to be connected to an 

auxiliary power source. The machines that are automatically able to go into a safe condition after an 

outage do not need to be connected to the auxiliary source. The auxiliary system consists of a UPS 

(Uninterruptible Power Supply), which is responsible for the energy supply of the control system and the 

small machinery. In addition to this, a standby generator i.e. Diesel generator must be available within 

the facilities. This system must allow a safe stop/shut down of the plant as well the alarm and safety 

systems to come into operation. In addition to that the signals for the exit routes, they should have 

illumination signs powered by batteries. When an outage occurs, an indication (visual or acoustic) must 

be given along with a notification of the incident. 

 

9.4.4 Other measures 

Due to the risk of ejection of particles from the shredder, it is not allowed to stay close to this area 

during operation, without a plausible reason. In case of visitors, all the pertinent safety measurements 

have to be presented to them before entering to the plant, additionally the appropriate PPE have to be 

provided (helmet and googles). During the visit, the visitors should not be allowed to go anywhere in the 

plant without supervision.  
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9.5 Explosion protection 

The explosion risk due to the presence of dust is the highest in the air treatment process; especially in 

the dust filtration stage. 

The ATEX (atmospheres explosives) directive 94/9/EC suggests the delimitation of different zones 

depending on the frequency and probability of occurrence of an explosion event. The directive specifies 

the appropriate electrical equipment that has to be installed depending on the zone. Table 72 shows the 

zones and their description. 

 

Table 72: Zone classification according to the EU directive 94/9/EC 

Zone Type of danger Description Equipment 

Group  

Equipment 

Category  

20 Constant Permanent occurrence of dust  II 1 

21 Potential Intermittent occurrence of 

dust 

II 2 

22 Minor  Unlikely occurrence of dust or 

for short periods  

II 3 

 

The Indian PESO (Petroleum and Explosives Safety Organization) approves the ATEX scheme for the 

selection of equipment to be installed within hazardous areas. The input of raw gas to the filter is 

classified in the zone 20, the dust conveyors in the zone 21 and an area of 1 m from the dust conveyors 

in the zone 22. As a complementary measure, the discharge of the dust has to guarantee that all the 

dust remains within the delimited zone. For the construction and further design considerations, the dust 

explosion class St 1 applies. In all the locations where an explosion risks exists, naked light units and 

sparks and activities that may evocate them are forbidden. Moreover sufficient signs must be placed in 

the entrances in order to warn about restrictions and explosion risks. Walls, doors and gates that delimit 

the zones with explosion risks, have to be gas and fire proof; the doors and gates should have a self-

closing system. 

 

9.6 Fire protection 

The facilities have to be built in accordance with the part 4 of the national building code of India IS SP7. 

Surveillance with fire detecting cameras is required, especially in bunker, mechanical treatment and 

secondary fuel storage area. The Subpart L of the OSHA 1910 standard contains all the legal 

requirements related to fire suppression, detection and protection. Fire extinguishing installations and 

measures are not subject of this study and have to be covered in later, more detailed design steps. 

 

9.7 Electrical grounding and lightning protection 

The facilities should be electrically grounded in accordance to the Indian standard IS 3043. The facilities 

should have a lightning protection system in accordance to the Indian standard IS 2309  
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9.8 Handling of corrosive substances 

As part of the air treatment system, an acid scrubber might be installed. Its operation requires the use of 

acid and corrosives substances. The acid substances should be stored in double shell containers. The 

scrubber should be surrounded by a retention dyke with no drainage; the size of the retention dyke 

should be enough to contain the whole amount of washing water coming from the scrubber. Both 

pipelines and equipment have to be made of chemical corrosion resistant material. All the pipelines that 

transport corrosive or acid substances should have the least possible amount of flanges. There should be 

a filling station adequate for the reception of acids and it has to be located outside the air treatment 

hall in a separated place with a corrosion resistant floor and a pump sump. The pump sump will be used 

as retention dyke for possible leaks; the pumped effluent coming out of the sump should not be 

connected to the sewer. If necessary, the sump has to be emptied before the filling starts, thus the 

retention volume will be guaranteed.  This area should support heavy traffic. The storage tank will be 

filled from a tanker using a pump that is considered as an accessory of the tanker. Other substances such 

as diesel and lubricants have to be stored at a distance from the corrosive substances. The storage and 

handling of substances have to account for the Indian code of safety and depending on the specific 

material appropriate guidelines has to be referred. 
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Recommendations for the Development, Structure and Implementation of Municipal Solid Waste 

Management Statutes for Indian Municipalities, in particular the City of Bangalore 

This document strives to support the development process of Statutes for the Management and Handling 

of Municipal Solid Waste (MSW) for Indian Municipalities, in particular the City of Bangalore. Based on 

the existing national and local legal framework for waste management in India, statutes guide the 

implementation of the legal requirements to the municipal level. Within statutes tasks and activities of 

MSW management are defined as well as the respective responsibilities and the level of service standard.  

An unambiguous list of responsibilities, obligations and tasks for waste generators, holders, carriers, 

system operators and stake holders provides a legal basis for the municipal waste management system. 

Hence, the provision of every listed service or duty may be claimed by law in order to avoid the 

respective penalty. Hereby waste generator, holders, carriers and system operators become accountable 

for their services and duties. 

This document lists the key elements of a Municipal Waste Management Statute and issues 

recommendations for their implementation. However, this document does not claim to be exhaustive, nor 

does it demand strict compliance with the recommended Statute. It reflects the minimum of required 

municipal regulation as per the assessment of the Institute of Sanitary Engineering and Waste 

Management (ISAH), Leibniz Universität Hannover, Germany, 2016. It may be extended and altered 

according to the local requirements.  
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§ 1 Aim of the Statute 

1) The Waste Management Statute (in the following labelled as WMS) aims to determine 

exhaustively the responsibilities and tasks of a municipal waste management system. The main 

objective is to describe all parts involved in the system, their rights and obligations. At the same 

time definitions for waste, classifications and disposal are included.  

2) The main objective of the WMS is to ensure the prevention or the safe and environmental sound 

removal of municipal solid waste. 

3) The WMS shall organize, enable and promote waste 

a. Prevention 

b. Reduction 

c. Reuse 

d. Recycling 

e. Recovery 

f. Treatment 

g. Disposal 

in accordance with the present Solid Waste Management Rules (SWM Rules 2016, Number 

3., Point 57), as well as waste 

h. Collection & transport 

i. Management activities (others) 

 

4) WMS may include environmental standards and additional limit values for the municipalities, 

which intensify the requirements of the existing Indian national and local laws. 

5) WMS shall determine the type of 

 available waste collection, collection containers, vehicle and container sizes,  

 segregation (if not determined in national law),  

 material recovery, treatment and disposal,  

 fee structure and guidelines for exceptional cases. 

6) Through WMS the responsibilities of the pollution prevention and control unit / health and 

sanitation department of the municipality are defined, to ensure compliance with national 

environmental standards and prevent any risks to the general public. 

 

§ 2 Legal Basis 

1) WMS is an addition to the existing national and local legal framework. Hence, the WMS shall be 

in accordance to the national regulatory framework, which comprise the present rules as 

follows: 

 Solid Waste Management Rules, 2016;  

 Plastic Waste Management Rules, 2016 

 Draft BIS Municipal Solid Waste Compost, Manure Grade – Specification;  

 Bio-Medical Waste Management Rules, 2016;  

 e-Waste (Management) Rules, 2016;  

 Batteries (Management and Handling) Rules, 2001  

 Hazardous and Other Wastes (Management and Transboundary Movement) Rules, 2016 
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additionally, the WMS shall be in accordance with other relevant legislation for solid 

waste management, as i.e. 

 

 The Air (Prevention and Control of Pollution) Act 1981, amended 1987 

 The Air (Prevention and Control of Pollution) Rules, 1982 

 Notifications on Air Quality, i.e. Ambient Air Quality Standard for Ammonia (NH3) 

 

2) WMS is an additional regulatory document which strives to coordinate the implementation 

process of the national legal framework on a municipal level and ensures their compliance. 

3) The WMS does not interfere with superordinate national, regional or municipal legislation. 

However, the WMS may define stricter standards to promote higher environmental protection 

and public health. 

4) The WMS is usually adopted by the municipal authority / council and therefore limited to the 

respective municipal boundaries.  

5)  The WMS declares the distribution of tasks and allocation of responsibilities agreed by contract 

between public and private partners with respect to the national regulatory framework on Solid 

Waste Management.  

 

§ 3 Definitions 

1) WMS follows the definitions for solid waste management provided in the present Solid Waste 

Management Rules (SWM Rules 2016, Number 3). If supplementary definitions appear to be 

required, they may be stated in the first chapter of the Statute. Supplementary definitions may 

be necessary to intensify the existing regulatory standards and to promote a higher level of 

environmental and public health (see Example 1). Additional definitions may also clarify 

ambiguous definitions of the existing legislation to avoid loopholes and confusion regarding the 

responsibilities (see Example 1). 
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2) Furthermore, all definitions must be precise, transparent and comprehensible as well as avoid 

any ambiguous statements (see Example 2). 

 

Example 1 

The Solid Waste Management Rules 2016 list definitions of all key aspects of waste 

management. However, an important question remains rather unacknowledged:  

What is the definition of “waste”? When and by which processes do objects with a certain 

value become “waste”?  

 

The concepts of the subjective and objective waste terms have to be mentioned here. 

 

1) A waste generator stores hazardous chemical wastes on his premises. Objectively, it would be defined as 

“waste” as it poses a significant threat to the public health. However, the waste generator states that he 

may need the substances at a later stage and therefore does not define it subjectively as “waste”. Hence, 

the person will not give the chemical wastes for disposal.  

2) A waste generator stores materials with a subjective value for him on his premises. However, objectively 

this waste has previously been disposed by other persons and has no value. It is defined as “waste” after 

an objective evaluation. The waste generator nevertheless points out the specific value of the waste for 

him and continues with the storage. 

 

These two examples demonstrate the importance of a proper and unambiguous definition of 

each objective, task and term. Without unequivocal definitions, every waste generator i.e. 

would be able to store their waste on their premises as long as they do not define it as waste. 

The WMS may be used as an additional instrument to avoid these loopholes on the municipal 

level.  

The German Circular Economy Act (KrWG), 2012, defines “waste” according to Section 3, (1)-

(4) as follows: 

 

(1) (…) waste shall mean all substances or objects which the holder discards, or intends or is required to discard. 

Waste for recovery shall be deemed waste that is recovered; waste that is not recovered shall be deemed waste for 

disposal. 

(2) Discarding within the meaning of subsection (1) shall be presumed when the holder presents substances or 

objects for recovering within the meaning of Annex 2, or for disposal within the meaning of Annex 1, or when the 

holder gives up actual physical control over the property and it no longer serves any purpose. 

(3) A desire to discard waste within the meaning of subsection (1) must be assumed for any substances or objects 

1. occurring in connection with energy conversion, or with production, treatment or use of substances or 

products, or of services without such occurrence being the purpose of the relevant actions, or 

2. whose original purpose ceases to exist, or is renounced, without being directly replaced by a new purpose. 

The producer’s (waste generator’s) or holder’s opinion is to be used as a basis for evaluating the purpose by 

applying generally-accepted standards. 

(4) The holder must discard substances or objects within the meaning of subsection (1) when these are no longer 

used in keeping with their original purpose, and when, due to their specific state, they could endanger, either in 

the present or the future, the public interest, especially the environment, and when its potential danger can be 

ruled out only through proper and safe recovery, or disposal that is compatible with the public interest (…). 
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§ 4 Waste Hierarchy 

1) The WMS serve to support and promote waste management according to the waste hierarchy of 

the present SWM Rules 2016: 

a. Prevention 

b. Reduction 

c. Reuse 

d. Recycling 

e. Recovery 

f. Treatment 

g. Disposal 

2) However, while following the waste hierarchy, aspects of sustainability and precaution have to 

be considered in the WMS. Impacts on environment and public health along the entire life cycle 

of an intermediate or end product, energy consumption for treatment, economic feasibility and 

local social aspects have to be balanced while developing a waste management strategy on a 

municipal level. This means that i.e. for specific waste streams recycling may not always be 

better than recovery (considering all aspects of sustainability). 

  

Example 2 

In the current Indian national legislation on waste management it is possible to find partly 

non-measureable definitions. As an example, the Solid Waste Management Rules 2016, 

demand that 

 

“Necessary precaution shall be taken to minimize nuisance of odor, flies, rodents, bird menace and fire hazard” 

(SWM Rules 2016, Schedule II, A., (a)). 

 

At present no definition nor measurement units are defined to quantify “necessary 

precautions” or in particular odor, flies, rodents, bird menace fire hazards. The word 

“necessary” is therefore a subjective evaluation and allows room for individual interpretation. 

Whereas for some planners a simple shed for a waste composting plant appears to meet the 

required “necessary precautions” in order to prevent odor emissions, a local resident may have 

a different interpretation.  

Additionally, plant operators cannot be held liable for infringement if certain levels of odor 

emissions are exceed, as the subjective wording does not allow an objective evaluation. 

As a result, every definition and statement must be comparable, measureable, and 

comprehensible. For this example, an additional paragraph in the statues may clarify the given 

statement of the SWM Rules 2016, like “Odor emissions have to be limited to 300 Odor Units 

/ m³ or 300 mg TOC / m³ “. A reference to a subordinate standard for a specific technical issue 

may also be suitable. 
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§ 5 Parties 

1) The WMS shall define unambiguously the involved party (or parties) which are responsible for 

each required task of the municipal waste management system. Involved parties may be a 

public or private partner or a public-private-partnership.  

2) Each tasks and subtask is clearly assigned to one responsible party for the respective 

contracting period and stated in a publicly available document. Individual or combined 

contracts with parties are possible for the collection, transport, treatment, storage and disposal 

of each waste stream (see Fehler! Verweisquelle konnte nicht gefunden werden.) as well as 

the documentation and control.  

3) For each task a specific service standard has to be developed and defined (see § 14). 

 

The involvement of multiple parties (which sometimes show financial benefits) may also result in 

errors at the interfaces between two parties. One general party for multiple tasks is usually more 

capable of an adequate interface management between systems. The involvement of only few 

parties may pose certain benefits through synergy effects. It can also facilitate the communication 

process between the respective public authority and the waste management corporator (one point 

of contact for several tasks). Additionally, in case of any law infringement it is easier to identify 

and fine the guilty parties.  

 

Therefore, the WMS determines the number of individual parties involved in the waste 

management system. 

 

4) Due to technical and operational reasons, each party may refuse to accept waste if the waste 

quality and level of segregation is not in line with the requirements of the current SWM Rules 

2016. However, if the party rejects waste it has to be ensured this waste is not disposed 

illegally. Here a legally specified documentation as well as an extra penalty fee may be 

expedient which the waste generators, holders or carriers have to pay for the exceptional 

disposal. 

 

§ 6 Facilities 

1) The WMS unambiguously lists all private and public facilities, which serve the management, 

handling, collection, storage, transport, treatment, disposal and other core activities of 

municipal waste.  

2) Each waste stream / fraction / category is clearly assigned to the listed facilities for the 

respective contracting period. The assignment of waste types to specific treatment facilities 

follows the principle of the waste hierarchy.  

3) The WMS determines service standards for the involved facilities, which are mandatory for both 

public and private operators. 

4) In case a private delivery of waste to a waste facility is intended (i.e. decentral waste delivery 

points), the WMS shall refer to information on the opening hours, disposal fees, accepted waste 

streams and their respective qualities as well as minimal / maximum amounts of delivered 

goods.  

5) If special waste has to be handled (varnish, paint, batteries, etc.), the WMS shall refer to the 

respective facility and treatment standard. 
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§ 7 Classification and documentation of Waste 

Each type of waste shows individual chemical, biological and physical properties. The level of 

pollution, contained hazardous substances and homogeneity varies strongly across the generated 

wastes. Hence, a municipal waste management system has to account for individual characteristics 

of waste by providing material specific collection, treatment and disposal systems. The Indian 

national legislation has included the differences of waste in the current Waste Management Rules 

of 2016. It defines material specific rules for Solid Waste, Plastic Waste, E-Waste, Bio-Medical 

Waste, Construction and Demolition Waste as well as Hazardous Waste. Within the material specific 

Waste Management Rules, waste types are further determined into sub-categories according to 

their overall properties. The current SWM Rules 2016 distinguish Solid Waste into biodegradable 

waste, non-biodegradable waste and domestic hazardous waste. For each, an individual collection 

and treatment is defined. 

1) In the WMS waste categories and subcategories are defined with direct reference to the waste 

management system. Depending on the operated facilities these definition may exceed but 

cannot undercut the national legislation.  

2) In the WMS specific service and treatment standard are defined for each subcategory. This is to 

ensure an environmental sound waste handling through certification. 

As a result, public and private waste management operators can get evaluated and certified for 

specific waste (sub)-categories. Furthermore, treatment and disposal facilities may get certified 

for the management of certain waste (sub)-categories. The certification process may be based 

on the capability of an entity to achieve the required service standards. 

A comprehensible and transparent system of waste categories improves the compliance with 

national and local regulations and the monitoring of public and private contractors. 

Furthermore, it ensures a proper operation of waste treatment facilities as treatment plants can 

be designed based on the specific characteristics of the assigned waste category. 

Waste categories may be defined according to the type of waste generator (i.e. agricultural 

waste, chemical industry, municipal waste), waste streams which can be collected separately 

(i.e. street sweeping, household waste), similar physical (i.e. calorific value, grain size), biological 

(i.e. biodegradability, level of stabilization) or chemical (i.e. heavy metal content, chlorine 

content) properties and others.  

3) In WMS it is determined detailed quality levels and characteristics for each category and 

subcategory.  

If a waste treatment facility is i.e. certified and designed to accept and treat organic waste with 

a determined quality, but receives mixed waste, the desired output quality will be reduced and 

damage to the treatment aggregates may occur.  

The classification system serves as an implementation tool of national and local regulations in 

each municipality. Additionally, if several municipalities agree on mutual standards for waste 

categories and their properties, an exchange of waste categories (i.e. in case of unused 

treatment capacities or in order to benefit from synergy effects) will be facilitated. Example 3 

visualizes the design of a waste classification system. 
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4) In WMS is determined the documentation for each category and subcategory with respect to 

quantity in mass (kg) and volume (m³) delivered, carried, operated, treated and disposed.  

 

 

§ 8 Accepted Waste Types / Characteristics 

1) The WMS defines the amount of waste which is accepted per time and household within the 

regular collection interval in mass (kg per Inhabitant and day) and volume (m³ per Inhabitant 

and day).  

2) To increase recycling and recovery, in WMS certain waste streams from the regular public waste 

collection can be exclude, if private operators are able to offer a more sustainable collection and 

treatment service. However, each operator has to be certified according to the required quality 

levels.  

Example 3 

The European Union has passed a law on waste classification to ensure uniform European 

standards in terms of waste categories. The European Waste Catalogue distinguishes waste 

into two sub-levels according to the type of waste generation, type of collection and type of 

waste material. In Europe, all waste treatment and disposal facilities as well as private and 

public contractors are certified according to their capability of handling a specific waste 

category in line with the respective standard. A numbering system for each category shall 

simplify the identification and recording process of the waste categories. The example given 

below shows an extract of the European Waste Catalogue (EWC, 2002). 

 

Main Categories 

01  Wastes resulting from exploration, mining, quarrying, physical and chemical treatment of 

minerals 

02  Wastes from agriculture, horticulture, aquaculture, forestry, hunting and fishing, food 

preparation and processing 

… 

17  Construction and demolition wastes (including excavated soil from contaminated sites) 

18  Wastes from human or animal health care and/or related research (except kitchen and 

restaurant wastes not arising from immediate health care) 

19  Wastes from waste management facilities, off-site waste water treatment plants and the 

preparation of water intended for human consumption and water for industrial use 

20  Municipal wastes (household waste and similar commercial, industrial and institutional wastes) 

including separately collected fractions 

20 01   separately collected fractions  

20 01 01   paper and cardboard 

20 01 02   glass 

20 01 08   biodegradable kitchen and canteen waste 

20 01 10   clothes 

… 

20 03   other municipal wastes 

20 03 01   mixed municipal waste 

20 03 02   waste from markets 

20 03 03   street-cleaning residues 
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3) In the WMS has to be listed in detail the characteristics and requirements of the collected 

waste streams, as well as the determined alternative disposal method.  

All waste generators must be able to access and understand the requirements of the system. The 

operators of the waste collection and treatment facilities may refuse to accept the wastes if it 

does not meet the requirements of the respective waste (sub)category (see Fehler! 

Verweisquelle konnte nicht gefunden werden.). 

4) In the WMS collection and treatment costs for the waste generator are declared with respect to 

the quality of a waste. If determined limit value are exceed, it will be re-labelled according to 

the respective criteria of the classification system..  

5) In WMS are determined the method for the disposal of bulky material, which cannot be 

collected with the regular collection vehicle (i.e. old furniture), as well as for large amounts of 

waste, which would fill the entire collection vehicle at once (i.e. waste of large functions) or 

damage the aggregates (i.e. construction and demolition waste). 

 

 

§ 9 Ensuring Waste Quality 

1) The WMS may determine fines for waste generators if the requested quality for the collected 

waste category is not achieved, but is nevertheless disposed in the same collection system (see 

Example 4).  

2) The WMS has to determine limit values and a tolerance range within which the waste will still 

be collected. Based on these tolerance ranges, a fine system may be designed. 

3) The WMS may also select a method of random waste sampling to monitor the quality of the 

generated waste and reduce the anonymity of the waste collection system (in particular at 

drop-off points). A random monitoring has to be conducted without informing the waste 

generators in advance to avoid biased disposal behaviour. 

4) The WMS may determine the procedure of the sampling process and the frequency of the tests. 

By this, the existence of these test as well as the corresponding fines are published openly, 

which may have a direct psychological effect on waste generators to comply with the 

requirements. 

However, if a collection operator neglects his obligation to monitor the waste quality, he is liable 

for exceptional waste disposal costs if the waste does not meet the standards of the downstream 

waste treatment plant. As a result, each party in the waste management chain is encouraged to 

ensure an adequate monitoring of the waste quality. 

5) In case of disputes, the WMS may empower the municipality to oblige the waste generator to 

store the waste on his premises to avoid any damage to the public until a final decision is made. 

6) In the WMS it shall be defined in which time periods waste analysis will be elaborated to ensure 

the adaption of the waste treatment facilities to the changing waste quality and quantity. 

7) In the WMS it shall be determined when and in which interval the waste management plan has 

to be renewed.  
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§ 10 Right to Connection 

1) the WMS shall include a general right to connect each household, premise, building, land owner, 

commercial entity or other waste generators to the public waste management system in order 

to avoid illegal littering and waste dumping,  

The connection right enforces the regular waste collectors to accept wastes from all waste 

generators, as long as the respective quality criteria are maintained (see § 9). Hence, waste 

collection operators are not entitled to refuse the acceptance of waste.  

The waste generator has the right to demand the collection of his waste. If the waste collection 

operator missed the collection of i.e. one street, the residents can demand the exceptional 

collection of their waste on the costs of the waste collection operator. This economic incentive 

may encourage the waste collection operators to ensure a full coverage of the collection area 

and to publish collection intervals and timings in a transparent and comprehensible way to the 

general public. Additionally, it may incentivise the establishment of a quality management 

system.  

2) However, if a collection service is scheduled at a specific time / date and the waste 

generator misses to provide his waste, he may not be able to claim the extraordinary 

collection service on the operator’s costs.  

3) If the waste collection or treatment is disrupted by force majeure, national holidays, 

necessary activities for the system operation or other unforeseen influences, the waste 

management operator may not be liable for compensation. However, the operator has to 

ensure to make up leeway as soon as possible. 

  

Example 4 

The aim of a monitoring and fining system is to ensure the compliance of the waste 

generators. The success of a waste management system strongly depends on the participation 

of the waste generators. The more heterogeneous and polluted a waste is, the more difficult 

and expensive is its collection and treatment. If waste generators produce hazardous or mixed 

waste, the level of required costs and efforts for collection and treatment is increased.  

 

Experiences of Europe show that if these additional costs are transferred to the waste generator, individuals might 

be tempted to dispose their waste in the regular collection system in order to safe costs. This effect may be 

intensified due to the anonymity of the system. To avoid negative impacts on human health and environment 

resulting of an unsuitable waste quality, a monitoring system shall ensure the compliance of the waste generators. 

In Germany waste collection operators occasionally control the content of private household waste bins by sight 

during the collection process. If the contained waste obviously does not match the requirements of the respective 

waste stream (i.e. a noticeable high organic content in the recycling bin), the collection operator is authorized to 

refuse the acceptance of the waste. In that case, the property owner can either segregated the waste manually or 

pay an additional fee for the exceptional waste collection and treatment. 
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§ 11 Obligation to Connection 

In the WMS is recommended to include a connection obligation, to prevent uncertified and 

inadequate waste collection and treatment activities as well as illegal littering of waste 

This obligation to give generated waste to the public waste management system, hence to the 

assigned and certified waste collection operator, shall be binding for all waste generators, as 

long as they are not able to treat the waste on their own and in line with the respective 

standards (i.e. backyard composting). For specific waste categories (i.e. hazardous) waste 

generators shall be obliged to give the waste in any case to the public collection system in order 

to prevent any risks to general public. These legislation may be simplified by utilizing a waste 

classification system (see Fehler! Verweisquelle konnte nicht gefunden werden.). This 

obligation shall also be mandatory for waste generators which are not proprietor or tenant of 

the respective premises.  

Waste generators may not be able to select between different collection operators. Waste 

management is a large infrastructural service. It requires long-term investments for setting up 

the collection and treatment infrastructure (i.e. sanitary landfill). Therefore, a specific waste 

input has to be maintained during the calculation period. Direct competition in waste collection 

and treatment may lead to increasing service fees, as required capacities of the treatment plants 

will not be achieved.  

 

§ 12 Obligation to notify 

In the WMS shall be clarified that all waste generators are obliged to notify the waste management 

operator 

1) about the type of property utilization and the number of households and persons.  

2) about the nature, amount and origin of the waste.  

3) in case of any major changes in the utilization of the property, the number of persons, the 

nature, amount or origin of the waste. 

 

§ 13 Transfer of Ownership 

1) In the WSM it shall be determined that the ownership of the waste will be transferred to the 

waste management operator at the time of waste collection in order to avoid legal disputes. 

This includes any valuable materials or lost items. Unauthorized persons may not be allowed to 

search the waste during or after collection or enter any facility of waste management, excluding 

explicitly marked areas. 

2) With §13 No. 1 any claim of ownership for the waste from the waste generator vanishes with its 

transfer to the collection system. 

 

§ 14 Collection Method 

1) The WMS may determine the method of collection within the boundaries of the municipality. 

The advantage of selecting one method for the entire municipality is that all facilities and 

aggregates can be adapted to the requirements of the collection method. This reduces time, 

effort and costs. The WMS may select i.e. a specific design for the collection bins, which can be 

lifted by all vehicles in the collection area.  
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2) The WMS determines the collection frequency and timings for each waste stream. The specific 

timings for each collection area may be published in a separate document in order to reduce the 

scope of the WMS document. 

The municipality has to ensure the waste collection by estimating the collected waste streams. 

According to ISAH (2015), a waste generation in kg per capita and day of 0.519 for low density 

areas1, 0.435 for medium density areas2 and 0.393 for high density areas3 is recommend for 

estimations of the waste generation in the City of Bangalore. The collection method selected in 

the WMS has to provide sufficient capacities to collect the estimated waste amounts (see 

Example 5).  

 

 
 

Similar obligations for the provision of appropriate collection capacities apply for commercial 

waste, according to the usual parameters for the respective industry / commercial sector (see 

Example 6). Volume as unit is chosen with respect to the container provision. Advanced 

collection systems with fairness of fee approach consider weight and volume during the 

collection. 

 

                                                 
1 Low Density Area: 0 – 30,000 Inhabitants / km² 
2 Medium Density Areas: 30,000 – 70,000 Inhabitants / km² 
3 High Density Areas: 70,000 – 1,200,000 Inhabitants / km² 

Example 5 

The WMS may determine if the waste collection is entirely performed by door-to-door 

collection, or in specifically assigned areas ensured with community bins. Even bag and 

curbside systems have been implemented successfully in emerging economies with similar 

conditions to India. However, the WMS have to select unequivocally the size, dimension, 

material and allowed input for the utilized receptacles.  

Depending on the quantity of the collected waste, bags, bins or containers are recommended. 

Bags with adequate labelling are commonly used in Europe for volumes of 20 and 35 l; 

container volumes vary from 60 l to 4.5 m³.  

Moreover, in established systems the provided receptacle volume influences the waste 

generation per capita. As more volume is provided, more volume is generated. In other words, 

collection systems with small but adequate volumes help to avoid waste generation and 

improve quality of recyclables (Weichgrebe et al., 2015). 

 

In the WMS of the City of Hannover, Germany, a curbside collection system is determined as the overall waste 

collection method for the municipality. Available bin sizes are (depending on the waste generation of households / 

individual houses / apartment buildings):  

40 l, 60 l, 80 l, 120 l, 240 l, 660 l, 1.1 m³, 2.5 m³, 4.5 m³ 

Additionally, in case of low amounts of generated wastes the municipality may also accept waste bags of a specific 

volume, labelling and material. If required, an additional collection day may be arranged. (aha, 2015: § 10, (2)) 
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3) In the WMS a minimum amount of waste per person and day (in m³/cap d) or (kg/cap d) can be 

defined to ensure the minimum collection volume which has to be provided at the collection 

and to ensure the basic fees for operation. The waste operator is responsible for its calculation.  

4) The WMS shall also define the way receptacles are provided for the collection operator. In case 

of a collection system per household or building / establishment, the waste generator must have 

the obligation to store the waste in an appropriate way on his premises until it is collected. If 

the municipality provides curbside bins, the bins have to be placed on the premises of the waste 

generator (apart from exceptional cases). Multiple neighbours may use one combined bin after 

notifying the municipality. 

5) The WMS determines parameters with respect to the accessibility of the waste.  

To ensure a fast and efficient waste collection, the waste receptacle must be directly accessible. 

Waiting periods or long distances to receive the waste pose great operational problems to the 

waste collection and must be avoided. The Statutes may define a maximum allowed distance 

from the road to the waste receptacles, ensure accessibility and allow the transportation to the 

collection vehicle. Additionally, steep inclination may be avoided in case of curbside collection. 

Also, preventive measures must be taken to avoid access of vermin to the waste receptacle, in 

particular for bag systems (see Example 7). 

If door-to-door collection is applied, the collection operator has the obligation to publish the 

estimated collection times as accurate as possible. However, the waste generators must ensure 

to directly hand over the waste as soon as the collection vehicle arrives. The WMS must also 

provide a disposal guideline for households which are not available during the official collection 

hours.  

6) The WMS declares responsibilities of the waste generator referring to the construction and 

maintenance of the receptacle location.  

Upon agreement of all waste generators, a common location for the receptacle may be built. The 

service company is responsible for collecting the receptacle, discharging its contents and 

returning it to the collection point. If a suitable location for the receptacle cannot be found in 

close proximity to the waste generator, the service company and the waste generator may agree 

on an alternative location that satisfies the requirements. In this case, it is the responsibility of 

the waste generator to collect and return the receptacle to its original location.  

Example 6 

For non-domestic waste, the minimum required volume can be calculated by using the below 

mentioned German sector specific indicators (aha, 2015: § 10, (5)). However, these parameters 

have to be determined for the specific conditions of the City of Bangalore. 

 

Values for calculating the minimum container size for the commercial sector: 

Sector  Min. Volume  

(l/week) 

Financial institutions, insurance companies and services  4 

Others trading businesses 7 

Cafeterias and small restaurants  60 

Hotels and accommodation services (per Bed) 4 

Hospitals, nursing homes (per Bed) 15 

Schools, kindergartens (per person) 1.5 
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§ 15 Service Standards 

1) The WMS shall determine standards for the required services in municipal waste management. 

Each standard shall be publicly available and easy comprehensible to provide a transparent 

waste management service for the general public.  

Service standards do not only serve to describe in detail the desired service for waste 

management operators, they also inform the general public about the minimum level of service 

they can expect and entitled to claim. A transparent system for the general public may reduce 

the monitoring effort for the municipality, as also citizens are entitled to monitor a specific 

service and sue for their right of a determined service level. 

Example 7 

The conditions of the receptacle location or the way receptacles are provided to the collection 

vehicle strongly depend on the area. However, the following example intends to visualize the 

requirements which may be included in the WMS. 

The location of the curbside bins in the City of Bangalore shall fulfill the following conditions: 

 The bin / container must be placed on firm ground and allow the lifting and unloading of the receptacles 

without disruptions.  

 It may not be located more than 15 m away from the closest road. 

 It must be always accessible, and the access path should allow the transportation of the containers. 

 The location must be flat and on ground level.  

 The access path must not contain any stairs or steps  

 The maximum allowed steepness of the access path must not exceed 5% 

 It must fulfill all existing construction regulations 

 

The container is property of the service company and is loaned to the waste producers. The waste producers have 

the responsibility to keep it clean, in good conditions and accessible at the collection days. The disposal of any 

objects which are large in size, burning, and/or hot is not allowed. Objects that may damage the container (i.e. 

rocks, automotive parts, fluids) are prohibited as well. Sharp objects should be packed in separate bags before the 

disposal into the container. The filling level should be adequate according to the local waste generation and 

collection frequency. Depending on the container volume, the maximum weight is limited according to the 

correspondent values (aha, 2015: § 12, (5)):  

 

Receptacle Volume (l) Weight (kg) 

60 20 

80 23 

120 29 

240 50 

660 116 

1100 286 

2500 460 

4500 716 
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It is recommended to include benchmarks for each service to evaluate and monitor the quality of 

the conducted work. Evaluating waste management operators based on measureable and 

comprehensible benchmarks enables accountability for the performed activities. Contractual 

penalties may be defined if certain services levels are not achieved (§ 18). However, this method 

requires a higher monitoring effort compared to the existing system in the City of Bangalore, but 

increases the reliability of the collection and treatment services.  

 

§ 16 Fees 

1) The WMS may determine the type, basis and method for recovering the municipal waste 

management costs.  

Collection fees should reflect all monetary and non-monetary costs, to also recover impacts of 

waste management on the public and environment. Monetary costs are defined as direct capital 

and operational expenses as well as tax and administrative costs. Non-monetary costs are i.e. 

the value of the health impacts resulting from ground water pollution through improper landfill 

leachate treatment. By assigning non-monetary costs to a measureable monetary value, 

environmentally sound technologies will be given preference due to economic incentives.  

Waste management fees have to be calculated based on the costs for collection activities, waste 

transport, treatment (i.e. composting, waste-to-energy, recycling) and disposal (i.e. landfill). 

Different fee models are available worldwide (see Example 8). Whereas the major objective of 

waste management fees is to recover all arising expenses, fees may also be used as an economic 

instrument to promote waste prevention, reduction and segregation. Usually, waste fees consist 

of two parts. A fixed rate covers the common costs of municipal solid waste management and 

treatment, while an additional variable rate reflects the type of waste collection system. 

Generally, it is always recommended to implement higher fees for undesired systems (i.e. mixed 

waste), and reduce fees for targeted systems (i.e. segregated waste). 

2) The WMS may clarify, that the waste operator can handle the recycling goods from the 

treatment to reclaim money for the operation. This depends on the current market prices, but 

will benefit the finance.  

3) The WMS may determine special fees for the landfill operation in particular the After Care 

Phase. These fees should be provided untouched for the sustainable transfer from landfill to soil. 
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Example 8 

Waste management fees are used worldwide as an economic tool to change the behavior of 

waste generators according to the objectives of the waste hierarchy. Waste prevention and 

reduction may be promoted by linking waste fees to the amount of generated waste. Waste 

segregation may be increased by charging lower rates for segregated wastes. However, scale 

effects also apply to waste management fees. The costs of waste collection per capita are 

higher for single houses than for apartment buildings with central bins.  

The following overview shows available and implemented methods for the calculation of 

waste management fees (Merrild & Christensen, 2011):  

 

Flat Rate Fee or Tax 

The recovery of waste management costs by flat rate fees or taxes is currently the existing system in the City of 

Bangalore, through the property tax (status: 01/07/2016). Here, funding for waste management is allocated 

independently of the generated waste amount, the waste quality or the segregation effort. Also it does not reflect 

an increasing waste generation per capita. 

 

Pay as You Throw / Unit Pricing 

A variable pricing system dependent on the generated waste amount can either be realized by certain waste 

volumes (i.e. size of waste receptacles) or by weighing the collected waste. The aim of this system is to connect 

waste management fees directly to the disposal behavior and encourage waste generators to reduce waste to safe 

costs. Additionally, this system is person related and therefor perceived as fair for all waste generators. 

However, a unit pricing system may result in an increased number of illegal littering to reduce or avoid any waste 

costs. Additionally, this system requires a notable higher technological and financial input.  

 

Deposit Refund 

A deposit system assigns a certain value to a waste product. The deposit is usually payed during the purchase of an 

item, and is refunded when the waste item is handed back. Depending on the amount of the deposit, waste 

generators show a higher willingness to return the waste item to the respective reception point. With this concept, 

a reuse system may be established. In Germany, PET bottles have a deposit of 0.25 €. The acceptance for this 

system is high and PET bottles are returned to the respective establishments. As a result, those bottles can be 

reused or recycled with a high material quality. 

 

Variable Tax 

By introducing higher taxed for undesirable and unsustainable collection and treatment methods (i.e. landfilling, 

incineration), more sustainable methods (i.e. recycling) become competitive and may be given preference in the 

long run. 

 

Product Associated Disposal Fee 

Materials and products with an increased treatment effort (i.e. electronic appliances, hazardous materials) may 

include these higher costs already in the purchase price. It may be applied specifically for a product (i.e. disposal 

costs of a fridge) or included as a waste tax in the purchase price (i.e. as an addition to VAT). 

 

Subsidies 

The government or municipality may provide subsidies to promote a certain type of waste treatment. If i.e. 

recycling is not competitive with landfilling based on economic aspects, a “sustainability subsidy” may level out 

this gap. 

 

Landfill reclamation Fund 
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§ 17 Education and Training 

1) In the WMS it is declared that the municipal authority is obliged to promote a sustainable 

waste management. It is responsible for providing information and training on proper waste 

management to the general public.  

2) In the WMS it is declared that the municipality may be responsible for establishing waste 

management training already in school for children to achieve a distributional effect within the 

families. Additionally, training and seminars have to be offered to the general public. 

3) In the WMS it is declared that the municipality is responsible to publish information and 

documents on the adequate handling, storage and segregation of waste. For each segregation 

stream, a comprehensible guide has to be developed to understand which types of waste belong 

to which waste stream. A guideline with both text and pictures is recommended to reach also 

illiterate waste generators. Promotion campaigns (tidying the municipality) may also include 

advertisements and information in television, radio and in public spaces (i.e. billboard, 

kindergarten, school). Pictures of the accepted waste types on the respective waste receptacles 

are recommended.  

 

§ 18 Offences 

1) The WMS shall highlight offences and the respective penalties. In order to ensure a stable and 

efficient operation of collection and treatment systems, several activities are recommended to 

be prohibited. 

2) In the WMS it can be defined which activities may be prohibited. 

 

a. No segregation of wastes according to the regulations and standards 

b. No provision and disposal of segregated wastes in the assigned collection system 

c. Transfer of the wastes to unauthorized collection operators 

d. Transfer of impermissible wastes with regard to the respective quality requirements of the waste 

management system 

e. No provision of adequate information on the type of establishment, number of residents and 

expected generated wastes 

f. Waste picking from public or private waste receptacles by unauthorized persons 

g. Damage or theft of waste receptacle 

h. Disposal of medical waste in any other collection stream than the official medical waste collection 

system. 

i. Disposal of construction and demolition waste in any other collection stream than the official 

construction and demolition waste collection system. 

j. Disposal of hazardous or dangerous wastes in any other collection stream than the official collection 

system for hazardous and dangerous wastes. 

k. Disposal of sharp or pointy items without proper wrapping / packing 

l. Not returning uncollected waste back to the respective premises until the end of the collection day 

m. Entering waste collection, treatment and other management facilities without authorization 

 

3) The penalty defined in the WMS shall be appropriate with respect to the gravity of the offence. 

High penalties in comparison the annual net income proved to show deterrent effects. However, 

penalties may not be a fixed sum, but in relation to the income of the culprit. 
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Appendices Part I 

Appendix A: Physical sorting catalogue 

SL Primary Categories Code Secondary Categories Notes Typical examples 

1 Organic Wastes   1. Food waste All biodegradable waste originating 

in domestic kitchen or commercial/ 

industrial canteen 

Includes left over food, fruit and vegetable peels, egg 

shells, meat, curries and liquid food items 

      2. Yard waste All biodegradable waste originating 

in a domestic garden or municipal 

park, garden, or landscaping feature 

Dry leaves, twigs, coconut shells, dried flowers, 

plaintain leaves and other organic waste which take 

longer to compost compared to food waste 

      3. Other Biodegradable All biodegradable waste not 

applicable to either of the above 

categories 

Animal remains, Bones, Faeces,  Citrus fruit Peels and 

so on 

2 Wood   4. Untreated All wood/cork items without paint, 

varnish, preservative, sealant etc 

Bottle corks; Cork packaging; Untreated Pallets; Solid 

timber and timber fragments untreated 

      5. Treated All wood/cork items with paint, 

varnish, preservative, sealant etc 

Particle board (i.e. chipboard, plywood, mdf); Solid 

timber and timber fragments, Wood fencing- treated; 

Wood from DIY – treated; Wood furniture – treated; 

Wood kitchen units- treated; Wood work tops- treated 

etc 

3 Paper   6. High gloss paper/card 

and 

wallpapers 

Magazines, Journals, Advertisement Glossy brochures i.e. travel brochures, shop catalogues; 

Glossy magazines i.e. Cosmopolitan, Elle; High gloss 

papers i.e. photographic papers; Waste wallpapers 
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      7. Paper/card – packaging All non-glossy paper/ card 

packaging including white papers 

Cereal packets; Cleaning product cartons; Corrugated 

packaging cardboard (bulk and individual); Fast Food 

Paper bags/wrapping; Noodle and egg boxes; Other 

food/pet food/ non-food container packaging; Paper 

bags; Tissue boxes; Toy boxes; Washing powder boxes; 

Waxed card liquid cartons; Wrapping paper 

      8. Newspapers Loose and stapled newsprint Local and national newspapers (paid and free); 

Newsprint-type advertising publications; Other 

newsprint 

4 Plastics   9. PETE Polyethylene Terephthalate Mineral water bottles, coke bottles, Alcoholic drinks; 

Bleaches; Detergents; Household/pet/garden products; 

Laundry liquid; Soft drinks; Vinegar;etc. 

      10. HDPE High Density Polyethylene High Density Polyethylene which includes packets of 

milk, curd, oil and other similar packaging material 

      11. Low quality 

plastics 

  Carry bags, bread covers, flour packets, etc. which 

typically make a crackling sound (excludes laminates) 

      12. Other hard 

plastics 

  Plastic containers, razor, tooth brush, shampoo bottles, 

etc. 

5 Glass   13. Clear Glass Container 

(Packaging) 

All clear glass bottles and jars All clear alcoholic and non-alcoholic drinks bottles/jars 

(e. g. beer, cider, milk, water, wine), Food jars (i.e. baby 

foods, coffee, jams, pickles, sauces), Medicine bottles 

      14. Color Glass Container 

(Packaging) 

All color glass bottles and jars All color alcoholic and non-alcoholic drinks bottles/jars 

(e. g. beer, cider, milk, water, wine), Food jars (i.e. baby 
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foods, coffee, jams, pickles, sauces), Medicine bottles 

      15. Miscellaneous Non 

Packaging Glass 

All non-packaging glass Cookware (i.e. pyrex, drinking glasses) 

Flat glass (i.e. table top, window, mirrors, reinforced, 

windscreens) 

Light bulbs (i.e. normal, fluorescent, energy saving 

Mixed broken glass Television/ computer screens 

separated only 

6 Textiles   16. Clothes (Synthetic) All synthetic clothing items 

excluding shoes 

Synthetic Trousers; Skirts; Socks; Stockings; Tights; 

Underwear; Shirts; Blouses; Jumpers; Cardigans; Coats; 

Hats; Gloves 

      17. Clothes (Non-synthetic) All non-synthetic clothing items 

excluding shoes 

Non-synthetic Trousers; Skirts; Socks; Stockings; 

Tights; Underwear; Shirts; Blouses; Jumpers; 

Cardigans; Coats; Hats; Gloves 

      18. Non-clothing textiles Textiles and furnishings except 

clothes and shoes 

Balls of wool; Blankets; Braids; Carpets; Cords; 

Curtains; Household soft furnishings and upholstery; 

Mats; Pillow cases; Pillows; Rags; Ropes; Rugs; Sheets; 

Threads; Towels 

7 Metals   19. Ferrous Packaging Ferrous food, beverage andnon-food 

cans and containers 

Biscuit containers; Packaging for carbonated drinks, 

Fish, Pet food etc.; Shoe polish cans; Soft drinks; 

Soups; Sweets; Tinned food; Aerosols (deodorant, 

perfume, hairspray) 
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      20. Non-ferrous Packaging All non-ferrous Cans and Containers 

and Aluminium Foils etc. 

Aluminium foil sheets; Biscuits containers; Cake and 

pie containers; Carbonated drinks; Containers; Fish; 

Pet food; Shoe polish cans; Soft drinks; Soups; Sweets; 

Take away; Tinned food; Other food/non-food/pet food 

containers; Aerosols (deodorant, perfume, hairspray) 

      21. Miscellaneous Ferrous 

and Non-ferrous 

All ferrous and non-ferrous items 

except food, beverage and non-food 

cans and containers, Aluminium 

Cans and Containers, Aluminium 

Foils  

Ferrous: Bike parts; Building materials/DIY materials; 

Car parts; Cutlery; Keys; Licks; Metal shelves; Nails; 

Paper clips; Plumbing; Pots and pans; Radiators; Ring 

pulls; Safety pins; Screws; Tools. Non-ferrous: Keys; 

Cutlery; Locks; Ring pulls; Tools; Car parts; Radiators; 

Metal shelves; Pots and pans; Screws; Nails; Building 

materials/DIY materials; Plumbing; Bike parts 

8 Hazardous 

Household 

Waste 

  22. Batteries/ Accumulators All types of household and car 

batteries including rechargeable and 

nonrechargeable 

Lead acid, Nickel, cadmium, 

Other car and household batteries and accumulators 

(including rechargeable batteries) 

      23. Miscellaneous 

hazardous 

waste 

All other potentially hazardous 

household type waste 

Asbestos; Cooking oils; Fire extinguishers; Garden/ 

household chemicals; Glues and solvents; Medicines; 

Methylated spirits; Mineral, synthetic and non-edible 

organic oils and fats and their filters; Motoring 

products; Paint products; Photo chemicals; 

Refrigerants; White spirits 
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9 Composites   24. Composite /Complex 

packaging 

Any complex/composite packaging 

that cannot be easily separated into 

its component materials and is 

therefore difficult to classify 

conventionally, tetra pack 

Aluminium Foil-coated card, liquid containers i.e. milk; 

fruit juice 

      25. Composite/ Complex 

Non-packaging 

Any complex/composite item which 

is not packaging that cannot be 

easily separated into its component 

materials and is therefore difficult to 

classify conventionally 

Appliance partsCar partsEngine partsSandals (multi-

material only)Shoes (multi-material only) 

10 Mixed WEEE   26. Waste of electrical and 

electronic equipment 

(WEEE) 

Large Household Appliances 

Small Household Appliances 

IT and Telecommunications 

Equipment, Lighting Equipment, 

Toys, Monitoring and control 

instruments 

Air conditioners; Answering machines; Car racing sets; 

Carpet sweepers; Clocks; Clothes dryers; Coffee 

makers; Compact fluorescent lamps; Computers; 

Cookers; Copiers; Dishwashers; Drills; Electric knives; 

Electric stoves/ hotplates; Electric toothbrushes; 

Electric trains; Electrical and Electronic Tools; Fax; 

Freezers; Fryers; Hair dryers; Hand held video game 

consoles; Heating appliances; Heating regulators/ 

thermostats; High intensity discharge lamps; Irons; 

Laptops; Large cooling appliance; Low pressure sodium 

lamps; Microwaves; PCs; Printers; Refrigerators; Saws; 

Scales; Sewing machines; Shavers; Smoke detector; 

Straight fluorescent lamps; Telephones/ Mobile 

phones; Telex; Toasters; Vacuum cleaners; Video 



      Appendices 

208 

 

games; Washing machines 

11 Inert   27. Soil, Stones and other 

inerts 

  Boulders; Bricks; Gravel; Pebbles; Sand; Soil; Stones, 

Ceramics, Clay plant pots, Crockery, Stone/ceramic 

floor and wall tiles, Vases 

12 Household Medical 

Waste 

  28. Medical wastes Health Care/ Biological Wastes Dressings, Swabs, Syringes etc. 

13 Fine particle   29. Fine fraction 10mm sieved fraction Ashes, Sand, Small fragments <10mm of all above 

categories 

14 Liquids   30. Liquids Liquid leftovers with containers Oil, paints, disinfectants, cleaning, leachate etc. 

Source: Information used from Fitzgerald et al. (2009), European Commission (2004) and Forward Foundation(2014) 

  



      Appendices 

209 

 

Important points of clarification for sorting and classification 

Some items within the municipal waste stream can potentially be categorized under more than one category. Since every item must be placed into one category 

or another, the following clarifications are given to explain the proposed methodology for classifying such items. 

i. Un-used food items still in their packaging: 

 If there is a unopened package of food, food will be assigned to the food waste category and packaging to the respective packaging category. 

 If there is very little food left in the packaging, effort should be put into cleaning the packaging, instead it should be assigned to the respective 

packaging category. 

ii. Multi-material Items; i.e. objects consisting of more than one category shall be assigned to the category of its predominant component. 

iii. Very fine particle fraction needs not be sorted; instead it can be assigned to the fines category 

Source: Information used from Fitzgerald et. al.(2009) 
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Appendix B: Detailed stratification matrix for Door-to-Door collection system 
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Appendix C: Detailed stratification matrix for litter spots collection 
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Appendix D: Detailed stratification matrix for street sweepings waste 
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Appendix E: Overall Waste Composition – with all strata and fraction groups 

Overall composition (all waste streams) Composition TOTAL Composition LD Composition MD Composition HD 

Pr. Categories Secondary Categories 
> 77 

mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total 

> 77 

mm 

55-77 

mm 

14-55 

mm 
Total 

1. Organic 

1. Food waste 3.9% 7.7% 35.8% 0.0% 4.1% 6.5% 34.3% 0.0% 3.5% 8.2% 37.5% 0.0% 3.9% 8.3% 35.6% 0.0% 

2. Yard waste 10.1% 4.9% 0.0% 0.0% 10.4% 6.7% 0.0% 0.0% 12.0% 3.9% 0.0% 0.0% 8.6% 4.4% 0.0% 0.0% 

3. Other Biodegradable 0.2% 0.0% 0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 

Total 14.2% 12.7% 35.8% 62.6% 15.0% 13.3% 34.3% 62.6% 15.6% 12.1% 37.5% 65.3% 12.6% 12.7% 35.6% 60.9% 

2. Wood 

4. Untreated 0.2% 0.0% 0.1% 0.0% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 

5. Treated 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 

Total 0.2% 0.0% 0.1% 0.3% 0.7% 0.0% 0.0% 0.7% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.1% 0.2% 

3. Paper  

6. High gloss paper & 

wallpapers 
0.7% 0.6% 0.9% 0.0% 0.9% 0.7% 0.8% 0.0% 0.6% 0.6% 1.0% 0.0% 0.6% 0.5% 0.9% 0.0% 

7. Paper/card – packaging 2.9% 0.7% 0.0% 0.0% 3.2% 0.7% 0.0% 0.0% 2.8% 0.7% 0.0% 0.0% 2.8% 0.7% 0.0% 0.0% 

8. Newspapers 1.9% 1.0% 0.0% 0.0% 2.3% 0.9% 0.0% 0.0% 2.2% 0.9% 0.0% 0.0% 1.6% 1.2% 0.0% 0.0% 

Total 5.6% 2.3% 0.9% 8.8% 6.4% 2.3% 0.8% 9.5% 5.6% 2.1% 1.0% 8.7% 5.0% 2.4% 0.9% 8.3% 

4. Plastics 

9. PETE 0.3% 0.1% 0.8% 0.0% 0.5% 0.0% 0.8% 0.0% 0.2% 0.0% 0.7% 0.0% 0.2% 0.1% 0.9% 0.0% 

10. HDPE 0.7% 0.3% 0.0% 0.0% 0.6% 0.1% 0.0% 0.0% 0.7% 0.2% 0.0% 0.0% 0.8% 0.4% 0.0% 0.0% 

11. Low quality plastics 5.4% 1.6% 0.0% 0.0% 5.1% 1.5% 0.0% 0.0% 5.4% 1.6% 0.0% 0.0% 5.7% 1.8% 0.0% 0.0% 

12. Other hard plastics 0.5% 0.3% 0.0% 0.0% 0.5% 0.4% 0.0% 0.0% 0.5% 0.3% 0.0% 0.0% 0.4% 0.3% 0.0% 0.0% 

Total 6.9% 2.3% 0.8% 9.9% 6.7% 2.1% 0.8% 9.6% 6.8% 2.1% 0.7% 9.6% 7.0% 2.5% 0.9% 10.4% 

5. Glass 

13. Clear Glass Container 0.5% 0.2% 0.1% 0.0% 0.6% 0.3% 0.1% 0.0% 0.5% 0.1% 0.1% 0.0% 0.4% 0.2% 0.1% 0.0% 

14. Coloured Glass Container 0.5% 0.0% 0.0% 0.0% 0.9% 0.0% 0.0% 0.0% 0.3% 0.0% 0.0% 0.0% 0.3% 0.0% 0.0% 0.0% 

15. Miscellaneous 0.2% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 

Total 1.1% 0.2% 0.1% 1.4% 1.5% 0.3% 0.1% 2.0% 0.8% 0.1% 0.1% 1.1% 1.1% 0.2% 0.1% 1.3% 
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6. Textiles 

16. Clothes 1.8% 0.1% 0.2% 0.0% 1.0% 0.1% 0.0% 0.0% 1.8% 0.0% 0.1% 0.0% 2.4% 0.1% 0.3% 0.0% 

17. Non-clothing 2.0% 0.4% 0.0% 0.0% 1.2% 0.2% 0.0% 0.0% 1.8% 0.4% 0.0% 0.0% 2.7% 0.7% 0.0% 0.0% 

Total 3.9% 0.5% 0.2% 4.6% 2.3% 0.3% 0.1% 2.6% 3.6% 0.4% 0.1% 4.2% 5.1% 0.8% 0.3% 6.2% 

7. Metals 

18. Ferrous 0.1% 0.0% 0.1% 0.0% 0.1% 0.1% 0.1% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 

19. Non-ferrous 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Total 0.1% 0.1% 0.1% 0.3% 0.2% 0.1% 0.1% 0.4% 0.2% 0.0% 0.1% 0.3% 0.1% 0.0% 0.1% 0.2% 

8. Hazardous  

20. Batteries/ Accumulators 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

21. Misc. hazardous waste 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 0.1% 0.0% 0.1% 0.1% 0.1% 0.0% 0.2% 0.1% 0.1% 0.0% 

Total 0.1% 0.1% 0.1% 0.3% 0.0% 0.1% 0.1% 0.2% 0.1% 0.1% 0.1% 0.3% 0.2% 0.1% 0.1% 0.4% 

9. Composites 

22. packaging 0.6% 0.4% 0.3% 0.0% 0.7% 0.3% 0.3% 0.0% 0.6% 0.5% 0.4% 0.0% 0.5% 0.4% 0.4% 0.0% 

23. non-packaging 1.8% 0.1% 0.0% 0.0% 2.0% 0.1% 0.0% 0.0% 1.4% 0.1% 0.0% 0.0% 2.0% 0.1% 0.0% 0.0% 

Total 2.4% 0.5% 0.3% 3.3% 2.6% 0.4% 0.3% 3.4% 2.0% 0.6% 0.4% 3.0% 2.5% 0.6% 0.4% 3.5% 

10. WEEE 

24. Mixed WEEE 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.1% 0.0% 0.1% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 

Total 0.1% 0.0% 0.0% 0.1% 0.1% 0.0% 0.1% 0.2% 0.1% 0.0% 0.0% 0.1% 0.1% 0.0% 0.0% 0.1% 

11. Inerts 

25. Soil, Stones and other 

inerts 
0.4% 0.3% 0.9% 0.0% 0.4% 0.5% 0.8% 0.0% 0.3% 0.2% 1.0% 0.0% 0.4% 0.3% 0.9% 0.0% 

Total 0.4% 0.3% 0.9% 1.6% 0.4% 0.5% 0.8% 1.7% 0.3% 0.2% 1.0% 1.5% 0.4% 0.3% 0.9% 1.7% 

12. Biomedical  

26. Household health care 1.6% 0.4% 0.1% 0.0% 2.2% 0.3% 0.1% 0.0% 1.4% 0.4% 0.1% 0.0% 1.3% 0.4% 0.0% 0.0% 

Total 1.6% 0.4% 0.1% 2.0% 2.2% 0.3% 0.1% 2.6% 1.4% 0.4% 0.1% 1.8% 1.3% 0.4% 0.0% 1.8% 

13. Fines & Liq. Total 0.0% 0.0% 0.0% 4.6% 0.0% 0.0% 0.0% 4.6% 0.0% 0.0% 0.0% 4.1% 0.0% 0.0% 0.0% 5.0% 

TOTAL  36.6% 19.5% 39.4% 100.0% 38.1% 19.6% 37.7% 100.0% 36.6% 18.3% 41.1% 100.0% 35.4% 20.2% 39.4% 
100.0

% 
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Appendix F: Physical composition of door to door waste stream 

Door to Door waste stream Composition TOTAL Composition LD Composition MD Composition HD 

Pr. Categories Secondary Categories 
> 77 

mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total 

> 77 

mm 

55-77 

mm 

14-55 

mm 
Total 

1. Organic 

1. Food waste 3.75% 9.37% 36.31% 
 

4.42% 7.09% 35.11% 
 

4.25% 10.36% 36.00% 
 

3.13% 9.95% 37.09% 
 

2. Yard waste 7.97% 3.27% 0.00% 
 

8.45% 4.48% 0.00% 
 

10.85% 2.13% 0.00% 
 

6.07% 3.32% 0.00% 
 

3. Other Biodegradable 0.03% 0.03% 0.00% 
 

0.00% 0.04% 0.00% 
 

0.00% 0.01% 0.00% 
 

0.06% 0.05% 0.00% 
 

Total 11.75% 12.68% 36.31% 60.74% 12.87% 11.61% 35.11% 59.59% 15.10% 12.50% 36.00% 63.60% 9.26% 13.32% 37.09% 
59.68

% 

2. Wood 

4. Untreated 0.03% 0.03% 0.06% 
 

0.00% 0.01% 0.02% 
 

0.00% 0.03% 0.03% 
 

0.06% 0.04% 0.09% 
 

5. Treated 0.05% 0.00% 0.00% 
 

0.00% 0.00% 0.00% 
 

0.00% 0.00% 0.00% 
 

0.10% 0.00% 0.00% 
 

Total 0.08% 0.03% 0.06% 0.16% 0.00% 0.01% 0.02% 0.03% 0.00% 0.03% 0.03% 0.05% 0.16% 0.04% 0.09% 0.29% 

3. Paper  

6. High gloss paper & 

wallpapers 
0.70% 0.52% 0.71% 

 
0.99% 0.65% 0.61% 

 
0.51% 0.51% 0.81% 

 
0.67% 0.45% 0.71% 

 

7. Paper/card – packaging 3.25% 0.57% 0.00% 
 

4.21% 0.59% 0.00% 
 

3.83% 0.51% 0.00% 
 

2.43% 0.60% 0.00% 
 

8. Newspapers 1.87% 0.94% 0.00% 
 

2.34% 0.64% 0.00% 
 

2.19% 0.74% 0.00% 
 

1.45% 1.20% 0.00% 
 

Total 5.82% 2.03% 0.71% 8.56% 7.54% 1.88% 0.61% 10.03% 6.53% 1.76% 0.81% 9.10% 4.55% 2.25% 0.71% 7.51% 

4. Plastics 

9. PETE 0.43% 0.06% 0.86% 
 

0.97% 0.07% 0.84%  0.35% 0.03% 0.67% 
 

0.20% 0.07% 0.99% 
 

10. HDPE 0.76% 0.19% 0.00% 
 

0.91% 0.16% 0.00%  0.88% 0.20% 0.00% 
 

0.60% 0.20% 0.00% 
 

11. Low quality plastics 4.98% 1.76% 0.00% 
 

4.67% 1.33% 0.00%  5.24% 1.47% 0.00% 
 

4.98% 2.13% 0.00% 
 

12. Other hard plastics 0.51% 0.30% 0.00% 
 

0.67% 0.46% 0.00%  0.53% 0.25% 0.00% 
 

0.43% 0.25% 0.00% 
 

Total 6.67% 2.30% 0.86% 9.84% 7.22% 2.02% 0.84% 10.08% 7.00% 1.95% 0.67% 9.61% 6.22% 2.65% 0.99% 9.85% 

5. Glass 

13. Clear Glass Container 0.28% 0.22% 0.10% 
 

0.37% 0.33% 0.09% 
 

0.48% 0.15% 0.13% 
 

0.13% 0.20% 0.08% 
 

14. Coloured Glass Container 0.49% 0.00% 0.00% 
 

1.28% 0.00% 0.00% 
 

0.49% 0.00% 0.00% 
 

0.10% 0.00% 0.00% 
 

15. Miscellaneous 0.19% 0.00% 0.00% 
 

0.11% 0.00% 0.00% 
 

0.00% 0.00% 0.00% 
 

0.33% 0.00% 0.00% 
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Total 0.96% 0.22% 0.10% 1.27% 1.76% 0.33% 0.09% 2.18% 0.96% 0.15% 0.13% 1.24% 0.56% 0.20% 0.08% 0.84% 

6. Textiles 

16. Clothes 1.62% 0.11% 0.22% 
 

0.66% 0.11% 0.05% 
 

1.29% 0.03% 0.11% 
 

2.29% 0.16% 0.37% 
 

17. Non-clothing 1.69% 0.46% 0.00% 
 

0.91% 0.12% 0.00% 
 

1.38% 0.33% 0.00% 
 

2.25% 0.70% 0.00% 
 

Total 3.31% 0.57% 0.22% 4.10% 1.58% 0.23% 0.05% 1.86% 2.68% 0.36% 0.11% 3.14% 4.54% 0.86% 0.37% 5.77% 

7. Metals 

18. Ferrous 0.07% 0.03% 0.07% 
 

0.14% 0.05% 0.07% 
 

0.07% 0.01% 0.03% 
 

0.04% 0.03% 0.09% 
 

19. Non-ferrous 0.10% 0.03% 0.00% 
 

0.09% 0.05% 0.00% 
 

0.19% 0.02% 0.00% 
 

0.05% 0.02% 0.00% 
 

Total 0.17% 0.06% 0.07% 0.30% 0.23% 0.11% 0.07% 0.40% 0.26% 0.03% 0.03% 0.31% 0.09% 0.06% 0.09% 0.23% 

8. Hazardous  

20. Batteries/ Accumulators 0.00% 0.00% 0.04%  0.00% 0.00% 0.08% 
 

0.00% 0.00% 0.03% 
 

0.00% 0.00% 0.03% 
 

21. Misc. hazardous waste 0.18% 0.12% 0.09%  0.02% 0.02% 0.05% 
 

0.04% 0.17% 0.12% 
 

0.33% 0.15% 0.10% 
 

Total 0.18% 0.12% 0.13% 0.43% 0.02% 0.02% 0.13% 0.17% 0.04% 0.17% 0.15% 0.35% 0.33% 0.15% 0.13% 0.61% 

9. Composites 

22. packaging 0.57% 0.39% 0.25% 
 

0.58% 0.27% 0.24% 
 

0.62% 0.40% 0.23% 
 

0.54% 0.45% 0.27% 
 

23. non-packaging 1.58% 0.08% 0.00% 
 

1.63% 0.03% 0.00% 
 

0.83% 0.05% 0.00% 
 

1.98% 0.11% 0.00% 
 

Total 2.15% 0.47% 0.25% 2.87% 2.21% 0.30% 0.24% 2.75% 1.44% 0.45% 0.23% 2.12% 2.52% 0.56% 0.27% 3.35% 

10. WEEE 

24. Mixed WEEE 0.05% 0.04% 0.04% 
 

0.02% 0.03% 0.08% 
 

0.04% 0.01% 0.02% 
 

0.07% 0.06% 0.04% 
 

Total 0.05% 0.04% 0.04% 0.14% 0.02% 0.03% 0.08% 0.13% 0.04% 0.01% 0.02% 0.07% 0.07% 0.06% 0.04% 0.17% 

11. Inerts 

25. Soil, Stones and other 

inerts 
0.24% 0.14% 0.15% 

 
0.33% 0.09% 0.03% 

 
0.18% 0.06% 0.13% 

 
0.23% 0.22% 0.23% 

 

Total 0.24% 0.14% 0.15% 0.53% 0.33% 0.09% 0.03% 0.45% 0.18% 0.06% 0.13% 0.37% 0.23% 0.22% 0.23% 0.67% 

12. Biomedical  

26. Household health care 1.74% 0.41% 0.09% 
 

2.94% 0.42% 0.19% 
 

1.71% 0.40% 0.09% 
 

1.16% 0.42% 0.05% 
 

Total 1.74% 0.41% 0.09% 2.25% 2.94% 0.42% 0.19% 3.54% 1.71% 0.40% 0.09% 2.19% 1.16% 0.42% 0.05% 1.63% 

13. Fines & liq. Total 0.00% 0.00% 0.00% 8.81% 0.00% 0.00% 0.00% 8.78% 0.00% 0.00% 0.00% 7.84% 0.00% 0.00% 0.00% 9.37% 

TOTAL  33.11% 19.08% 39.00% 100% 36.72% 17.05% 37.45% 100% 35.92% 17.85% 38.39% 100% 29.69% 20.80% 40.13% 100% 
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Appendix G: Physical composition of Litter Spots waste stream 

Litter Spots waste  stream Composition TOTAL Composition LD Composition MD Composition HD 

Pr. Categories Secondary Categories 
> 77 

mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total 

> 77 

mm 

55-77 

mm 

14-55 

mm 
Total 

1. Organic 

1. Food waste 5.25% 7.45% 35.33%   5.76% 7.18% 31.55%   3.86% 7.07% 37.40%   5.76% 7.78% 36.06%   

2. Yard waste 10.22% 4.98% 0.00%   13.64% 4.80% 0.00%   10.81% 4.94% 0.00%   8.22% 5.09% 0.00%   

3. Other Biodegradable 0.16% 0.01% 0.00%   0.00% 0.01% 0.00%   0.43% 0.02% 0.00%   0.09% 0.01% 0.00%   

Total 
15.63% 12.43% 

35.33% 
63.39% 19.40% 11.99% 

31.55% 
62.94% 15.10% 12.02% 

37.40% 
64.52% 14.06% 12.87% 

36.06% 
63.00

% 

2. Wood 

4. Untreated 0.07% 0.02% 0.04%   0.31% 0.03% 0.02%   0.00% 0.03% 0.02%   0.00% 0.01% 0.06%   

5. Treated 0.02% 0.02% 0.00%   0.01% 0.02% 0.00%   0.06% 0.01% 0.00%   0.01% 0.03% 0.00%   

Total 0.10% 0.04% 0.04% 0.18% 0.32% 0.05% 0.02% 0.39% 0.06% 0.04% 0.02% 0.13% 0.01% 0.04% 0.06% 0.11% 

3. Paper  

6. High gloss paper & 

wallpapers 0.68% 0.58% 
0.87% 

  0.82% 0.77% 
1.25% 

  0.75% 0.68% 
0.95% 

  0.57% 0.43% 
0.63% 

  

7. Paper/card – packaging 2.19% 0.71% 0.00%   2.42% 0.84% 0.00%   1.94% 0.74% 0.00%   2.21% 0.64% 0.00%   

8. Newspapers 2.06% 1.12% 0.00%   2.63% 1.39% 0.00%   1.97% 1.01% 0.00%   1.84% 1.05% 0.00%   

Total 4.93% 2.41% 0.87% 8.21% 5.88% 2.99% 1.25% 10.11% 4.66% 2.43% 0.95% 8.04% 4.62% 2.12% 0.63% 7.37% 

4. Plastics 

9. PETE 0.11% 0.05% 0.74%   0.05% 0.03% 0.93%   0.09% 0.07% 0.78%   0.14% 0.05% 0.64%   

10. HDPE 0.95% 0.57% 0.00%   0.44% 0.20% 0.00%   0.62% 0.39% 0.00%   1.37% 0.86% 0.00%   

11. Low quality plastics 7.04% 1.79% 0.00%   6.75% 2.14% 0.00%   6.77% 2.08% 0.00%   7.33% 1.47% 0.00%   

12. Other hard plastics 0.33% 0.25% 0.00%   0.34% 0.22% 0.00%   0.33% 0.32% 0.00%   0.33% 0.22% 0.00%   

Total 
8.43% 2.66% 

0.74% 
11.83% 7.59% 2.58% 

0.93% 
11.09% 7.81% 2.86% 

0.78% 
11.45% 9.17% 2.60% 

0.64% 
12.40

% 

5. Glass 

13. Clear Glass Container 0.75% 0.19% 0.12%   1.21% 0.41% 0.24%   0.76% 0.14% 0.17%   0.51% 0.11% 0.04%   

14. Coloured Glass Container 0.46% 0.00% 0.00%   0.75% 0.00% 0.00%   0.13% 0.00% 0.00%   0.54% 0.00% 0.00%   
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15. Miscellaneous 0.04% 0.00% 0.00%   0.03% 0.00% 0.00%   0.10% 0.00% 0.00%   0.01% 0.00% 0.00%   

Total 1.24% 0.19% 0.12% 1.56% 1.99% 0.41% 0.24% 2.64% 1.00% 0.14% 0.17% 1.22% 1.06% 0.11% 0.04% 1.21% 

6. Textiles 

16. Clothes 2.94% 0.14% 0.10%   1.59% 0.03% 0.05%   3.18% 0.09% 0.17%   3.48% 0.22% 0.09%   

17. Non-clothing 2.97% 0.42% 0.04%   1.57% 0.22% 0.00%   2.92% 0.38% 0.00%   3.69% 0.53% 0.08%   

Total 5.92% 0.55% 0.14% 6.61% 3.16% 0.25% 0.05% 3.46% 6.09% 0.46% 0.17% 6.73% 7.17% 0.75% 0.17% 8.09% 

7. Metals 

18. Ferrous 0.06% 0.01% 0.13%   0.04% 0.04% 0.28%   0.09% 0.00% 0.10%   0.06% 0.01% 0.08%   

19. Non-ferrous 0.05% 0.02% 0.00%   0.04% 0.04% 0.00%   0.02% 0.02% 0.00%   0.07% 0.02% 0.00%   

Total 0.11% 0.04% 0.13% 0.28% 0.08% 0.07% 0.28% 0.43% 0.11% 0.03% 0.10% 0.24% 0.13% 0.02% 0.08% 0.22% 

8. Hazardous  

20. Batteries/ Accumulators 0.00% 0.00% 0.02%  0.00% 0.00% 0.03%   0.00% 0.00% 0.02%   0.00% 0.00% 0.01%   

21. Misc. hazardous waste 0.07% 0.14% 0.09%  0.10% 0.13% 0.12%   0.08% 0.11% 0.11%   0.04% 0.16% 0.06%   

Total 0.07% 0.14% 0.11% 0.31% 0.10% 0.13% 0.14% 0.37% 0.08% 0.11% 0.14% 0.33% 0.04% 0.16% 0.08% 0.28% 

9. Composites 

22. packaging 0.68% 0.49% 0.30%   0.86% 0.40% 0.37%   0.68% 0.52% 0.36% 

 

0.58% 0.52% 0.23% 

 23. non-packaging 2.05% 0.14% 0.00%   1.79% 0.10% 0.00%   2.03% 0.17% 0.00% 

 

2.20% 0.14% 0.00% 

 Total 2.73% 0.63% 0.30% 3.66% 2.65% 0.51% 0.37% 3.53% 2.71% 0.68% 0.36% 3.76% 2.78% 0.66% 0.23% 3.67% 

10. WEEE 

24. Mixed WEEE 0.07% 0.03% 0.02% 

 

0.15% 0.05% 0.02% 

 

0.05% 0.04% 0.01% 

 

0.04% 0.02% 0.02% 

 Total 0.07% 0.03% 0.02% 0.12% 0.15% 0.05% 0.02% 0.22% 0.05% 0.04% 0.01% 0.10% 0.04% 0.02% 0.02% 0.08% 

11. Inerts 

25. Soil, Stones and other 

inerts 0.41% 0.28% 
0.51% 

 

0.76% 0.40% 
0.84% 

 

0.60% 0.16% 
0.76% 

 

0.14% 0.28% 
0.21% 

 Total 0.41% 0.28% 0.51% 1.20% 0.76% 0.40% 0.84% 2.00% 0.60% 0.16% 0.76% 1.52% 0.14% 0.28% 0.21% 0.63% 

12. Biomedical  

26. Household health care 1.72% 0.35% 0.05% 

 

1.87% 0.31% 0.05% 

 

1.25% 0.33% 0.03% 

 

1.90% 0.38% 0.06% 

 Total 1.72% 0.35% 0.05% 2.11% 1.87% 0.31% 0.05% 2.22% 1.25% 0.33% 0.03% 1.61% 1.90% 0.38% 0.06% 2.33% 

13. Liquids Total  0.00% 0.00% 0.00% 0.53%  0.00% 0.00% 0.00% 0.60%  0.00% 0.00% 0.00% 0.36%  0.00% 0.00% 0.00% 0.60% 

TOTAL  
41.34% 19.76% 38.37% 

100.00

% 43.93% 19.73% 35.74% 

100.00

% 39.49% 19.31% 40.89% 100.00% 41.11% 20.01% 38.28% 

100.00

% 
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Appendix H: Physical composition of Street Sweepings waste stream 

Street Sweepings  waste stream Composition TOTAL Composition LD Composition MD Composition HD 

Pr. Categories Secondary Categories 
> 77 

mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total > 77 mm 

55-77 

mm 

14-55 

mm 
Total 

> 77 

mm 

55-77 

mm 

14-55 

mm 
Total 

1. Organic 

1. Food waste 2.11% 4.58% 35.12%  0.85% 4.16% 36.48%  1.15% 4.50% 41.43%  3.19% 4.82% 31.24%  

2. Yard waste 14.54% 8.46% 0.00%  10.59% 15.11% 0.00%  16.68% 6.95% 0.00%  15.30% 6.09% 0.00%  

3. Other Biodegradable 0.72% 0.00% 0.00%  2.19% 0.00% 0.00%  0.00% 0.00% 0.00%  0.38% 0.00% 0.00%  

Total 
17.36% 13.04% 

35.12% 
65.51% 13.64% 19.27% 

36.48% 
69.39% 17.83% 11.45% 

41.43% 
70.71% 18.88% 10.90% 

31.24% 
61.02

% 

2. Wood 

4. Untreated 0.73% 0.01% 0.11%  2.99% 0.00% 0.06%  0.00% 0.04% 0.09%  0.03% 0.00% 0.15%  

5. Treated 0.02% 0.04% 0.01%  0.00% 0.02% 0.00%  0.00% 0.00% 0.04%  0.04% 0.07% 0.00%  

Total 0.75% 0.05% 0.12% 0.92% 2.99% 0.02% 0.06% 3.07% 0.00% 0.04% 0.12% 0.17% 0.07% 0.08% 0.15% 0.30% 

3. Paper  

6. High gloss paper & 

wallpapers 

0.68% 0.62% 
1.33% 

 0.68% 0.79% 
0.79% 

 0.77% 0.63% 
1.31% 

 0.63% 0.54% 
1.59% 

 

7. Paper/card – packaging 3.28% 1.09% 0.00%  2.05% 0.79% 0.00%  1.66% 1.03% 0.00%  4.68% 1.27% 0.00%  

8. Newspapers 1.72% 1.12% 0.00%  1.63% 0.62% 0.00%  2.42% 0.99% 0.00%  1.39% 1.41% 0.00%  

Total 
5.67% 2.83% 

1.33% 
9.83% 4.36% 2.21% 

0.79% 
7.37% 4.85% 2.65% 

1.31% 
8.80% 6.70% 3.22% 

1.59% 
11.51

% 

4. Plastics 

9. PETE 0.13% 0.05% 0.70%  0.17% 0.02% 0.44%  0.07% 0.05% 0.59%  0.14% 0.06% 0.88%  

10. HDPE 0.23% 0.07% 0.00%  0.19% 0.03% 0.00%  0.26% 0.09% 0.00%  0.22% 0.07% 0.00%  

11. Low quality plastics 4.30% 1.13% 0.00%  3.56% 0.93% 0.00%  3.75% 1.01% 0.00%  4.93% 1.28% 0.00%  

12. Other hard plastics 0.47% 0.46% 0.00%  0.25% 0.40% 0.00%  0.77% 0.31% 0.00%  0.42% 0.57% 0.00%  

Total 5.12% 1.70% 0.70% 7.52% 4.17% 1.37% 0.44% 5.97% 4.85% 1.46% 0.59% 6.90% 5.72% 1.98% 0.88% 8.57% 

5. Glass 

13. Clear Glass Container 0.56% 0.12% 0.16%  0.15% 0.08% 0.16%  0.29% 0.13% 0.11%  0.89% 0.14% 0.18%  

14. Coloured Glass Container 0.19% 0.00% 0.00%  0.00% 0.00% 0.00%  0.00% 0.00% 0.00%  0.38% 0.00% 0.00%  
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15. Miscellaneous 0.57% 0.00% 0.00%  0.05% 0.00% 0.00%  0.00% 0.00% 0.00%  1.10% 0.00% 0.00%  

Total 1.31% 0.12% 0.16% 1.60% 0.20% 0.08% 0.16% 0.43% 0.29% 0.13% 0.11% 0.54% 2.37% 0.14% 0.18% 2.69% 

6. Textiles 

16. Clothes 1.13% 0.05% 0.19%  1.13% 0.17% 0.02%  1.05% 0.02% 0.13%  1.17% 0.01% 0.30%  

17. Non-clothing 1.88% 0.56% 0.01%  1.51% 0.28% 0.06%  1.34% 0.45% 0.00%  2.32% 0.75% 0.00%  

Total 3.01% 0.61% 0.20% 3.82% 2.65% 0.45% 0.08% 3.18% 2.39% 0.47% 0.13% 2.99% 3.49% 0.76% 0.30% 4.56% 

7. Metals 

18. Ferrous 0.08% 0.04% 0.14%  0.22% 0.08% 0.13%  0.01% 0.02% 0.15%  0.04% 0.03% 0.14%  

19. Non-ferrous 0.01% 0.01% 0.00%  0.03% 0.01% 0.00%  0.00% 0.03% 0.00%  0.00% 0.01% 0.00%  

Total 0.09% 0.05% 0.14% 0.27% 0.25% 0.09% 0.13% 0.48% 0.01% 0.06% 0.15% 0.21% 0.04% 0.03% 0.14% 0.21% 

8. Hazardous  

20. Batteries/ Accumulators 0.00% 0.00% 0.01%  0.00% 0.00% 0.01%  0.00% 0.00% 0.02%  0.00% 0.00% 0.01%  

21. Misc. hazardous waste 0.03% 0.07% 0.07%  0.04% 0.01% 0.04%  0.05% 0.04% 0.06%  0.02% 0.12% 0.09%  

Total 0.03% 0.07% 0.08% 0.19% 0.04% 0.01% 0.05% 0.11% 0.05% 0.04% 0.08% 0.17% 0.02% 0.12% 0.10% 0.24% 

9. Composites 

22. packaging 0.49% 0.42% 0.63%  0.65% 0.45% 0.42%  0.54% 0.52% 0.63%  0.39% 0.36% 0.74%  

23. non-packaging 2.09% 0.20% 0.00%  3.05% 0.15% 0.00%  2.00% 0.21% 0.00%  1.68% 0.22% 0.00%  

Total 2.58% 0.63% 0.63% 3.84% 3.70% 0.61% 0.42% 4.72% 2.54% 0.73% 0.63% 3.90% 2.07% 0.58% 0.74% 3.40% 

10. WEEE 

24. Mixed WEEE 0.04% 0.01% 0.03%  0.00% 0.01% 0.09%  0.10% 0.02% 0.00%  0.03% 0.01% 0.02%  

Total 0.04% 0.01% 0.03% 0.09% 0.00% 0.01% 0.09% 0.10% 0.10% 0.02% 0.00% 0.13% 0.03% 0.01% 0.02% 0.06% 

11. Inerts 

25. Soil, Stones and other 

inerts 

0.69% 0.83% 
3.43% 

 0.23% 1.53% 
2.48% 

 0.28% 0.39% 
3.57% 

 1.12% 0.71% 
3.81% 

 

Total 0.69% 0.83% 3.43% 4.95% 0.23% 1.53% 2.48% 4.24% 0.28% 0.39% 3.57% 4.24% 1.12% 0.71% 3.81% 5.64% 

12. Biomedical  

26. Household health care 0.79% 0.38% 0.01%  0.62% 0.08% 0.03%  0.89% 0.35% 0.00%  0.81% 0.55% 0.01%  

Total 0.79% 0.38% 0.01% 1.18% 0.62% 0.08% 0.03% 0.73% 0.89% 0.35% 0.00% 1.24% 0.81% 0.55% 0.01% 1.37% 

13. Liquids Total 0.00% 0.00% 0.00% 0.27% 0.00% 0.00% 0.00% 0.21% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.44% 

TOTAL  
37.44% 20.33% 41.96% 100.00

% 

32.85% 25.74% 41.20% 100.00

% 

34.08% 17.80% 48.13% 100.00% 41.33% 19.08% 39.15% 100.00

% 
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Appendix I: Chemical composition data  

 

Sample 

Net 

Weight 

(kG) 

Moisture 

content 

% by 

mass 

Organic 

Dry 

Matter, 

% by 

mass 

Ash 

content, 

% by 

mass 

Total 

organic 

carbon 

(TOC), 

% by 

mass 

Total 

inorganic 

carbon 

(TIC),% 

by mass 

Phosphor

ous (as 

P2O5),% 

by mass 

Chloride 

(as Cl), 

% by 

mass 

Cadmium 

(as Cd)     

ppm 

Chromiu

m (as Cr)  

ppm 

Copper  

(as Cu) 

ppm 

Lead        

(as 

Pb) 

ppm 

Zinc  

(as Zn) 

ppm 

Mercur

y       

(as Hg) 

ppb 

Nitrogen

% by 

mass 

Carbon

% by 

mass 

Sulphur

% by 

mass 

Hydrogen 

% by mass 

Oxygen,% 

by 

difference 

Net 

calorific 

value 

NCV 

MJ/kG 

Gross 

calorific 

value 

GCV 

MJ/kG 

D2D Waste Stream Waste Fractions (Door to Door) 

>77 mm 7.48 32.45 59.70 7.85 55.60 0.18 0.22 0.04 0.09 11.15 9.50 13.55 244.80 16.70 1.13 49.40 0.36 7.30 41.82 25.40 14.31 

55-77 mm 9.36 34.20 61.21 4.59 37.20 0.07 0.24 0.03 <0.02 6.23 14.03 1.73 107.43 36.30 1.16 49.44 0.33 6.74 42.33 24.38 14.11 

14-55 mm 6.99 43.50 47.11 9.39 26.17 0.02 1.40 0.06 0.03 6.60 10.90 4.40 34.00 9.95 1.74 32.50 0.45 6.00 59.32 17.57 7.25 

<14 mm 11.09 36.05 57.51 6.44 24.42 0.03 0.26 0.05 0.04 9.65 20.85 14.20 103.05 35.30 1.73 29.99 0.34 4.93 63.01 16.19 8.61 

 
Waste Categories (Door to Door) 

Organics 6.04 57.95 37.56 4.50 25.15 0.02 0.56 0.06 0.10 14.40 8.90 15.95 35.30 12.90 2.10 39.68 0.41 6.38 51.43 20.95 6.53 

Paper 3.24 41.25 50.35 8.40 28.48 0.60 0.19 0.03 4.00 24.50 6.15 0.20 27.70 15.15 0.61 42.54 0.43 6.48 49.95 22.25 10.18 

Plastics 1.04 12.00 77.30 10.70 79.03 0.06 0.16 0.03 0.07 5.10 9.90 6.65 157.15 13.45 0.77 67.79 0.30 10.50 20.65 35.18 27.02 

Textiles 3.64 27.55 69.25 3.20 59.36 0.09 0.14 NIL 0.10 3.80 18.45 3.00 162.35 29.20 0.52 48.58 0.39 7.23 43.27 22.16 14.67 

Composites 1.64 12.65 71.73 15.62 43.94 0.27 0.17 0.035 1.40 5.80 15.65 4.60 49.65 8.45 0.35 62.05 0.25 8.19 29.16 32.92 23.81 

Liquids 7.70 84.48 14.17 1.35 31.76 0.03 0.34 0.950 <0.02 0.20 0.33 
<0.0

1 
1.45 19.28 2.18 41.87 0.57 7.52 47.86 23.02 1.20 

Litter Spots Waste Fractions (Litter Spots) 

>77 mm 
 

39,67 52,68 7,65 59,37 0,09 0,16 0,08 0,13 13,40 11,75 21,67 29,17 35,26 0,60 54,87 0,32 6,68 39,75 25,17 12,30 

55-77 mm 
 

67,67 27,13 5,21 42,45 0,01 0,38 0,48 0,12 3,02 16,85 42,77 20,17 3,88 1,25 39,08 0,38 5,66 53,62 20,50 3,86 

14-55 mm 
 

71,79 22,38 5,83 35,02 0,02 0,55 0,35 0,08 3,27 19,70 21,46 59,54 6,85 1,73 29,94 0,42 4,33 63,58 15,54 1,68 

<14 mm 
 

50,79 26,57 22,64 29,92 0,06 0,38 0,30 0,15 5,13 7,82 20,89 24,59 43,50 1,28 23,36 0,34 3,19 71,83 11,31 1,78 
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Waste Categories (Litter Spots) 

Organics 
 

71,30 20,44 8,26 38,71 0,08 0,24 0,54 0,36 10,81 9,51 11,6 40,99 21,66 2,08 33,99 0,41 3,76 59,76 17,39 1,86 

Paper 
 

52,00 40,45 7,55 42,50 0,20 0,22 0,23 0,26 2,96 18,72 52,7 19,16 11,80 0,55 40,98 0,32 5,96 52,20 21,32 7,36 

Plastics 
 

41,43 50,61 7,96 68,83 0,06 0,15 0,11 0,13 9,10 8,05 18,1 22,53 15,48 0,43 68,48 0,26 11,59 19,25 36,93 17,70 

Textiles 
 

41,16 55,50 3,34 61,85 0,04 0,08 0,07 0,11 9,64 19,01 105,9 12,65 7,13 0,42 53,44 0,32 5,84 39,99 25,23 13,06 

Composites 
 

19,39 69,83 10,78 50,49 0,28 0,24 0,40 0,23 1,93 18,21 31,3 151,8 31,72 0,86 55,88 0,24 7,36 35,67 27,79 18,88 

Liquids 
 

85,45 13,01 1,54 47,74 0,07 0,62 3,61 0,16 0,91 3,82 5,15 352,2 11,54 2,69 50,18 0,41 7,56 39,16 25,85 1,28 

Street Sweepings 
 

<14 mm 
 

26.25 10.97 62.78 14.36 0.24 0.30 0.06 0.14 5.24 17.77 20.2 44.07 32.03 0.72 25.11 0.152 3.29 70.73 11.75 0.65 

Organics 
 

62.23 30.04 7.73 37.16 0.03 0.90 0.06 0.19 4.89 12.08 18.8 32.15 38.95 1.07 21.21 0.235 2.82 74.67 10.50 1.63 
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Appendix J: Sampling Protocol 
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Appendix K:  Sampling procedure 

K 1   Sampling procedure for Door-to-Door waste stream 

K 1.1   Sampling plan for low density population strata of D2D stream 

Total number of bins (waste) required: 96 bins (1bin = 120 liters) 

Duration: 4 days (sorting) + 1 day (sample preparation) 

 

Day 1: 24 waste bins 

Select 24 alternate bins out of 96 bins and place them in two groups (Group 1= 11 bins & Group 2 = 13 bins). 

 

Group 1 (11 bins) 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 11 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 liters of the sample for >77mm fraction and 15 liters for each remaining fractions in a cool 

place with temperature ranging from 5-7 degree Celsius. 

 

Group 2 (13 bins) 

1. Weigh all the bins and document the relevant information in log book. 

2. The group of 13 bins must be screened through the mesh or trommel and the 4 fractions (>77mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77mm, 55-77mm, 14-55 mm must be combined). 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 

Days 2 to 4: 24 waste bins for each day 
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Repeat the above procedure on Day 2, 3 and 4. Total sampling plan for low density strata of D2D waste stream is 

summarized in table K 1 and figure K 1. 

 

Table K 1: Sampling plan for low density strata of D2D waste stream 

Day Total number of bins Group 1 (Screening) Group 2 
(Screening and sorting) 

Day 1 24 11 13 

Day 2 24 11 13 

Day 3 24 11 13 

Day 4 24 11 13 

Total 96 44 52 

 

Day 5: Sample preparation 

 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from day 1-4 and homogenize them) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm 

fraction and 60 litres (4 no. of 15 litre bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the 

samples and log the details. 

 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 4 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories in a 

cool place (5 - 7 °C). Label the samples and log the details. 
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Figure K 1: Workflow diagram for low density population strata of D2D waste stream 
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K 1.2 Sampling for medium density population strata of D2D stream 

 

Total number of waste bins required: 94 bins (1bin = 120 litres) 

Duration: 4 days (sorting) + 1 day (sample preparation) 

Day 1: 24 waste bins 

Select 24 alternate bins and place them in two groups (group 1 = 11bins & group 2= 13bins). 

Group 1 (of 11 bins) 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 10 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 litres of the sample for >77 mm fraction and 15 litres for remaining fractions in a cool place 

with temperature ranging from 5-7 degree Celsius. 

 

Group 2 (of 13 bins) 

1. Weigh all the bins and document all the relevant information in log book. 

2. The group of 13 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77 mm, 55-77 mm, 14-55 mm must be 

combined) 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 

 

Days 2-4: (day 2=24 bins, day 3=23 bins & day 4=23 bins) 
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Repeat the above procedure on Day 2, 3 and 4. Total sampling plan for medium density strata of D2D waste stream is 

summarized in table K 2 and figure K 2. 

 

Table K 2: Sampling plan for the medium density strata of D2D waste stream 

Day Total number of bins Group 1 (Screening) Group 2 

(Screening and sorting) 

Day 1 24 11 13 

Day 2 24 11 13 

Day 3 23 10 13 

Day 4 23 10 13 

Total 94 42 52 

 

Day 5: Sample preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from day 1-4 and homogenize them) and store approximately 120 litres (8 no. of 15 litres bins) of >77 mm 

fraction and 60 litres (4 no. of 15 litres bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the 

samples and log the details. 

 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 4 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litres bins) of all the 6 selected primary categories in a 

cool place (5-7 degree Celsius). Label the samples and log the details. 
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 Figure K 2: Workflow diagram for medium density population strata of D2D waste stream 
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K 1.3 Sampling for high density population strata of D2D stream 

Total number of waste bins: 143 bins (1bin = 120 litres) 

Duration: 6 days (sorting) + 1 day (sample preparation) 

 

Day 1: 24 waste bins 

Select 24 alternate bins and place them in two groups (group 1= 11 bins, group 2= 13 bins). 

 

Group 1 (of 11 bins) 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 13 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 litres of the sample for >77 mm fraction and 15 litres for remaining fractions in a cool place 

with temperature ranging from 5-7 degree Celsius. 

 

Group 2 (of 13 bins) 

1. Weigh all the bins and document all the relevant information in log book. 

2. The group of 15 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77 mm, 55-77 mm, 14-55 mm must be 

combined) 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 

Days 2-6: (day 2= 24 bins, day 3= 24 bins, day 4= 24 bins, day 5= 24 and day 6= 23 bins) 
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Repeat the above procedure on Day 2, 3, 4, 5 and 6. A complete sampling plan for the high density strata of D2D waste 

stream is summarized in table K 3 and figure K 3. 

 

Table K 3: Sampling plan for the high density strata of D2D waste stream 

Day Total number of bins Group 1 

(Screening) 

Group 2 

(Screening and sorting) 

Day 1 24 11 13 

Day 2 24 11 13 

Day 3 24 11 13 

Day 4 24 11 13 

Day 5 24 11 13 

Day 6 23 10 13 

Total 143 65 78 

 

 

Day 7: Sample preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from day 1-6 and homogenize them) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm 

fraction and 60 litres (4 no. of 15 litre bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the 

samples and log the details. 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 4 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories in a 

cool place (5-7 degree Celsius). Label the samples and log the details. 
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Figure K 3: Workflow diagram for high density population strata of D2D waste stream 
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K 2 Sampling procedure for Litter spots 

K 2.1 Sampling for low density strata of Litter Spots 

Total number of bins (waste): 58 bins (1bin = 120 liters) 

Duration: 4 days (sorting) + 1 day (sample preparation) 

 

Day 1: No. of bins (waste) - 15 

Select 15 alternate bins and place them in two groups (7bins, 8bins). 

 

Group 1 of 7 bins 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 7 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 liters of the sample for >77 mm fraction and 15 liters for each remaining fractions in a cool 

place with temperature ranging from 5-7 degree Celsius. 

 

Group 2 of 8 bins 

1. Weigh all the bins and document the relevant information in log book. 

2. The group of 8 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77 mm, 55-77 mm, 14-55 mm must be 

combined). 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 
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Days 2-4 

Repeat the above procedure on Day 2, 3 and 4. A complete sampling plan for the low density strata of Litter Spots is 

summarized in table K 4 and figure K 4. 

 

Table K 4: Sampling plan for the low density strata of Litter Spots 

Day Total no. of bins Group 1 

(screening) 

Group 2 

(Screening and sorting) 

Day 1 15 7 8 

Day 2 15 7 8 

Day 3 14 7 7 

Day 4 14 7 7 

Total 58 28 30 

 

Day 5: Sample preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from day 1-4) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm fraction and 60 litres (4 no. 

of 15 litre bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the samples and log the details. 

 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 4 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories in a 

cool place (5 - 7 °C). Label the samples and log the details. 
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Figure K 4: Workflow diagram for low density population strata of Litter Spots  
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K 2.2 Sampling plan for medium density strata of Litter Spots  

Total no. of bins (waste): 57 bins (1bin = 120 liters) 

Duration: 4 days (sorting) + 1 day (sample preparation) 

 

Day 1: No. of bins (waste) - 15 

Select 15 alternate bins out of 57 bins and place them in two groups (7bins, 8bins). 

 

Group 1 of 7 bins 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 7 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77mm, 14-55 

mm, <14mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 liters of the sample for >77 mm fraction and 15 liters for each remaining fractions in a cool 

place with temperature ranging from 5-7 degree Celsius. 

    

Group 2 of 8 bins 

1. Weigh all the bins and document the relevant information in log book. 

2. The group of 8 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77mm, 14-55 

mm, <14mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77 mm, 55-77mm, 14-55 mm must be combined) 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 

 

Days 2-4 
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Repeat the above procedure on Day 2, 3 and 4. A complete sampling plan for the medium density strata of Litter Spots is 

summarized in table K 5 and figure K 5. 

 

Table K 5: Sampling plan for the medium density strata of Litter Spots 

Day Total number of 

bins 

Group 1 

(screening) 

Group 2 

(Screening and sorting) 

Day 1 15 7 8 

Day 2 14 7 7 

Day 3 14 7 7 

Day 4 14 7 7 

Total 57 28 29 

 

Day 5: Sample preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from day 1-4) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm fraction and 60 litres (4 no. 

of 15 liters bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the samples and log the details. 

 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 4 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories in a 

cool place (5 - 7 °C). Label the samples and log the details. 
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Figure K 5: Workflow diagram for medium density strata of Litter Spots  
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K 2.3 Sampling procedure for high density strata of litter spots  

Total no. of bins (waste): 86 bins (1bin = 120 liters) 

Duration: 6 days (sorting) + 1 day (sample preparation) 

 

Day 1: No. of bins (waste) - 15 

Select 15 alternate bins out of 86 bins and place them in two groups (7 bins, 8 bins). 

 

Group 1 of 7 bins 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 7 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 liters of the sample for >77 mm fraction and 15 liters for each remaining fractions in a cool 

place with temperature ranging from 5-7 degree Celsius. 

 

Group 2 of 8 bins 

1. Weigh all the bins and document the relevant information in log book. 

2. The group of 8 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >80mm, 80-40mm and 40-10mm must be 

combined). 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 
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Days 2-6 

Repeat the above procedure for day 2-6. A complete sampling plan for the high density strata of Litter Spots is 

summarized in table K 6 and figure K 6. 

 

Table K 6: Sampling plan for the high density strata of Litter Spots  

Day Total number of bins Group 1 

(Screening) 

Group 2 

(Screening and sorting) 

Day 1 15 7 8 

Day 2 15 7 8 

Day 3 14 7 7 

Day 4 14 7 7 

Day 5 14 7 7 

Day 6 14 7 7 

Total 86 42 44 

 

Day 7: Sample preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from day 1-4) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm fraction and 60 litres (4 no. 

of 15 litre bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the samples and log the details. 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 4 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories in a 

cool place (5 - 7 °C). Label the samples and log the details. 
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Figure K 6: Workflow diagram for high density strata of litter spots  
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K 3 Sampling procedure for Street Sweepings 

K 3.1 Sampling of low density strata of Street Sweepings 

Total number of bins (waste): 39 bins (1bin = 120 liters) 

Duration: 2 days (sorting) + 1 day (sample preparation) 

 

Day 1: Wastes bins - 20 

Select 10 alternate bins out of 20 bins and place them in two groups (10bins, 10bins). 

 

Group 1 of 10 bins 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 10 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 liters of the sample for >77 mm fraction and 15 liters for each remaining fractions in a cool 

place with temperature ranging from 5-7 degree Celsius. 

 

Group 2 of 10 bins 

1. Weigh all the bins and document the relevant information in log book. 

2. The group of 10 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77 mm, 55-77 mm, 14-55 mm must be 

combined) 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 
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Day 2 

Repeat the above procedure on Day 2.  A complete sampling plan for the low density strata of Street Sweepings is 

summarized in table K 7 and figure K 7. 

 

Table K 7: Sampling plan for the low density strata of Street Sweepings 

Day Total no. of bins Group 1 

(screening) 

Group 2 

(Screening and sorting) 

Day 1 20 10 10 

Day 2 19 10 9 

Total 39 20 19 

 

 

Day 3: Sample preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from day 1-4) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm fraction and 60 litres (4 no. 

of 15 litre bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the samples and log the details. 

 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 2 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories in a 

cool place (5 - 7 °C). Label the samples and log the details. 
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Figure K 7: Workflow diagram for the low density strata of street sweeping  
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K 3.2 Sampling plan of medium density strata of Street Sweepings 

Total number of waste bins: 38 bins (1bin = 120 liters) 

Duration: 2 days (sorting) + 1 day (sample preparation) 

 

Day 1: Number of waste bins - 19 

Select 19 alternate bins out of 38 bins and place them into two groups (9 bins, 10 bins). 

 

Group 1 of 9 bins 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 9 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 liters of the sample for >77 mm fraction and 15 liters for each remaining fractions in a cool 

place with temperature ranging from 5-7 degree Celsius. 

 

Group 2 of 10 bins 

1. Weigh all the bins and document the relevant information in log book. 

2. The group of 10 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77 mm, 55-77 mm, 14-55 mm must be 

combined) 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 
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Day 2 

Repeat the above procedure on Day 2.  A complete sampling plan for the medium density strata of Street Sweepings is 

summarized in table K 8 and figure K 8. 

 

Table K 8: Sampling plan for the medium density strata of Street Sweepings 

Day Total number of bins Group 1 

(screening) 

Group 2 

(Screening and sorting) 

Day 1 19 9 10 

Day 2 19 9 10 

Total 38 18 20 

 

 

Day 3: Sample preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: Combine all the >77 mm 

fractions from both the days) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm fraction and 60 litres 

(4 no. of 15 liters bins) of the remaining fractions in a cool place (5-7 degree Celsius). Label the samples and log the 

details. 

 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from both the 

days must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories 

in a cool place (5 - 7 °C). Label the samples and log the details. 
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Figure K 8: Workflow diagram for medium density strata of Street Sweepings 
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K 3.3 Sampling plan for the high density strata of Street Sweepings 

 

Total no. of bins (waste): 57 bins (1bin = 120 liters) 

Duration: 3 days (sorting) + 1 day (sample preparation) 

 

Day 1: No. of bins (waste) - 19 

Select 9 alternate bins out of 19 bins and place them in two groups (9bins, 10bins). 

 

Group 1 of 9 bins 

1. Weigh all the bins and document all the relevant information in log book. 

2. The 9 selected bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. 

3. Combine the waste from each fraction of all the bins and prepare the sample using coning and quartering method (eg: 

All the >77 mm fractions must be combined). Weigh all the fractions and record the information. 

4. Store approximately 30 liters of the sample for >77 mm fraction and 15 liters for each remaining fractions in a cool 

place with temperature ranging from 5-7 degree Celsius. 

 

Group 2 of 10 bins 

1. Weigh all the bins and document the relevant information in log book. 

2. The group of 10 bins must be screened through the mesh or trommel and the 4 fractions (>77 mm, 55-77 mm, 14-55 

mm, <14 mm) must be separated. Weigh all the fractions and record the information. 

3. Sort the waste from each fraction (except <14 mm fraction) into different secondary categories as mentioned in the 

physical sorting catalogue (Appendix A) and weigh all the fractions. 

4. Combine them into 14 primary categories. Select 6 categories as per the chemical analysis catalogue and combine 

each category separately for all the fractions (eg: organic waste from >77 mm, 55-77 mm, 14-55 mm must be 

combined) 

5. Store approximately 15 litres of sample for each category in a cool place with temperature ranging from 5-7 degree 

Celsius. 
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Days 2-3 

Repeat the above procedure on Day 2 and 3.  A complete sampling plan for the high density strata of Street Sweepings is 

summarized in table K 9 and figure K 9. 

Table K 9: Sampling plan for the high density strata of Street Sweepings 

Day Total number of bins Group 1 

(screening) 

Group 2 

(Screening and sorting) 

Day 1 19 9 10 

Day 2 19 9 10 

Day 3 19 9 10 

Total 57 27 30 

 

 

Day 4: Sample Preparation 

Group 1 

Combine and homogenize the samples of different fractions from each day separately (eg: combine all the >77 mm 

fractions from day 1-3) and store approximately 120 litres (8 no. of 15 litre bins) of >77 mm fraction and 60 litres (4 no. 

of 15 litre bins) of the remaining fractions in a cool place (5 - 7 °C). Label the samples and log the details. 

 

Group 2 

Combine and homogenize the samples of different categories from each separately (eg: Organic fraction from all 3 days 

must be combined) and store approximately 15 litres (4 nos. of 15 litre bins) of all the 6 selected primary categories in a 

cool place (5 - 7 °C). Label the samples and log the details. 
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Figure K 9: Workflow diagram for high density strata of Street Sweepings
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Appendices Part II 

Appendix 1.1: Calculation Summary of Scenario One, Option One (Three Separate Bin System- Dry, Wet and Mixed Waste) 

 

 

 

 

Strata Collection 

Coverage

Waste 

Amount

Segregation 

rates

[% ] [ton/d] [% ]

15 634.3 - 712.2 1079 - 1291 421 - 359 211 - 180 422 - 360 3.6  3.1 498.9 - 425.6 150.3 - 128.3 11.7  10.0 92.4  78.8 8.6 - 7.3 104.1 - 88.8 420.6 - 358.8

LD 70% 191.5 10 635.7 - 714.3 1106 - 1313 419 - 358 210 - 179 420 - 358 3.6  3.1 497.0 - 423.6 149.6 - 127.5 11.6  9.9 92.0  78.4 8.5 - 7.3 103.6 - 88.3 419.0 - 357.2

5 637.1 - 716.4 1136 - 1341 418 - 357 209 - 179 418 - 358 3.6  3.1 494.6 - 423.6 148.9 - 127.5 11.6  9.9 91.5  78.4 8.5 - 7.3 103.1 - 88.3 417.0 - 357.2

15 636.2 - 714.2 883 - 1054 344 - 294 172 - 147 344 - 294 2.7  2.3 365.5 - 312.4 122.6 - 104.7 8.6  7.3 75.3  64.4 7.0 - 6.0 83.9 - 71.7 308.2 - 263.4

MD 70% 157.3 10 637.0 - 715.6 905 - 1074 344 - 293 172 - 147 344 - 294 2.7  2.3 365.5 - 312.4 122.6 - 104.7 8.6  7.3 75.3  64.4 7.0 - 6.0 83.9 - 71.7 308.2 - 263.4

5 637.8 - 717.1 932 - 1100 343 - 292 172 - 146 344 - 292 2.7  2.3 365.7 - 310.4 122.6 - 104.0 8.6  7.3 75.3  63.9 7.0 - 5.9 83.9 - 71.2 308.3 - 261.7

15 635.4 - 711.0 1030 - 1247 403 - 346 202 - 173 404 - 346 3.1  2.6 418.1 - 358.1 143.9 - 123.3 9.8  8.4 88.5  75.8 8.2 - 7.0 98.3 - 84.2 352.5 - 301.9

HD 60% 183.8 10 636.4 - 713.5 1055 - 1266 402 - 344 201 - 172 402 - 344 3.0  2.6 416.1 - 356.1 143.2 - 122.6 9.7  8.3 88.0  75.3 8.2 - 7.0 97.8 - 83.7 350.8 - 300.2

5 637.5 - 716.0 1088 - 1290 401 - 342 201 - 171 402 - 342 3.0  2.6 416.2 - 354.1 143.2 - 121.8 9.7  8.3 88.0  74.9 8.2 - 6.9 97.8 - 83.2 350.9 - 298.5

Total 532.6 10% 1909 - 2143 3066 - 3653 1165 - 995 583 - 498 1166 - 996 9.3  8.0 1279 - 1092 415.4 - 354.8 29.9  25.6 255.4  218.1 23.7 - 20.2 285.3 - 243.7 1078.1 - 920.8

Background Data

Waste density Dry : 120 - 150 [kg/m³] PCV Loading Capacity: 2 m3 Collection speed of PCV : 10 km/h

Wet : 350 - 400 [kg/m³] Collection frequency : 7 times/wk Transfer Speed of PCV : 19.2 km/h

Mixed : 230 - 270 [kg/m³] Fuel price : 64.2 INR/l Per-capita waste generation: 

Wet+mixed : 290 - 335 [kg/m³] Personnel cost : 100 INR/h LD : 0.52 kg/capita/d

Dry+mixed : 175 - 210 [kg/m³] PCV price : 2.85 Lac INR/PCV MD : 0.44 kg/capita/d

Waste composition [%  w/w] Dry Wet PCV working time : 4 h/d HD : 0.39 kg/capita/d

LD 34% 66% Man Power required : 2 person/PCV PCV fuel consumption : 20 km/l

MD 32% 68% Manpower working hr; 6 h/d CO2 emission factor : 2.31 kg CO2/l

HD 36% 64%

Weight 

loading per 

Fuel 

consumption

[kg/PCV] [l/d]

Total no. of 

PCV bins req.

Total 

collection 

Total no. of 

PCV 

Manpower 

required

Transport 

Work

[Mio. Km/yr][person/d]

Total 

CAPEX

Total OPEX

[Mio. INR/yr] [Mio. INR/yr]

CO2 Emission

[ton/yr]

Total Labor 

Cost

[Mio. INR/yr]

Total PCV 

Cost

Total Fuel 

Cost

[Mio. INR/yr][Mio. INR]
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Appendix 1.2: Calculation Summary of Scenario One, Option One (Three Separate Bin System- Dry, Wet and Mixed Waste) 

 

Strata Collection 

Coverage

Waste 

Amount

Collection 

frequency

Segregation 

rates

[% ] [ton/d] [times/wk] [% ]

15 1.1 - 1.7 10 - 8 20 - 16 0.4  0.3 197 - 182 14.9  14.9 6.0  4.8 4.6  4.3 16.1  12.8 4.1  3.9 20.7  17.1 165.9  153.3

7 10 1.1 - 1.7 9 - 10 18 - 20 0.4  0.4 204 - 236 14.9  14.9 5.4  6.0 4.8  5.5 14.5  16.1 4.0  4.1 19.2  21.6 171.6  198.6

5 1.1 - 1.7 9 - 10 18 - 20 0.4  0.4 203 - 234 14.9  14.9 5.4  6.0 4.7  5.5 14.5  16.1 4.0  4.1 19.2  21.5 171.0  197.5

15 2.6 - 3.9 9 - 9 18 - 18 0.4  0.4 200 - 196 14.9  14.9 5.4  5.4 4.7  4.6 14.5  14.5 3.6  3.6 19.1  19.0 168.9  164.9

LD 30% 89.5 254 762 3 10 2.6 - 3.9 9 - 9 18 - 18 0.4  0.4 227 - 233 14.9  14.9 5.4  5.4 5.3  5.5 14.5  14.5 3.6  3.6 19.8  19.9 191.7  196.4

5 2.6 - 3.9 10 - 11 20 - 22 0.5  0.6 267 - 311 14.9  14.9 6.0  6.6 6.2  7.3 16.1  17.7 3.7  3.7 22.3  25.0 225.0  262.3

15 3.9 - 5.9 10 - 13 20 - 26 0.4  0.5 211 - 281 14.9  14.9 6.0  7.8 4.9  6.6 16.1  20.9 3.5  3.6 21.0  27.5 178.2  236.8

2 10 3.9 - 5.9 10 - 10 20 - 20 0.5  0.5 263 - 263 14.9  14.9 6.0  6.0 6.2  6.2 16.1  16.1 3.5  3.5 22.2  22.2 221.8  221.6

5 3.9 - 5.9 10 - 10 20 - 20 0.5  0.6 280 - 310 14.9  14.9 6.0  6.0 6.6  7.3 16.1  16.1 3.5  3.5 22.6  23.3 236.1  261.2

15 2.6 - 4.0 4 - 5 8 - 10 0.1  0.2 71 - 96 5.1  14.9 2.4  3.0 1.7  2.2 6.4  8.0 1.5  1.6 8.1  10.3 59.7  80.5

7 10 2.6 - 4.0 4 - 4 8 - 8 0.1  0.2 80 - 86 5.1  14.9 2.4  2.4 1.9  2.0 6.4  6.4 1.5  1.5 8.3  8.4 67.4  72.3

5 2.6 - 4.0 4 - 4 8 - 8 0.1  0.2 79 - 94 5.1  14.9 2.4  2.4 1.9  2.2 6.4  6.4 1.5  1.5 8.3  8.6 66.6  79.2

15 6.2 - 9.3 4 - 6 8 - 12 0.2  0.3 105 - 145 5.1  14.9 2.4  3.6 2.4  3.4 6.4  9.6 1.3  1.4 8.9  13.0 88.2  122.4

MD 30% 73.5 88 264 3 10 6.2 - 9.3 5 - 6 10 - 12 0.2  0.3 108 - 139 5.1  14.9 3.0  3.6 2.5  3.2 8.0  9.6 1.3  1.4 10.6  12.9 91.0  116.9

5 6.2 - 9.3 4 - 4 8 - 8 0.2  0.2 100 - 124 5.1  14.9 2.4  2.4 2.4  2.9 6.4  6.4 1.3  1.3 8.8  9.3 84.7  104.2

15 9.2 - 13.9 5 - 7 10 - 14 0.3  0.4 141 - 225 5.1  14.9 3.0  4.2 3.3  5.3 8.0  11.2 1.3  1.3 11.3  16.5 118.8  190.1

2 10 9.2 - 13.9 4 - 7 8 - 14 0.2  0.4 128 - 207 5.1  14.9 2.4  4.2 3.0  4.8 6.4  11.2 1.2  1.3 9.4  16.1 107.7  174.3

5 9.2 - 13.9 4 - 6 8 - 12 0.2  0.4 124 - 193 5.1  14.9 2.4  3.6 2.9  4.5 6.4  9.6 1.2  1.3 9.3  14.2 104.2  162.8

15 5.1 - 7.6 5 - 5 10 - 10 0.2  0.2 103 - 124 4.9  14.9 3.0  3.0 2.4  2.9 8.0  8.0 1.5  1.5 10.4  10.9 87.0  104.5

7 10 5.1 - 7.6 5 - 5 10 - 10 0.2  0.2 106 - 119 4.9  14.9 3.0  3.0 2.5  2.8 8.0  8.0 1.5  1.5 10.5  10.8 89.7  100.7

5 5.1 - 7.6 4 - 4 8 - 8 0.2  0.2 98 - 113 4.9  14.9 2.4  2.4 2.3  2.6 6.4  6.4 1.4  1.4 8.7  9.1 82.3  95.0

15 11.8 - 17.8 7 - 6 14 - 12 0.4  0.4 211 - 244 4.9  14.9 4.2  3.6 4.9  5.7 11.2  9.6 1.4  1.3 16.2  15.3 178.0  205.5

HD 40% 133.7 84 252 3 10 11.8 - 17.8 6 - 5 12 - 10 0.4  0.4 196 - 216 4.9  14.9 3.6  3.0 4.6  5.0 9.6  8.0 1.3  1.3 14.2  13.1 165.6  181.8

5 11.8 - 17.8 6 - 6 12 - 12 0.3  0.4 188 - 209 4.9  14.9 3.6  3.6 4.4  4.9 9.6  9.6 1.3  1.3 14.0  14.5 158.9  176.4

15 17.8 - 26.7 6 - 7 12 - 14 0.5  0.5 248 - 284 4.9  14.9 3.6  4.2 5.8  6.6 9.6  11.2 1.2  1.3 15.4  17.9 209.1  239.4

2 10 17.8 - 26.7 7 - 6 14 - 12 0.4  0.4 233 - 244 4.9  14.9 4.2  3.6 5.5  5.7 11.2  9.6 1.3  1.2 16.7  15.3 196.9  205.5

5 17.8 - 26.7 5 - 7 10 - 14 0.4  0.4 208 - 225 4.9  14.9 3.0  4.2 4.9  5.3 8.0  11.2 1.2  1.3 12.9  16.5 175.4  190.0

Total 296.7 426 1278 7 10% 8.8 - 13.3 18 - 19 36 - 38 0.7  0.8 390 441 24.9  44.6 10.8  11.4 9.1  10.3 28.9  30.5 7.0  7.1 38.0  40.8 328.7  371.6

Background Data

Waste density Dry 120 - 150 [kg/m³] CBV Loading Capacity 15 m3 CBV fuel consumption 5 km/l

Wet 350 - 400 [kg/m³] CB price 19.5 1000 INR Per-capita waste generation: 

Mixed 230 - 270 [kg/m³] Fuel price 64.2 INR/l LD 0.52 kg/capita/d

Wet+mixed 290 - 335 [kg/m³] Personnel cost 100 INR/h MD 0.44 kg/capita/d

Dry+mixed 175 - 210 [kg/m³] CBV price 6 Lac INR/CBV HD 0.39 kg/capita/d

Waste composition [% w/w] Dry Wet CBV working time 22 h/d CO2 emission factor 2.31 kg CO2/l

LD 34% 66% Man Power required 2 person/CBV Radius for CB distanceLD 0.2 km

MD 32% 68% Manpower working hr 22 h/d MD 0.18 km

HD 36% 64% Collection speed of CBV 19.2 km/h HD 0.15 km

Total Labor 

Cost

Total 

CAPEX

Total OPEXTransport 

Work

No. of 

Collection 

Point

Total no. of 

CBV 

required

Vol. loading 

per CBV

Manpower 

required

Total CB costNo. of 

CB 

required [Mio. INR]

CO2 Emission

[m3/CBV] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [ton/yr]

Fuel 

consumption

Total CBV 

Cost

Total Fuel 

Cost
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Appendix 1.3: Calculation Summary of Scenario One, Option Two (Two Separate Bin System- Dry and Wet+Mixed Waste) 

Door-to-Door Collection system (60-70% of the total waste) 

 

 

  

Strata Collection 

Coverage

Waste 

Amount

Segregation 

rates

[% ] [ton/d] [% ]

15 727 - 817 831 - 973 349 - 300 175 - 150 349 - 300 3.1  2.7 425.6 - 365.6 124.4 - 106.9 10.0  8.6 76.5  65.7 7.1 - 6.1 86.4 - 74.3 358.8 - 308.2

LD 70% 191.5 10 737 - 828 796 - 925 343 - 295 171 - 148 343 - 295 3.1  2.6 418.8 - 360.6 122.1 - 105.1 9.8  8.4 75.0  64.6 7.0 - 6.0 84.8 - 73.0 353.1 - 304.0

5 748 - 838 761 - 877 336 - 290 168 - 145 336 - 290 3.0  2.6 412.4 - 355.6 119.8 - 103.3 9.7  8.3 73.7  63.5 6.8 - 5.9 83.3 - 71.8 347.7 - 299.8

15 728 - 819 679 - 794 286 - 246 143 - 123 286 - 246 2.2  1.9 307.5 - 264.1 101.9 - 87.5 7.2  6.2 62.6  53.8 5.8 - 5.0 69.8 - 60.0 259.3 - 222.7

MD 70% 157.3 10 738 - 829 651 - 756 281 - 242 140 - 121 281 - 242 2.2  1.9 302.3 - 260.3 100.1 - 86.2 7.1  6.1 61.5  53.0 5.7 - 4.9 68.6 - 59.1 254.9 - 219.5

5 748 - 839 623 - 718 276 - 238 138 - 119 276 - 238 2.2  1.9 297.3 - 256.7 98.3 - 84.9 7.0  6.0 60.4  52.2 5.6 - 4.8 67.4 - 58.2 250.6 - 216.4

15 725 - 819 795 - 938 336 - 287 168 - 143 336 - 287 2.6  2.2 350.5 - 298.8 119.8 - 102.2 8.2  7.0 73.7  62.8 6.8 - 5.8 81.9 - 69.8 295.6 - 252.0

HD 60% 183.8 10 736 - 829 762 - 890 330 - 282 165 - 141 330 - 282 2.5  2.2 343.7 - 294.6 117.4 - 100.6 8.0  6.9 72.2  61.9 6.7 - 5.7 80.2 - 68.8 289.8 - 248.4

5 747 - 839 729 - 843 323 - 278 162 - 139 323 - 278 2.5  2.1 337.1 - 290.4 115.1 - 99.2 7.9  6.8 70.8  61.0 6.6 - 5.7 78.7 - 67.8 284.3 - 244.9

Total 532.6 10% 2212 - 2485 2209 - 2572 953 - 819 477 - 410 953 - 819 7.8  6.7 1065 - 915 339.6 - 291.9 24.9  21.4 208.7  179.4 19.3 - 16.6 233.7 - 200.9 897.8 - 771.9

Background Data

Waste density Dry : 120 - 150 [kg/m³] PCV Loading Capacity: 2 m3 Collection speed of PCV : 10 km/h

Wet : 350 - 400 [kg/m³] Collection frequency : 7 times/wk Transfer Speed of PCV : 19.2 km/h

Mixed : 230 - 270 [kg/m³] Fuel price : 64.2 INR/l Per-capita waste generation: 

Wet+mixed : 290 - 335 [kg/m³] Personnel cost : 100 INR/h LD : 0.52 kg/capita/d

Dry+mixed : 175 - 210 [kg/m³] PCV price : 2.85 Lac INR/PCV MD : 0.44 kg/capita/d

Waste composition [%  w/w] Dry Wet PCV working time : 4 h/d HD : 0.39 kg/capita/d

LD 34% 66% Man Power required : 2 person/PCV PCV fuel consumption : 20 km/l

MD 32% 68% Manpower working hr; 6 h/d CO2 emission factor : 2.31 kg CO2/l

HD 36% 64%

[ton/yr]

CO2 Emission

[kg/PCV] [person/d] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total PCV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

Total OPEXWeight 

loading per 

Total no. of 

PCV bins req.

Total 

collection 

Total no. of 

PCV 

Manpower 

required

Transport 

Work
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Appendix 1.4: Calculation Summary of Scenario One, Option Two (Two Separate Bin System- Dry and Wet+Mixed Waste) 

 

Strata Collection 

Coverage

Waste 

Amount

Collection 

frequency

Segregation 

rates

[% ] [ton/d] [times/wk] [% ]

15 1.1 - 1.7 6 - 6 12 - 12 0.2 0.2 130 - 129 9.9  9.9 3.6  3.6 3.0  3.0 9.6  9.6 2.7  2.7 12.7  12.7 109.3  109.0

7 10 1.1 - 1.7 6 - 7 12 - 14 0.2 0.3 130 - 162 9.9  9.9 3.6  4.2 3.1  3.8 9.6  11.2 2.7  2.8 12.7  15.0 110.0  137.0

5 1.1 - 1.7 7 - 7 14 - 14 0.3 0.3 148 - 161 9.9  9.9 4.2  4.2 3.5  3.8 11.2  11.2 2.8  2.8 14.7  15.0 124.6  135.9

15 2.6 - 3.9 6 - 8 12 - 16 0.3 0.4 146 - 198 9.9  9.9 3.6  4.8 3.4  4.6 9.6  12.8 2.4  2.5 13.1  17.5 123.0  166.6

LD 30% 89.5 254 508 3 10 2.6 - 3.9 6 - 7 12 - 14 0.3 0.4 154 - 194 9.9  9.9 3.6  4.2 3.6  4.5 9.6  11.2 2.4  2.5 13.3  15.8 130.2  163.3

5 2.6 - 3.9 7 - 7 14 - 14 0.4 0.4 192 - 221 9.9  9.9 4.2  4.2 4.5  5.2 11.2  11.2 2.5  2.5 15.7  16.4 161.8  186.6

15 3.9 - 5.9 9 - 10 18 - 20 0.4 0.4 204 - 244 9.9  9.9 5.4  6.0 4.8  5.7 14.5  16.1 2.4  2.4 19.2  21.8 171.9  206.1

2 10 3.9 - 5.9 7 - 8 14 - 16 0.3 0.4 190 - 234 9.9  9.9 4.2  4.8 4.5  5.5 11.2  12.8 2.4  2.4 15.7  18.3 160.3  197.3

5 3.9 - 5.9 6 - 7 12 - 14 0.3 0.4 190 - 237 9.9  9.9 3.6  4.2 4.5  5.5 9.6  11.2 2.3  2.4 14.1  16.8 160.5  199.7

15 2.6 - 4.0 3 - 4 6 - 8 0.1 0.2 70 - 85 3.4  9.9 1.8  2.4 1.6  2.0 4.8  6.4 1.0  1.1 6.4  8.4 58.7  71.8

7 10 2.6 - 4.0 3 - 3 6 - 6 0.1 0.1 70 - 75 3.4  9.9 1.8  1.8 1.6  1.8 4.8  4.8 1.0  1.0 6.4  6.6 58.7  63.6

5 2.6 - 4.0 3 - 3 6 - 6 0.1 0.2 69 - 84 3.4  9.9 1.8  1.8 1.6  2.0 4.8  4.8 1.0  1.0 6.4  6.8 57.9  70.4

15 6.2 - 9.3 3 - 4 6 - 8 0.2 0.2 94 - 129 3.4  9.9 1.8  2.4 2.2  3.0 4.8  6.4 0.9  0.9 7.0  9.5 79.5  109.0

MD 30% 73.5 88 176 3 10 6.2 - 9.3 4 - 4 8 - 8 0.2 0.2 98 - 119 3.4  9.9 2.4  2.4 2.3  2.8 6.4  6.4 0.9  0.9 8.7  9.2 82.3  100.1

5 6.2 - 9.3 3 - 3 6 - 6 0.2 0.2 90 - 113 3.4  9.9 1.8  1.8 2.1  2.7 4.8  4.8 0.9  0.9 6.9  7.5 76.0  95.5

15 9.2 - 13.9 3 - 5 6 - 10 0.2 0.4 121 - 199 3.4  9.9 1.8  3.0 2.8  4.7 4.8  8.0 0.8  0.9 7.7  12.7 102.4  167.6

2 10 9.2 - 13.9 3 - 5 6 - 10 0.2 0.3 117 - 191 3.4  9.9 1.8  3.0 2.7  4.5 4.8  8.0 0.8  0.9 7.6  12.5 99.0  160.9

5 9.2 - 13.9 3 - 5 6 - 10 0.2 0.3 113 - 183 3.4  9.9 1.8  3.0 2.7  4.3 4.8  8.0 0.8  0.9 7.5  12.3 95.5  154.1

15 5.1 - 7.6 4 - 3 8 - 6 0.2 0.2 94 - 108 3.3  9.9 2.4  1.8 2.2  2.5 6.4  4.8 1.0  1.0 8.6  7.3 79.4  91.0

7 10 5.1 - 7.6 4 - 4 8 - 8 0.2 0.2 97 - 110 3.3  9.9 2.4  2.4 2.3  2.6 6.4  6.4 1.0  1.0 8.7  9.0 82.1  93.1

5 5.1 - 7.6 3 - 3 6 - 6 0.2 0.2 89 - 104 3.3  9.9 1.8  1.8 2.1  2.4 4.8  4.8 1.0  1.0 6.9  7.2 74.7  87.3

15 11.8 - 17.8 5 - 5 10 - 10 0.4 0.4 196 - 227 3.3  9.9 3.0  3.0 4.6  5.3 8.0  8.0 0.9  0.9 12.6  13.3 165.0  191.0

HD 40% 133.7 84 168 3 10 11.8 - 17.8 5 - 4 10 - 8 0.3 0.4 187 - 202 3.3  9.9 3.0  2.4 4.4  4.7 8.0  6.4 0.9  0.9 12.4  11.2 158.0  170.7

5 11.8 - 17.8 5 - 5 10 - 10 0.3 0.4 179 - 200 3.3  9.9 3.0  3.0 4.2  4.7 8.0  8.0 0.9  0.9 12.2  12.7 151.3  168.7

15 17.8 - 26.7 5 - 5 10 - 10 0.4 0.4 235 - 243 3.3  9.9 3.0  3.0 5.5  5.7 8.0  8.0 0.8  0.8 13.5  13.7 198.1  204.7

2 10 17.8 - 26.7 5 - 5 10 - 10 0.4 0.4 218 - 227 3.3  9.9 3.0  3.0 5.1  5.3 8.0  8.0 0.8  0.8 13.1  13.3 183.8  191.0

5 17.8 - 26.7 4 - 5 8 - 10 0.4 0.4 199 - 211 3.3  9.9 2.4  3.0 4.7  4.9 6.4  8.0 0.8  0.8 11.1  13.0 167.8  177.5

Total 296.7 426 852 7 10% 8.8 - 13.3 13 - 14 26 - 28 0.5  0.6 297 348 16.6  29.7 7.8  8.4 7.0  8.2 20.9  22.5 4.7  4.8 27.8  30.6 250.8  293.7

Background Data

Waste density Dry 120 - 150 [kg/m³] CBV Loading Capacity 15 m3 CBV fuel consumption 5 km/l

Wet 350 - 400 [kg/m³] CB price 19.5 1000 INR Per-capita waste generation: 

Mixed 230 - 270 [kg/m³] Fuel price 64.2 INR/l LD 0.52 kg/capita/d

Wet+mixed 290 - 335 [kg/m³] Personnel cost 100 INR/h MD 0.44 kg/capita/d

Dry+mixed 175 - 210 [kg/m³] CBV price 6 Lac INR/CBV HD 0.39 kg/capita/d

Waste composition [% w/w] Dry Wet CBV working time 22 h/d CO2 emission factor 2.31 kg CO2/l

LD 34% 66% Man Power required 2 person/CBV Radius for CB distanceLD 0.2 km

MD 32% 68% Manpower working hr 22 h/d MD 0.18 km

HD 36% 64% Collection speed of CBV 19.2 km/h HD 0.15 km

[Mio. INR/yr] [ton/yr]

Total OPEX CO2 Emission

[m3/CBV] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total CB cost Total CBV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

No. of 

Collection 

Point

No. of 

CB 

required

Vol. loading 

per CBV

Total no. of 

CBV 

required

Manpower 

required

Transport 

Work
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Appendix 1.5: Calculation Summary of Scenario One, Option Three (Two Separate Bin System- Wet and Dry+Mixed Waste) 

 

 

  

Strata Collection 

Coverage

Waste 

Amount

Segregation 

rates

[% ] [ton/d] [% ]

15 550 - 621 1251 - 1500 515 - 433 257 - 217 515 - 433 4.3  3.6 593.0 - 498.6 183.5 - 154.3 13.9  11.7 112.8  94.8 10.5 - 8.8 126.7 - 106.5 500.0 - 420.4

LD 70% 191.5 10 543 - 614 1333 - 1599 525 - 440 263 - 220 525 - 440 4.4  3.7 603.6 - 505.6 187.1 - 156.8 14.1  11.8 115.0  96.4 10.7 - 8.9 129.2 - 108.2 508.9 - 426.3

5 536 - 606 1419 - 1702 536 - 448 268 - 224 536 - 448 4.5  3.7 614.5 - 513.6 191.0 - 159.6 14.4  12.0 117.4  98.1 10.9 - 9.1 131.8 - 110.1 518.1 - 433.0

15 552 - 623 1025 - 1230 421 - 354 211 - 177 421 - 354 3.2  2.7 443.2 - 372.6 150.1 - 126.2 10.4  8.7 92.3  77.6 8.6 - 7.2 102.6 - 86.3 373.7 - 314.1

MD 70% 157.3 10 544 - 615 1093 - 1312 430 - 361 215 - 180 430 - 361 3.3  2.8 452.2 - 379.1 153.3 - 128.5 10.6  8.9 94.2  79.0 8.7 - 7.3 104.8 - 87.9 381.3 - 319.6

5 536 - 607 1164 - 1397 440 - 367 220 - 184 440 - 367 3.4  2.8 461.6 - 385.8 156.6 - 130.9 10.8  9.0 96.3  80.5 8.9 - 7.5 107.1 - 89.5 389.2 - 325.3

15 551 - 620 1199 - 1441 493 - 416 247 - 208 493 - 416 3.7  3.1 507.4 - 428.3 175.7 - 148.3 11.9  10.0 108.0  91.1 10.0 - 8.4 119.9 - 101.2 427.8 - 361.1

HD 60% 183.8 10 544 - 613 1278 - 1536 503 - 423 252 - 212 503 - 423 3.8  3.2 517.7 - 435.2 179.3 - 150.7 12.1  10.2 110.2  92.7 10.2 - 8.6 122.4 - 102.8 436.5 - 366.9

5 536 - 606 1361 - 1634 514 - 430 257 - 215 514 - 430 3.9  3.2 528.4 - 442.3 183.1 - 153.3 12.4  10.4 112.6  94.2 10.4 - 8.7 124.9 - 104.6 445.5 - 372.9

Total 532.6 10% 1631 - 1841 3705 - 4447 1459 - 1224 729 - 612 1459 - 1224 11.5  9.6 1573 - 1320 519.7 - 436.0 36.8  30.9 319.5  268.0 29.6 - 24.8 356.3 - 298.9 1326.7 - 1112.8

Background Data

Waste density Dry : 120 - 150 [kg/m³] PCV Loading Capacity: 2 m3 Collection speed of PCV : 10 km/h

Wet : 350 - 400 [kg/m³] Collection frequency : 7 times/wk Transfer Speed of PCV : 19.2 km/h

Mixed : 230 - 270 [kg/m³] Fuel price : 64.2 INR/l Per-capita waste generation: 

Wet+mixed : 290 - 335 [kg/m³] Personnel cost : 100 INR/h LD : 0.52 kg/capita/d

Dry+mixed : 175 - 210 [kg/m³] PCV price : 2.85 Lac INR/PCV MD : 0.44 kg/capita/d

Waste composition [%  w/w] Dry Wet PCV working time : 4 h/d HD : 0.39 kg/capita/d

LD 34% 66% Man Power required : 2 person/PCV PCV fuel consumption : 20 km/l

MD 32% 68% Manpower working hr; 6 h/d CO2 emission factor : 2.31 kg CO2/l

HD 36% 64%

[ton/yr]

CO2 Emission

[kg/PCV] [person/d] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total PCV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

Total OPEXWeight 

loading per 

Total no. of 

PCV bins req.

Total 

collection 

Total no. of 

PCV 

Manpower 

required

Transport 

Work
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Appendix 1.6: Calculation Summary of Scenario One, Option Three (Two Separate Bin System- Wet and Dry+Mixed Waste) 

 

Strata Collection 

Coverage

Waste 

Amount

Collection 

frequency

Segregation 

rates

[% ] [ton/d] [times/wk] [% ]

15 1.1 - 1.7 6 - 7 12 - 14 0.2  0.3 129.8 - 162.5 9.9  9.9 3.6  4.2 3.0  3.8 9.6  11.2 2.7  2.8 12.7  15.0 109.4  137.0

7 10 1.1 - 1.7 7 - 7 14 - 14 0.3  0.3 147.8 - 161.2 9.9  9.9 4.2  4.2 3.5  3.8 11.2  11.2 2.8  2.8 14.7  15.0 124.6  135.9

5 1.1 - 1.7 7 - 7 14 - 14 0.3  0.3 147.8 - 161.2 9.9  9.9 4.2  4.2 3.5  3.8 11.2  11.2 2.8  2.8 14.7  15.0 124.6  135.9

15 2.6 - 3.9 7 - 7 14 - 14 0.4  0.4 193.8 - 194.0 9.9  9.9 4.2  4.2 4.5  4.5 11.2  11.2 2.5  2.5 15.8  15.8 163.4  163.6

LD 30% 89.5 254 508 3 10 2.6 - 3.9 7 - 6 14 - 12 0.4  0.3 191.9 - 187.7 9.9  9.9 4.2  3.6 4.5  4.4 11.2  9.6 2.5  2.4 15.7  14.0 161.8  158.2

5 2.6 - 3.9 7 - 7 14 - 14 0.4  0.4 191.9 - 221.4 9.9  9.9 4.2  4.2 4.5  5.2 11.2  11.2 2.5  2.5 15.7  16.4 161.8  186.6

15 3.9 - 5.9 7 - 8 14 - 16 0.4  0.4 203.4 - 234.5 9.9  9.9 4.2  4.8 4.8  5.5 11.2  12.8 2.4  2.4 16.0  18.3 171.5  197.7

2 10 3.9 - 5.9 7 - 7 14 - 14 0.4  0.4 221.4 - 230.4 9.9  9.9 4.2  4.2 5.2  5.4 11.2  11.2 2.4  2.4 16.4  16.6 186.6  194.3

5 3.9 - 5.9 7 - 8 14 - 16 0.4  0.5 221.4 - 274.5 9.9  9.9 4.2  4.8 5.2  6.4 11.2  12.8 2.4  2.4 16.4  19.3 186.6  231.4

15 2.6 - 4.0 3 - 3 6 - 6 0.1  0.1 68.7 - 75.4 3.4  9.9 1.8  1.8 1.6  1.8 4.8  4.8 1.0  1.0 6.4  6.6 57.9  63.6

7 10 2.6 - 4.0 3 - 3 6 - 6 0.1  0.2 68.7 - 83.5 3.4  9.9 1.8  1.8 1.6  2.0 4.8  4.8 1.0  1.0 6.4  6.8 57.9  70.4

5 2.6 - 4.0 3 - 3 6 - 6 0.1  0.2 68.7 - 83.5 3.4  9.9 1.8  1.8 1.6  2.0 4.8  4.8 1.0  1.0 6.4  6.8 57.9  70.4

15 6.2 - 9.3 3 - 4 6 - 8 0.2  0.2 90.1 - 118.8 3.4  9.9 1.8  2.4 2.1  2.8 4.8  6.4 0.9  0.9 6.9  9.2 76.0  100.2

MD 30% 73.5 88 176 3 10 6.2 - 9.3 3 - 4 6 - 8 0.2  0.2 90.1 - 122.9 3.4  9.9 1.8  2.4 2.1  2.9 4.8  6.4 0.9  0.9 6.9  9.3 76.0  103.6

5 6.2 - 9.3 3 - 3 6 - 6 0.2  0.2 97.5 - 113.2 3.4  9.9 1.8  1.8 2.3  2.7 4.8  4.8 0.9  0.9 7.1  7.5 82.2  95.5

15 9.2 - 13.9 4 - 5 8 - 10 0.2  0.3 122.4 - 191.1 3.4  9.9 2.4  3.0 2.9  4.5 6.4  8.0 0.9  0.9 9.3  12.5 103.2  161.1

2 10 9.2 - 13.9 3 - 5 6 - 10 0.2  0.3 113.2 - 180.3 3.4  9.9 1.8  3.0 2.7  4.2 4.8  8.0 0.8  0.9 7.5  12.3 95.5  152.1

5 9.2 - 13.9 3 - 4 6 - 8 0.2  0.3 113.2 - 174.8 3.4  9.9 1.8  2.4 2.7  4.1 4.8  6.4 0.8  0.9 7.5  10.5 95.5  147.3

15 5.1 - 7.6 3 - 4 6 - 8 0.2  0.2 88.5 - 110.6 3.3  9.9 1.8  2.4 2.1  2.6 4.8  6.4 1.0  1.0 6.9  9.0 74.7  93.3

7 10 5.1 - 7.6 3 - 3 6 - 6 0.2  0.2 88.5 - 103.6 3.3  9.9 1.8  1.8 2.1  2.4 4.8  4.8 1.0  1.0 6.9  7.2 74.7  87.3

5 5.1 - 7.6 3 - 3 6 - 6 0.2  0.2 96.2 - 103.6 3.3  9.9 1.8  1.8 2.3  2.4 4.8  4.8 1.0  1.0 7.1  7.2 81.1  87.3

15 11.8 - 17.8 5 - 4 10 - 8 0.3  0.4 178.5 - 202.6 3.3  9.9 3.0  2.4 4.2  4.7 8.0  6.4 0.9  0.9 12.2  11.2 150.5  170.8

HD 40% 133.7 84 168 3 10 11.8 - 17.8 4 - 4 8 - 8 0.3  0.4 172.0 - 198.6 3.3  9.9 2.4  2.4 4.0  4.6 6.4  6.4 0.9  0.9 10.5  11.1 145.0  167.4

5 11.8 - 17.8 4 - 4 8 - 8 0.3  0.4 172.0 - 194.4 3.3  9.9 2.4  2.4 4.0  4.6 6.4  6.4 0.9  0.9 10.5  11.0 145.0  163.9

15 17.8 - 26.7 4 - 5 8 - 10 0.4  0.4 198.4 - 226.5 3.3  9.9 2.4  3.0 4.6  5.3 6.4  8.0 0.8  0.8 11.1  13.3 167.3  191.0

2 10 17.8 - 26.7 5 - 4 10 - 8 0.4  0.4 200.8 - 202.6 3.3  9.9 3.0  2.4 4.7  4.7 8.0  6.4 0.8  0.8 12.7  11.2 169.3  170.8

5 17.8 - 26.7 4 - 5 8 - 10 0.4  0.4 194.4 - 200.2 3.3  9.9 2.4  3.0 4.6  4.7 6.4  8.0 0.8  0.8 11.0  12.7 163.9  168.8

Total 296.7 426 852 7 10% 8.8 - 13.3 13 - 13 26 - 26 0.6  0.6 305.0 348.3 16.6  29.7 7.8  7.8 7.1  8.2 20.9  20.9 4.7  4.7 28.0  29.0 257.2  293.7

Background Data

Waste density Dry 120 - 150 [kg/m³] CBV Loading Capacity 15 m3 CBV fuel consumption 5 km/l

Wet 350 - 400 [kg/m³] CB price 19.5 1000 INR Per-capita waste generation: 

Mixed 230 - 270 [kg/m³] Fuel price 64.2 INR/l LD 0.52 kg/capita/d

Wet+mixed 290 - 335 [kg/m³] Personnel cost 100 INR/h MD 0.44 kg/capita/d

Dry+mixed 175 - 210 [kg/m³] CBV price 6 Lac INR/CBV HD 0.39 kg/capita/d

Waste composition [% w/w] Dry Wet CBV working time 22 h/d CO2 emission factor 2.31 kg CO2/l

LD 34% 66% Man Power required 2 person/CBV Radius for CB distanceLD 0.2 km

MD 32% 68% Manpower working hr 22 h/d MD 0.18 km

HD 36% 64% Collection speed of CBV 19.2 km/h HD 0.15 km

[Mio. INR/yr] [ton/yr]

Total OPEX CO2 Emission

[m3/CBV] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total CB cost Total CBV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

No. of 

Collection 

Point

No. of 

CB 

required

Vol. loading 

per CBV

Total no. of 

CBV 

required

Manpower 

required

Transport 

Work
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Appendix 2.1: Calculation Summary of Scenario Two, Option One (Three Separate Bin System- Dry, Wet and Mixed Waste) 

 

Strata Collection 

Coverage

Waste 

Amount

Collection 

frequency

Segregatio

n rates

[% ] [ton/d] [times/wk] [% ]

15 3.7 - 5.6 10 - 13 20 - 26 0.4  0.5 214 - 283 14.9  14.9 6.0  7.8 5.0  6.6 16.1  20.9 4.1  4.4 21.1  27.5 180.5  238.6

7 10 3.7 - 5.6 10 - 10 20 - 20 0.5  0.5 264 - 265 14.9  14.9 6.0  6.0 6.2  6.2 16.1  16.1 4.1  4.1 22.2  22.3 222.7  223.3

5 3.7 - 5.6 11 - 10 22 - 20 0.6  0.6 304 - 311 14.9  14.9 6.6  6.0 7.1  7.3 17.7  16.1 4.2  4.1 24.8  23.3 256.0  262.3

15 8.7 - 13.0 13 - 15 26 - 30 0.6  0.9 349 - 516 14.9  14.9 7.8  9.0 8.2  12.1 20.9  24.1 3.8  3.9 29.0  36.2 294.2  434.9

LD 100% 298.5 254 762 3 10 8.7 - 13.0 11 - 16 22 - 32 0.7  0.9 387 - 486 14.9  14.9 6.6  9.6 9.1  11.4 17.7  25.7 3.7  3.9 26.7  37.1 325.9  410.1

5 8.7 - 13.0 12 - 13 24 - 26 0.8  0.8 419 - 453 14.9  14.9 7.2  7.8 9.8  10.6 19.3  20.9 3.8  3.8 29.1  31.5 353.3  382.1

15 13.0 - 19.5 15 - 17 30 - 34 0.9  1.3 498 - 720 14.9  14.9 9.0  10.2 11.7  16.9 24.1  27.3 3.7  3.7 35.7  44.2 419.7  607.3

2 10 13.0 - 19.5 14 - 17 28 - 34 0.9  1.3 471 - 692 14.9  14.9 8.4  10.2 11.0  16.2 22.5  27.3 3.6  3.7 33.5  43.5 396.9  583.1

5 13.0 - 19.5 13 - 18 26 - 36 0.8  1.2 458 - 643 14.9  14.9 7.8  10.8 10.7  15.1 20.9  28.9 3.6  3.8 31.6  44.0 385.8  542.1

15 8.8 - 13.2 5 - 7 10 - 14 0.2  0.4 126 - 227 5.1  14.9 3.0  4.2 3.0  5.3 8.0  11.2 1.6  1.7 11.0  16.6 106.4  191.3

7 10 8.8 - 13.2 4 - 7 8 - 14 0.2  0.4 128 - 208 5.1  14.9 2.4  4.2 3.0  4.9 6.4  11.2 1.5  1.7 9.4  16.1 107.9  175.1

5 8.8 - 13.2 4 - 6 8 - 12 0.2  0.4 124 - 194 5.1  14.9 2.4  3.6 2.9  4.5 6.4  9.6 1.5  1.6 9.3  14.2 104.2  163.3

15 20.5 - 30.8 7 - 7 14 - 14 0.5  0.5 263 - 296 5.1  14.9 4.2  4.2 6.2  6.9 11.2  11.2 1.4  1.4 17.4  18.2 221.7  249.8

MD 100% 245.1 88 264 3 10 20.5 - 30.8 7 - 7 14 - 14 0.4  0.5 246 - 274 5.1  14.9 4.2  4.2 5.8  6.4 11.2  11.2 1.4  1.4 17.0  17.6 207.7  230.6

5 20.5 - 30.8 6 - 6 12 - 12 0.4  0.4 225 - 227 5.1  14.9 3.6  3.6 5.3  5.3 9.6  9.6 1.4  1.4 14.9  15.0 189.4  191.6

15 30.8 - 46.3 7 - 10 14 - 20 0.5  1.0 286 - 546 5.1  14.9 4.2  6.0 6.7  12.8 11.2  16.1 1.3  1.4 17.9  28.8 241.1  460.4

2 10 30.8 - 46.3 7 - 10 14 - 20 0.5  1.0 263 - 525 5.1  14.9 4.2  6.0 6.2  12.3 11.2  16.1 1.3  1.4 17.4  28.4 221.7  442.7

5 30.8 - 46.3 7 - 9 14 - 18 0.4  0.8 241 - 463 5.1  14.9 4.2  5.4 5.6  10.8 11.2  14.5 1.3  1.4 16.9  25.3 202.8  390.5

15 12.7 - 19.1 6 - 7 12 - 14 0.4  0.5 199 - 260 4.9  14.9 3.6  4.2 4.7  6.1 9.6  11.2 1.6  1.7 14.3  17.3 168.0  219.0

7 10 12.7 - 19.1 5 - 7 10 - 14 0.3  0.4 190 - 244 4.9  14.9 3.0  4.2 4.4  5.7 8.0  11.2 1.5  1.7 12.5  17.0 160.2  206.0

5 12.7 - 19.1 6 - 6 12 - 12 0.3  0.4 188 - 217 4.9  14.9 3.6  3.6 4.4  5.1 9.6  9.6 1.6  1.6 14.0  14.7 158.4  183.2

15 29.6 - 44.5 7 - 9 14 - 18 0.5  0.9 283 - 473 4.9  14.9 4.2  5.4 6.6  11.1 11.2  14.5 1.4  1.5 17.9  25.5 238.4  399.2

HD 100% 334.2 84 252 3 10 29.6 - 44.5 7 - 9 14 - 18 0.5  0.8 259 - 442 4.9  14.9 4.2  5.4 6.1  10.4 11.2  14.5 1.4  1.5 17.3  24.8 218.3  373.0

5 29.6 - 44.5 6 - 8 12 - 16 0.4  0.7 219 - 391 4.9  14.9 3.6  4.8 5.1  9.2 9.6  12.8 1.3  1.4 14.8  22.0 185.0  329.7

15 44.4 - 66.8 8 - 9 16 - 18 0.8  0.9 450 - 511 4.9  14.9 4.8  5.4 10.5  12.0 12.8  14.5 1.3  1.3 23.4  26.4 379.2  431.2

2 10 44.4 - 66.8 9 - 9 18 - 18 0.8  0.9 443 - 473 4.9  14.9 5.4  5.4 10.4  11.1 14.5  14.5 1.3  1.3 24.8  25.5 373.1  399.2

5 44.4 - 66.8 8 - 8 16 - 16 0.7  0.8 400 - 416 4.9  14.9 4.8  4.8 9.4  9.7 12.8  12.8 1.3  1.3 22.2  22.6 337.4  350.4

Total 877.7 426 1278 7 10% 25.2 - 37.9 19 - 24 38 - 48 1.1  1.3 582 717 24.9  44.6 11.4  14.4 13.6  16.8 30.5  38.5 7.1  7.5 44.1  55.3 490.8  604.5

Background Data

Waste density Dry 120 - 150 [kg/m³] CBV Loading Capacity 15 m3 CBV fuel consumption 5 km/l

Wet 350 - 400 [kg/m³] CB price 19.5 1000 INR Per-capita waste generation: 

Mixed 230 - 270 [kg/m³] Fuel price 64.2 INR/l LD 0.52 kg/capita/d

Wet+mixed 290 - 335 [kg/m³] Personnel cost 100 INR/h MD 0.44 kg/capita/d

Dry+mixed 175 - 210 [kg/m³] CBV price 6 Lac INR/CBV HD 0.39 kg/capita/d

Waste composition [% w/w] Dry Wet CBV working time 22 h/d CO2 emission factor 2.31 kg CO2/l

LD 34% 66% Man Power required 2 person/CBV Radius for CB distanceLD 0.2 km

MD 32% 68% Manpower working hr 22 h/d MD 0.18 km

HD 36% 64% Collection speed of CBV 19.2 km/h HD 0.15 km

Total Labor 

Cost

Total 

CAPEX

Total OPEXTransport 

Work

No. of 

Collection 

Point

Total no. of 

CBV 

required

Vol. loading 

per CBV

Manpower 

required

Total CB costNo. of 

CB 

required [Mio. INR]

CO2 Emission

[m3/CBV] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [ton/yr]

Fuel 

consumption

Total CBV 

Cost

Total Fuel 

Cost
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Appendix 2.2: Calculation Summary of Scenario Two, Option Two (Two Separate Bin System- Dry and Wet+Mixed Waste) 

 

Strata Collection 

Coverage

Waste 

Amount

Collection 

frequency

Segregation 

rates

[% ] [ton/d] [times/wk] [% ]

15 3.7 - 5.6 8 - 10 16 - 20 0.3 0.4 174 - 246 9.9  9.9 4.8  6.0 4.1  5.8 12.8  16.1 2.8  3.0 16.9  21.8 147.0  207.1

7 10 3.7 - 5.6 7 - 8 14 - 16 0.3 0.4 191 - 235 9.9  9.9 4.2  4.8 4.5  5.5 11.2  12.8 2.8  2.8 15.7  18.3 161.1  198.1

5 3.7 - 5.6 8 - 7 16 - 14 0.4 0.4 231 - 238 9.9  9.9 4.8  4.2 5.4  5.6 12.8  11.2 2.8  2.8 18.3  16.8 194.5  200.7

15 8.7 - 13.0 10 - 11 20 - 22 0.7 0.8 364 - 459 9.9  9.9 6.0  6.6 8.5  10.7 16.1  17.7 2.6  2.6 24.6  28.4 306.5  386.8

LD 100% 298.5 254 507 3 10 8.7 - 13.0 9 - 11 18 - 22 0.7 0.8 358 - 443 9.9  9.9 5.4  6.6 8.4  10.4 14.5  17.7 2.5  2.6 22.8  28.0 301.9  373.3

5 8.7 - 13.0 9 - 11 18 - 22 0.6 0.8 346 - 426 9.9  9.9 5.4  6.6 8.1  10.0 14.5  17.7 2.5  2.6 22.6  27.7 291.8  359.6

15 13.0 - 19.5 10 - 13 20 - 26 0.8 1.2 455 - 647 9.9  9.9 6.0  7.8 10.7  15.2 16.1  20.9 2.4  2.5 26.7  36.0 383.6  545.8

2 10 13.0 - 19.5 11 - 13 22 - 26 0.8 1.2 438 - 635 9.9  9.9 6.6  7.8 10.3  14.9 17.7  20.9 2.5  2.5 27.9  35.7 369.6  535.0

5 13.0 - 19.5 11 - 14 22 - 28 0.8 1.1 422 - 602 9.9  9.9 6.6  8.4 9.9  14.1 17.7  22.5 2.5  2.6 27.6  36.6 356.1  507.6

15 8.8 - 13.2 3 - 5 6 - 10 0.2 0.4 122 - 200 3.4  9.9 1.8  3.0 2.9  4.7 4.8  8.0 1.0  1.2 7.7  12.7 102.7  168.3

7 10 8.8 - 13.2 3 - 5 6 - 10 0.2 0.3 118 - 191 3.4  9.9 1.8  3.0 2.8  4.5 4.8  8.0 1.0  1.2 7.6  12.5 99.2  161.4

5 8.8 - 13.2 3 - 5 6 - 10 0.2 0.3 113 - 183 3.4  9.9 1.8  3.0 2.7  4.3 4.8  8.0 1.0  1.2 7.5  12.3 95.5  154.6

15 20.5 - 30.8 5 - 5 10 - 10 0.4 0.4 237 - 244 3.4  9.9 3.0  3.0 5.5  5.7 8.0  8.0 1.0  1.0 13.6  13.7 199.5  205.7

MD 100% 245.1 88 176 3 10 20.5 - 30.8 5 - 5 10 - 10 0.4 0.4 231 - 239 3.4  9.9 3.0  3.0 5.4  5.6 8.0  8.0 1.0  1.0 13.4  13.6 194.4  201.3

5 20.5 - 30.8 5 - 5 10 - 10 0.4 0.4 214 - 212 3.4  9.9 3.0  3.0 5.0  5.0 8.0  8.0 1.0  1.0 13.0  13.0 180.7  178.7

15 30.8 - 46.3 5 - 8 10 - 16 0.5 0.9 252 - 489 3.4  9.9 3.0  4.8 5.9  11.4 8.0  12.8 0.9  1.0 13.9  24.3 212.1  411.9

2 10 30.8 - 46.3 5 - 8 10 - 16 0.4 0.9 237 - 473 3.4  9.9 3.0  4.8 5.5  11.1 8.0  12.8 0.9  1.0 13.6  23.9 199.5  398.7

5 30.8 - 46.3 5 - 7 10 - 14 0.4 0.8 222 - 438 3.4  9.9 3.0  4.2 5.2  10.2 8.0  11.2 0.9  0.9 13.2  21.5 187.3  369.0

15 12.7 - 19.1 4 - 5 8 - 10 0.3 0.4 184 - 226 3.2  9.9 2.4  3.0 4.3  5.3 6.4  8.0 1.0  1.1 10.7  13.3 155.4  190.6

7 10 12.7 - 19.1 4 - 5 8 - 10 0.3 0.4 181 - 219 3.2  9.9 2.4  3.0 4.2  5.1 6.4  8.0 1.0  1.1 10.7  13.2 152.6  184.4

5 12.7 - 19.1 5 - 4 10 - 8 0.3 0.4 179 - 200 3.2  9.9 3.0  2.4 4.2  4.7 8.0  6.4 1.1  1.0 12.2  11.1 150.8  168.3

15 29.6 - 44.5 5 - 7 10 - 14 0.5 0.8 250 - 417 3.2  9.9 3.0  4.2 5.8  9.8 8.0  11.2 0.9  1.0 13.9  21.0 210.6  351.4

HD 100% 334.2 83 166 3 10 29.6 - 44.5 5 - 7 10 - 14 0.4 0.7 234 - 402 3.2  9.9 3.0  4.2 5.5  9.4 8.0  11.2 0.9  1.0 13.5  20.6 197.1  338.7

5 29.6 - 44.5 4 - 6 8 - 12 0.4 0.7 202 - 367 3.2  9.9 2.4  3.6 4.7  8.6 6.4  9.6 0.9  1.0 11.2  18.2 170.7  309.1

15 44.4 - 66.8 7 - 7 14 - 14 0.8 0.8 425 - 440 3.2  9.9 4.2  4.2 9.9  10.3 11.2  11.2 0.9  0.9 21.2  21.5 358.1  370.7

2 10 44.4 - 66.8 7 - 7 14 - 14 0.7 0.8 410 - 417 3.2  9.9 4.2  4.2 9.6  9.8 11.2  11.2 0.9  0.9 20.8  21.0 345.3  351.4

5 44.4 - 66.8 7 - 7 14 - 14 0.7 0.7 386 - 394 3.2  9.9 4.2  4.2 9.0  9.2 11.2  11.2 0.9  0.9 20.3  20.5 325.6  332.3

Total 877.7 425 849 7 10% 25.2 - 37.9 14 - 18 28 - 36 0.9  1.2 490 645 16.6  29.7 8.4  10.8 11.5  15.1 22.5  28.9 4.8  5.2 34.0  44.0 412.9  543.9

Background Data

Waste density Dry 120 - 150 [kg/m³] CBV Loading Capacity 15 m3 CBV fuel consumption 5 km/l

Wet 350 - 400 [kg/m³] CB price 19.5 1000 INR Per-capita waste generation: 

Mixed 230 - 270 [kg/m³] Fuel price 64.2 INR/l LD 0.52 kg/capita/d

Wet+mixed 290 - 335 [kg/m³] Personnel cost 100 INR/h MD 0.44 kg/capita/d

Dry+mixed 175 - 210 [kg/m³] CBV price 6 Lac INR/CBV HD 0.39 kg/capita/d

Waste composition [% w/w] Dry Wet CBV working time 22 h/d CO2 emission factor 2.31 kg CO2/l

LD 34% 66% Man Power required 2 person/CBV Radius for CB distanceLD 0.2 km

MD 32% 68% Manpower working hr 22 h/d MD 0.18 km

HD 36% 64% Collection speed of CBV 19.2 km/h HD 0.15 km

[Mio. INR/yr] [ton/yr]

Total OPEX CO2 Emission

[m3/CBV] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total CB cost Total CBV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

No. of 

Collection 

Point

No. of 

CB 

required

Vol. loading 

per CBV

Total no. of 

CBV 

required

Manpower 

required

Transport 

Work
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Appendix 2.3: Calculation Summary of Scenario Two, Option Three (Two Separate Bin System- Wet and Dry+Mixed Waste) 

 

Strata Collection 

Coverage

Waste 

Amount

Collection 

frequency

Segregation 

rates

[% ] [ton/d] [times/wk] [% ]

15 3.7 - 5.6 7 - 8 14 - 16 0.4  0.4 204.9 - 235.4 9.9  9.9 4.2  4.8 4.8  5.5 11.2  12.8 2.8  2.8 16.0  18.4 172.7  198.5

7 10 3.7 - 5.6 8 - 7 16 - 14 0.4  0.4 238.1 - 231.5 9.9  9.9 4.8  4.2 5.6  5.4 12.8  11.2 2.8  2.8 18.4  16.7 200.7  195.2

5 3.7 - 5.6 8 - 8 16 - 16 0.4  0.5 238.1 - 274.5 9.9  9.9 4.8  4.8 5.6  6.4 12.8  12.8 2.8  2.8 18.4  19.3 200.7  231.4

15 8.7 - 13.0 9 - 11 18 - 22 0.6  0.8 343.4 - 442.8 9.9  9.9 5.4  6.6 8.0  10.4 14.5  17.7 2.5  2.6 22.5  28.0 289.6  373.3

LD 100% 298.5 254 508 3 10 8.7 - 13.0 8 - 12 16 - 24 0.6  0.8 339.5 - 429.4 9.9  9.9 4.8  7.2 7.9  10.1 12.8  19.3 2.5  2.7 20.8  29.3 286.3  362.1

5 8.7 - 13.0 9 - 9 18 - 18 0.7  0.8 383.9 - 412.6 9.9  9.9 5.4  5.4 9.0  9.7 14.5  14.5 2.5  2.5 23.4  24.1 323.7  347.8

15 13.0 - 19.5 12 - 13 24 - 26 0.8  1.2 428.6 - 634.6 9.9  9.9 7.2  7.8 10.0  14.9 19.3  20.9 2.5  2.5 29.3  35.7 361.4  535.0

2 10 13.0 - 19.5 10 - 13 20 - 26 0.8  1.1 418.2 - 618.6 9.9  9.9 6.0  7.8 9.8  14.5 16.1  20.9 2.4  2.5 25.9  35.4 352.6  521.5

5 13.0 - 19.5 9 - 13 18 - 26 0.8  1.1 421.0 - 602.6 9.9  9.9 5.4  7.8 9.9  14.1 14.5  20.9 2.4  2.5 24.3  35.0 355.0  508.0

15 8.8 - 13.2 4 - 5 8 - 10 0.2  0.3 123.0 - 191.7 3.4  9.9 2.4  3.0 2.9  4.5 6.4  8.0 1.1  1.2 9.3  12.5 103.7  161.6

7 10 8.8 - 13.2 3 - 5 6 - 10 0.2  0.3 113.2 - 180.8 3.4  9.9 1.8  3.0 2.7  4.2 4.8  8.0 1.0  1.2 7.5  12.3 95.5  152.4

5 8.8 - 13.2 3 - 4 6 - 8 0.2  0.3 113.2 - 174.8 3.4  9.9 1.8  2.4 2.7  4.1 4.8  6.4 1.0  1.1 7.5  10.5 95.5  147.3

15 20.5 - 30.8 5 - 5 10 - 10 0.4  0.4 212.8 - 238.7 3.4  9.9 3.0  3.0 5.0  5.6 8.0  8.0 1.0  1.0 13.0  13.6 179.5  201.3

MD 100% 245.1 88 176 3 10 20.5 - 30.8 5 - 5 10 - 10 0.4  0.4 202.3 - 221.3 3.4  9.9 3.0  3.0 4.7  5.2 8.0  8.0 1.0  1.0 12.8  13.2 170.5  186.6

5 20.5 - 30.8 4 - 7 8 - 14 0.4  0.8 196.8 - 430.5 3.4  9.9 2.4  4.2 4.6  10.1 6.4  11.2 0.9  1.0 11.0  21.3 165.9  363.0

15 30.8 - 46.3 5 - 8 10 - 16 0.4  0.9 220.8 - 472.8 3.4  9.9 3.0  4.8 5.2  11.1 8.0  12.8 0.9  1.0 13.2  23.9 186.2  398.7

2 10 30.8 - 46.3 5 - 8 10 - 16 0.4  0.9 212.8 - 467.6 3.4  9.9 3.0  4.8 5.0  10.9 8.0  12.8 0.9  1.0 13.0  23.8 179.5  394.2

5 30.8 - 46.3 8 - 8 16 - 16 0.8  0.8 433.7 - 440.8 3.4  9.9 4.8  4.8 10.2  10.3 12.8  12.8 1.0  1.0 23.0  23.2 365.7  371.7

15 12.7 - 19.1 5 - 5 10 - 10 0.3  0.4 178.0 - 219.1 3.3  9.9 3.0  3.0 4.2  5.1 8.0  8.0 1.1  1.1 12.2  13.2 150.1  184.8

7 10 12.7 - 19.1 4 - 5 8 - 10 0.3  0.4 172.0 - 211.0 3.3  9.9 2.4  3.0 4.0  4.9 6.4  8.0 1.0  1.1 10.5  13.0 145.0  177.9

5 12.7 - 19.1 4 - 5 8 - 10 0.3  0.4 172.0 - 203.0 3.3  9.9 2.4  3.0 4.0  4.8 6.4  8.0 1.0  1.1 10.5  12.8 145.0  171.2

15 29.6 - 44.5 5 - 7 10 - 14 0.4  0.7 218.4 - 401.7 3.3  9.9 3.0  4.2 5.1  9.4 8.0  11.2 0.9  1.0 13.1  20.6 184.1  338.7

HD 100% 334.2 84 168 3 10 29.6 - 44.5 5 - 7 10 - 14 0.4  0.7 210.5 - 385.7 3.3  9.9 3.0  4.2 4.9  9.0 8.0  11.2 0.9  1.0 13.0  20.3 177.5  325.2

5 29.6 - 44.5 5 - 7 10 - 14 0.4  0.7 202.4 - 369.5 3.3  9.9 3.0  4.2 4.7  8.7 8.0  11.2 0.9  1.0 12.8  19.9 170.7  311.5

15 44.4 - 66.8 6 - 7 12 - 14 0.7  0.8 370.2 - 416.8 3.3  9.9 3.6  4.2 8.7  9.8 9.6  11.2 0.9  0.9 18.3  21.0 312.1  351.4

2 10 44.4 - 66.8 7 - 7 14 - 14 0.7  0.7 378.1 - 401.7 3.3  9.9 4.2  4.2 8.9  9.4 11.2  11.2 0.9  0.9 20.1  20.6 318.8  338.7

5 44.4 - 66.8 6 - 6 12 - 12 0.7  0.7 359.1 - 366.6 3.3  9.9 3.6  3.6 8.4  8.6 9.6  9.6 0.9  0.9 18.0  18.2 302.8  309.1

Total 877.7 426 852 7 10% 25.2 - 37.9 15 - 17 30 - 34 1.0  1.1 523.3 623.3 16.6  29.7 9.0  10.2 12.3  14.6 24.1  27.3 4.9  5.1 36.3  41.9 441.2  525.5

Background Data

Waste density Dry 120 - 150 [kg/m³] CBV Loading Capacity 15 m3 CBV fuel consumption 5 km/l

Wet 350 - 400 [kg/m³] CB price 19.5 1000 INR Per-capita waste generation: 

Mixed 230 - 270 [kg/m³] Fuel price 64.2 INR/l LD 0.52 kg/capita/d

Wet+mixed 290 - 335 [kg/m³] Personnel cost 100 INR/h MD 0.44 kg/capita/d

Dry+mixed 175 - 210 [kg/m³] CBV price 6 Lac INR/CBV HD 0.39 kg/capita/d

Waste composition [% w/w] Dry Wet CBV working time 22 h/d CO2 emission factor 2.31 kg CO2/l

LD 34% 66% Man Power required 2 person/CBV Radius for CB distanceLD 0.2 km

MD 32% 68% Manpower working hr 22 h/d MD 0.18 km

HD 36% 64% Collection speed of CBV 19.2 km/h HD 0.15 km

[Mio. INR/yr] [ton/yr]

Total OPEX CO2 Emission

[m3/CBV] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total CB cost Total CBV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

No. of 

Collection 

Point

No. of 

CB 

required

Vol. loading 

per CBV

Total no. of 

CBV 

required

Manpower 

required

Transport 

Work



      Appendices 

260 

 

Appendix 3.1: Calculation Summary of Scenario Three, Option One (Three Separate Bin System- Dry, Wet and Mixed Waste) 

 

 

 

  

Strata Collection 

Coverage

Waste 

Amount

Segregation 

rates

[% ] [ton/d] [% ]

15 634.3 - 712.2 1542 - 1844 601 - 513 301 - 257 602 - 514 5.0  4.2 678.8 - 579.6 214.5 - 183.1 15.9  13.6 131.8  112.6 12.2 - 10.4 147.7 - 126.1 572.3 - 488.7

LD 100% 273.6 10 635.7 - 714.3 1578 - 1875 599 - 511 300 - 256 600 - 512 4.9  4.2 676.9 - 577.6 213.8 - 182.4 15.8  13.5 131.4  112.1 12.2 - 10.4 147.2 - 125.7 570.7 - 487.0

5 637.1 - 716.4 1623 - 1915 597 - 509 299 - 255 598 - 510 4.9  4.2 674.9 - 575.6 213.0 - 181.7 15.8  13.5 131.0  111.7 12.1 - 10.4 146.8 - 125.2 569.0 - 485.3

15 636.2 - 714.2 1260 - 1506 491 - 420 246 - 210 492 - 420 3.7  3.2 513.6 - 438.4 175.3 - 149.6 12.0  10.3 107.7  92.0 10.0 - 8.5 119.8 - 102.2 433.0 - 369.6

MD 100% 224.6 10 637.0 - 715.6 1292 - 1536 491 - 419 246 - 210 492 - 420 3.7  3.2 513.6 - 438.4 175.3 - 149.6 12.0  10.3 107.7  92.0 10.0 - 8.5 119.8 - 102.2 433.0 - 369.6

5 637.8 - 717.1 1330 - 1571 490 - 418 245 - 209 490 - 418 3.7  3.2 511.6 - 436.4 174.6 - 148.9 12.0  10.2 107.3  91.5 9.9 - 8.5 119.3 - 101.8 431.3 - 368.0

15 635.4 - 711.0 1715 - 2078 671 - 576 336 - 288 672 - 576 5.0  4.3 686.1 - 588.1 239.4 - 205.2 16.1  13.8 147.2  126.1 13.6 - 11.7 163.2 - 139.9 578.5 - 495.8

HD 100% 306.3 10 636.4 - 713.5 1759 - 2109 669 - 573 335 - 287 670 - 574 5.0  4.3 684.1 - 586.1 238.7 - 204.5 16.0  13.7 146.7  125.7 13.6 - 11.7 162.7 - 139.4 576.8 - 494.2

5 637.5 - 716.0 1812 - 2151 668 - 570 334 - 285 668 - 570 5.0  4.2 682.2 - 582.1 238.0 - 203.1 16.0  13.6 146.3  124.8 13.6 - 11.6 162.3 - 138.5 575.2 - 490.8

Total 804.5 10% 1909 - 2143 4628 - 5519 1759 - 1503 881 - 753 1762 - 1506 13.7  11.7 1875 - 1602 627.7 - 536.5 43.9  37.5 385.9  329.8 35.8 - 30.6 429.8 - 367.3 1580.5 - 1350.8

Background Data

Waste density Dry : 120 - 150 [kg/m³] PCV Loading Capacity: 2 m3 Collection speed of PCV : 10 km/h

Wet : 350 - 400 [kg/m³] Collection frequency : 7 times/wk Transfer Speed of PCV : 19.2 km/h

Mixed : 230 - 270 [kg/m³] Fuel price : 64.2 INR/l Per-capita waste generation: 

Wet+mixed : 290 - 335 [kg/m³] Personnel cost : 100 INR/h LD : 0.52 kg/capita/d

Dry+mixed : 175 - 210 [kg/m³] PCV price : 2.85 Lac INR/PCV MD : 0.44 kg/capita/d

Waste composition [%  w/w] Dry Wet PCV working time : 4 h/d HD : 0.39 kg/capita/d

LD 34% 66% Man Power required : 2 person/PCV PCV fuel consumption : 20 km/l

MD 32% 68% Manpower working hr; 6 h/d CO2 emission factor : 2.31 kg CO2/l

HD 36% 64%

Weight 

loading per 

Fuel 

consumption

[kg/PCV] [l/d]

Total no. of 

PCV bins req.

Total 

collection 

Total no. of 

PCV 

Manpower 

required

Transport 

Work

[Mio. Km/yr][person/d]

Total 

CAPEX

Total OPEX

[Mio. INR/yr] [Mio. INR/yr]

CO2 Emission

[ton/yr]

Total Labor 

Cost

[Mio. INR/yr]

Total PCV 

Cost

Total Fuel 

Cost

[Mio. INR/yr][Mio. INR]
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Appendix 3.2: Calculation Summary of Scenario Three, Option Two (Two Separate Bin System- Dry and Wet+Mixed Waste) 

 

 

  

Strata Collection 

Coverage

Waste 

Amount

Segregation 

rates

[% ] [ton/d] [% ]

15 727 - 817 1187 - 1390 499 - 428 249 - 214 499 - 428 4.2  3.6 575.4 - 493.6 177.7 - 152.5 13.5  11.6 109.3  93.7 10.1 - 8.7 122.7 - 105.3 485.1 - 416.2

LD 100% 273.6 10 737 - 828 1137 - 1322 489 - 422 245 - 211 489 - 422 4.1  3.6 565.6 - 487.6 174.4 - 150.3 13.2  11.4 107.2  92.4 9.9 - 8.6 120.4 - 103.8 476.9 - 411.1

5 748 - 838 1087 - 1253 480 - 415 240 - 208 480 - 415 4.1  3.5 556.4 - 480.6 171.2 - 147.8 13.0  11.3 105.2  90.9 9.8 - 8.4 118.2 - 102.1 469.1 - 405.2

15 728 - 819 969 - 1134 409 - 351 204 - 175 409 - 351 3.1  2.7 430.1 - 369.4 145.6 - 125.0 10.1  8.6 89.5  76.9 8.3 - 7.1 99.6 - 85.5 362.6 - 311.4

MD 100% 224.6 10 738 - 829 930 - 1080 401 - 346 201 - 173 401 - 346 3.1  2.7 422.7 - 364.0 143.0 - 123.1 9.9  8.5 87.9  75.7 8.1 - 7.0 97.8 - 84.2 356.4 - 306.9

5 748 - 839 890 - 1026 394 - 340 197 - 170 394 - 340 3.0  2.6 415.5 - 358.8 140.4 - 121.3 9.7  8.4 86.3  74.5 8.0 - 6.9 96.1 - 82.9 350.3 - 302.5

15 725 - 819 1325 - 1563 561 - 478 280 - 239 561 - 478 4.2  3.6 574.8 - 490.0 199.7 - 170.3 13.5  11.5 122.8  104.7 11.4 - 9.7 136.2 - 116.1 484.6 - 413.1

HD 100% 306.3 10 736 - 829 1270 - 1484 549 - 471 275 - 235 549 - 471 4.1  3.5 563.4 - 482.9 195.7 - 167.7 13.2  11.3 120.3  103.1 11.2 - 9.6 133.5 - 114.4 475.1 - 407.1

5 747 - 839 1215 - 1405 539 - 464 269 - 232 539 - 464 4.0  3.5 552.6 - 476.0 191.9 - 165.3 12.9  11.1 117.9  101.6 10.9 - 9.4 130.9 - 112.7 465.9 - 401.3

Total 804.5 10% 2212 - 2485 3337 - 3886 1440 - 1238 720 - 619 1440 - 1238 11.3  9.7 1552 - 1334 513.1 - 441.2 36.3  31.2 315.4  271.2 29.2 - 25.1 351.7 - 302.5 1308.3 - 1125.2

Background Data

Waste density Dry : 120 - 150 [kg/m³] PCV Loading Capacity: 2 m3 Collection speed of PCV : 10 km/h

Wet : 350 - 400 [kg/m³] Collection frequency : 7 times/wk Transfer Speed of PCV : 19.2 km/h

Mixed : 230 - 270 [kg/m³] Fuel price : 64.2 INR/l Per-capita waste generation: 

Wet+mixed : 290 - 335 [kg/m³] Personnel cost : 100 INR/h LD : 0.52 kg/capita/d

Dry+mixed : 175 - 210 [kg/m³] PCV price : 2.85 Lac INR/PCV MD : 0.44 kg/capita/d

Waste composition [%  w/w] Dry Wet PCV working time : 4 h/d HD : 0.39 kg/capita/d

LD 34% 66% Man Power required : 2 person/PCV PCV fuel consumption : 20 km/l

MD 32% 68% Manpower working hr; 6 h/d CO2 emission factor : 2.31 kg CO2/l

HD 36% 64%

[ton/yr]

CO2 Emission

[kg/PCV] [person/d] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total PCV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

Total OPEXWeight 

loading per 

Total no. of 

PCV bins req.

Total 

collection 

Total no. of 

PCV 

Manpower 

required

Transport 

Work
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Appendix 3.3: Calculation Summary of Scenario Three, Option Three (Two Separate Bin System- Wet and Dry+Mixed Waste) 

 

 

Strata Collection 

Coverage

Waste 

Amount

Segregation 

rates

[% ] [ton/d] [% ]

15 550 - 621 1787 - 2143 736 - 618 368 - 309 736 - 618 5.9  5.0 813.8 - 683.6 262.1 - 220.2 19.1  16.0 161.1  135.3 14.9 - 12.5 180.2 - 151.3 686.1 - 576.4

LD 100% 273.6 10 543 - 614 1904 - 2285 750 - 629 375 - 315 750 - 629 6.0  5.1 828.7 - 694.6 267.3 - 224.1 19.4  16.3 164.3  137.8 15.2 - 12.8 183.7 - 154.0 698.7 - 585.6

5 536 - 606 2027 - 2432 766 - 640 383 - 320 766 - 640 6.2  5.2 844.2 - 705.6 272.8 - 228.0 19.8  16.5 167.7  140.2 15.5 - 13.0 187.5 - 156.7 711.8 - 594.9

15 552 - 623 1465 - 1757 602 - 506 301 - 253 602 - 506 4.6  3.8 623.7 - 524.3 214.4 - 180.2 14.6  12.3 131.8  110.8 12.2 - 10.3 146.4 - 123.1 525.9 - 442.1

MD 100% 224.6 10 544 - 615 1562 - 1874 615 - 515 307 - 258 615 - 515 4.6  3.9 636.6 - 533.6 218.9 - 183.5 14.9  12.5 134.6  112.8 12.5 - 10.5 149.5 - 125.3 536.7 - 449.9

5 536 - 607 1663 - 1996 628 - 525 314 - 262 628 - 525 4.7  4.0 650.0 - 543.3 223.7 - 187.0 15.2  12.7 137.5  114.9 12.7 - 10.7 152.7 - 127.7 548.0 - 458.1

15 551 - 620 1998 - 2402 822 - 694 411 - 347 822 - 694 6.1  5.2 836.2 - 705.7 292.8 - 247.1 19.6  16.5 180.0  151.9 16.7 - 14.1 199.6 - 168.4 705.0 - 595.0

HD 100% 306.3 10 544 - 613 2131 - 2560 839 - 705 419 - 353 839 - 705 6.2  5.2 853.3 - 717.2 298.9 - 251.2 20.0  16.8 183.7  154.4 17.0 - 14.3 203.7 - 171.2 719.4 - 604.7

5 536 - 606 2268 - 2724 857 - 717 428 - 359 857 - 717 6.4  5.3 871.1 - 729.1 305.2 - 255.4 20.4  17.1 187.6  157.0 17.4 - 14.6 208.0 - 174.1 734.5 - 614.7

Total 804.5 10% 1631 - 1841 5597 - 6719 2204 - 1849 1102 - 925 2204 - 1849 16.9  14.2 2318 - 1945 785.1 - 658.8 54.3  45.6 482.7  405.0 44.7 - 37.5 536.9 - 450.6 1954.8 - 1640.3

Background Data

Waste density Dry : 120 - 150 [kg/m³] PCV Loading Capacity: 2 m3 Collection speed of PCV : 10 km/h

Wet : 350 - 400 [kg/m³] Collection frequency : 7 times/wk Transfer Speed of PCV : 19.2 km/h

Mixed : 230 - 270 [kg/m³] Fuel price : 64.2 INR/l Per-capita waste generation: 

Wet+mixed : 290 - 335 [kg/m³] Personnel cost : 100 INR/h LD : 0.52 kg/capita/d

Dry+mixed : 175 - 210 [kg/m³] PCV price : 2.85 Lac INR/PCV MD : 0.44 kg/capita/d

Waste composition [%  w/w] Dry Wet PCV working time : 4 h/d HD : 0.39 kg/capita/d

LD 34% 66% Man Power required : 2 person/PCV PCV fuel consumption : 20 km/l

MD 32% 68% Manpower working hr; 6 h/d CO2 emission factor : 2.31 kg CO2/l

HD 36% 64%

[ton/yr]

CO2 Emission

[kg/PCV] [person/d] [Mio. Km/yr] [l/d] [Mio. INR] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr] [Mio. INR/yr]

Fuel 

consumption

Total PCV 

Cost

Total Fuel 

Cost

Total Labor 

Cost

Total 

CAPEX

Total OPEXWeight 

loading per 

Total no. of 

PCV bins req.

Total 

collection 

Total no. of 

PCV 

Manpower 

required

Transport 

Work


