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Abstract
The goal of the study was to find the per capita of solid waste generation 
in Tier-II city like Tumakuru. The study’s goal is to find out the solid waste 
generation within the High, Middle and Lower income groups (HIG, MIG, LIG) 
in the residential area of Tumakuru city, Karnataka, India. The rapid population 
growth urbanization, and industrialization that have raised the generation 
of solid waste of various types. The solid waste was collected directly from 
residents of three different income groups in the chosen residential wards. This 
study examines the solid waste generation for two distinct seasons (winter 
and summer) in 2023 and 2024, respectively. For all three different income 
groups, the total quantity of solid waste generated against 420 samples was 
699 kg. The average quantity of MSW generated was 1.66 kg/capita/day. 
The MIG producing the least amount of solid waste roughly 1.236 to 1.496 
kg/capita/day and the LIG producing the more solid waste of 1.766 to 2.137 
kg/capita/day. In terms of the overall amount of waste generated in the study 
area, the study discovered that the winter season generates the least amount 
of waste while the summer season generates the most. The waste generation 
revealed that Bio-degradable waste was produced in greater proportions and 
is therefore suitable for Composting. However the other Non Bio-degradable 
waste is thus suitable for Refuse Derived Fuel Facility (RDF).
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Introduction
Waste is an important raw material that is in the 
wrong place. and it is a by-product of living. Waste is 
being generated at a faster rate than urbanization.1 
Solid waste, which is typically thrown away as 
unwanted or useless and is frequently referred as 

the third form of pollution after air and water pollution. 
It is made up of incredibly diverse mass of urban 
waste-related materials.2 For developing nations 
like India, which has a large population density after 
China, there are industries, townships and urban 
settlements for the growth of the country. Due to the 
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unemployment problem for various reasons, there 
is a huge migration of residents from rural areas to 
urban areas leading to urban sprawl. Which in turn 
leads to a high quantity of Municipal solid waste 
(MSW) generation in major cities in India.3

MSW generation in cities of India is on the rise as a 
result of industrialization, urbanization, population 
growth, and the most significant environmental 
challenges facing the world today. As noted, improper  
handling of MSW can result in problems with the 
environment, public health, and the economy, making  
efficient waste management techniques imperative.4 
and how urban area’s rising per capita waste 
generation rates are caused by increased industrial 
development, fast population growth, and rising living  
standards. It draws attention to how different 
geographical areas have different compositions of  
solid waste due to influences from social behaviour, 
economic status, weather, and industrial output.4,5

Waste from multiple sources varies in their physical  
characteristics because they are highly hetero-
geneous. The composition of wastes like food 
waste, yard waste, wood, plastic, glass, metal, 
Batteries, paints, rubber, textiles, biomedical waste, 
and construction & demolishing waste would be 
difficult to segregate & classify as mixed waste 
hence it is a major drawback in the utilization of 
raw materials in further treatment process. Hence, 
source waste sorting & segregation is one of the 
traditional fractionation methods to provide potential 
data on waste generation, quality & quantity of the 
fractions.6,13-15,17,22,23

The primary components of urban waste are the 
same everywhere in the world, but the weight, 
density, and percentage of constituents vary greatly 
between nations and between towns within a nation 
based on factors like social conditions, geographic 
location, economic development, and weather.7,11-17 
Inadequate waste collection, segregation, transport, 
treatment, and disposal have severe impacts on the 
environment.8,25 Sustainable technology includes 
earthworm farming a bio-technique for converting 
solid waste such as sewage sludge, domestic waste 
or agricultural products waste into compost.1 In the 
majority of developing nations collection efficiency 
is about 60-70% but the same in developed nations 
it’s 100%. Even today in many cities there is no 

proper SWM and waste is dumped along roadsides, 
and open areas which contributes to an increase in 
Air pollution, and percolation of Leachate leads to 
groundwater contamination respectively.3,25 

Integrative solid waste management highlights 
the significance of MSW characterization for the 
design and execution of efficient waste management 
programs. Waste prevention, reduction, reuse, 
recycling (including Composting), incineration, and 
disposal at current landfills are emphasized as  
essential elements of ISWM. sustainable manage- 
ment of biodegradable waste and biodegradable 
Municipal Waste products has been made possible 
by the waste characterization.9,13 As reported by 
Central Pollution Control Board, MSW generation 
in the year 2019-20 was about 152076 tons per day 
and about 127486 tons per day in 2010-2011 in India. 
Total MSW generation in Karnataka was 11958 tons 
per day and of which 10011 tons per day is collected 
and 4515 tons per day is treated. Mostly, all Urban 
local bodies gather mixed waste and transport to 
the processing plants or Landfill sites. Wherever 
processing plants are established, segregation is 
done at the processing plants, otherwise, mixed 
solid waste is dumped in the landfill sites without 
processing.7,8

Problem Statement
In Karnataka, solid waste management is a 
concerningly big problem in fast-growing cities like 
Tumakuru, which is close to the state capital. The 
Tumakuru City Corporation (TCC) main project is 
MSW Management. This procedure comprises the 
collection of waste from all homes, businesses, 
and other sources. Next, the waste is taken to the 
transfer stations, and lastly, to the disposal locations. 
Over time, Tumakuru's infrastructure, business, 
and population have all expanded steadily, and 
waste production has also increased along with 
consumption and production. Prior to 2011, the city 
of Tumakuru was dealing with a serious shortage 
of infrastructure for the processing and disposal  
of MSW, as well as the absence of a standard 
dump site. In late 2014, a 42-acre dumpsite 
was established at Ajjagondanahalli. All of the 
waste was taken to the private agency-managed  
Doddabalapur dump yard and disposed of along 
the city's NH-4 road and roadside. According to the 
records of the City Corporation, an estimated 131 
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TPD of MSW is generated, of which 118 TPD are 
collected with an efficiency of 90%. Increased waste 
generation raises the problem of efficient waste 
collection and transportation, which urban local 
bodies are responsible for handling. Out of 35 wards, 
only 15 practice door-to-door collection, based on 
our preliminary data and research. By analyzing the 
various waste types produced in the city, this study 
aids in the creation of appropriate technologies for 
the scientific treatment of waste. The study's primary 
goals are to ascertain the factors influencing waste 
management, describe and explain the current 
waste management system and practices, and offer 
suggestions for the efficient and long-term growth of 
Tumakuru City's solid waste management system.

Materials and Methods
Study Area
Tumakuru is the head quarter town of the district. 
Tumakuru is a land –locked district, has no natural 
features like rivers or mountain dividing it from other 
districts of the state. It is one of the thirty districts in 
the state of Karnataka, bounded by Chitradurga and 
Anantapur districts in the north, Mandya district in 
the South, Kolar and Bangalore districts in the East 
and Hassan district in the West. Tumakuru spanning 
a geographical area of 10598 km2 and the district 
stretched between the latitudinal parallels of 12° 45ˈ 
to 14° 20ˈ N and the longitudinal meridians of 76° 
20ˈ to 77° 31ˈ E.

With the exception of the northernmost portion, 
the district's climate is generally pleasant and 
comparable to Bangalore's district. However, the 
climate in the north of Sira and the Pavagada 
region is similar to that of Chitradurga district, with 
somewhat hotter summers. Annual Rainfall in the 
district amounts to 687.9 mm per year. Temperatures 
range from 35°C to 41°C at their highest, and during 
the cold season, they can drop as low as 9°C to 
10°C.9

The standard sampling and methods were adopted 
in the study. Totally 35 wards are there in Tumakuru 
city, out of which, 3 wards were selected for the study. 
The study was carried out based on preliminary 
survey, socio-economic category, population density, 
schools, colleges, and hospitals are considered to 
get representative results in the study. In all three 
wards, 10 households were selected randomly 

from each socioeconomic category. A total of 420 
samples were collected during both the seasons 
(winter and summer) from the three sampling 
areas. The households selected were informed and 
provided with carry bags for a week and weighed 
separately on a calibrated digital scale and recorded 
in datasheets.

There are 35 wards in Tumakuru City Corporation, 
out of which, 3 wards were selected for the study. 
The study was carried out based on preliminary 
questionnaire survey, the representative three 
wards were selected to carry out the sampling in 
Tumakuru City. Solid waste generation in different 
socio-economic category based on their average 
monthly income, three income groups (HIG, MIG, 
LIG) were separated before collection of solid waste 
samples in each household for one week to get 
representative results in the study.10,13 A total of 420 
samples were collected during both the seasons 
(winter and summer) from the three sampling areas.  
The households selected were informed and provided  
with carry bags for a week and weighed separately 
on a calibrated digital scale and recorded in 
datasheets.

Average per capita Household waste generation rate 
per day = Sum of the Waste Accumulating in 7days/ 
No of Days X No of person in the Household 

Total MSW Generated (tonnes/day) = MSW generation  
capita X Total Population
         
Results and Discussions
MSW generation amounts in each household across 
all three different income groups (HIG,MIG,LIG) 
during the winter and summer seasons (Table 1, 
2 and 3). Seven days solid waste was gathered 
for each income group and quantified in both the 
seasons every day for a week, which comes to 210 
samples for each season. Tumakuru city generated 
700 kg of solid waste from all the three different 
income groups(HIG, MIG, LIG) during winter and 
summer seasons.11,12

MSW generation amounts in each household across 
all three different income groups during the winter 
and summer seasons (Table 1, 2 and 3). Seven days  
solid waste was gathered for each income group 
and quantified in both the seasons every day for 
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Table 1: Total MSW and TPCD generated by each Household in High income wards during 
Winter and Summer seasons

No. of	 No of	        Total MSW (kg)	          TPCD (kg)
House	 household	
-holds	 Members	 Winter 	 Summer 	 Winter 	 Summer 
		  (Mean ±SD)	 (Mean ±SD)	 (Mean ±SD)	 (Mean ±SD)

HH1	 4	 8.824 ± 0.095	 9.445±0.104	 0.315 ±0.023	 0.337±0.026
HH2	 5	 9.106 ± 0.097	 12.175±0.060	 0.260 ±0.019	 0.347±0.012
HH3	 6	 14.089 ± 0.090	 15.416±0.087	 0.335 ±0.014	 0.367±0.014
HH4	 5	 9.411 ± 0.120	 12.24±0.103	 0.268 ± 0.023	 0.349±0.020
HH5	 6	 14.202 ± 0.132	 15.321±0.098	 0.338 ±0.021	 0.364±0.016
HH6	 6	 14.463 ± 0.095	 15.487±0.062	 0.344 ±0.015	 0.368±0.010
HH7	 4	 8.853 ± 0.137	 9.416±0.036	 0.316 ±0.034	 0.336±0.009
HH8	 5	 10.172 ± 0.073	 12.03±0.121	 0.290 ±0.014	 0.343±0.024
HH9	 5	 9.316 ± 0.082	 12.13±0.131	 0.266 ±0.016	 0.346±0.026
HH10	 5	 10.032 ± 0.143	 12.28±0.078	 0.286 ±0.028	 0.350±0.015
Total	 51	 108.468	 125.94	 0.303	 0.351
Total No. of Samples	 70	 70	 70	 70

Table 2: Total MSW and TPCD generated by each Household in Medium income wards during 
Winter and Summer seasons

No. of	 No of	        Total MSW (kg)	          TPCD (kg)
House	 household	
-holds	 Members	 Winter 	 Summer 	 Winter 	 Summer 
		  (Mean ±SD)	 (Mean ±SD)	 (Mean ±SD)	 (Mean ±SD)

HH1	 5	 7.611 ±0.109	 7.828±0.089	 0.217  ±0.021	 0.223±0.017
HH2	 4	 8.727 ±0.134	 9.131±0.045	 0.311 ±0.033	 0.326±0.011
HH3	 3	 7.684 ±0.123	 8.299±0.167	 0.365 ±0.041	 0.395±0.055
HH4	 6	 11.302 ±0.085	 15.361±0.279	 0.269 ±0.014	 0.365±0.046
HH5	 4	 8.612 ±0.132	 9.026±0.087	 0.307 ±0.033	 0.322±0.021
HH6	 7	 14.527 ±0.282	 19.66±0.318	 0.296 ±0.040	 0.401±0.045
HH7	 4	 8.207 ±0.155	 9.23±0.095	 0.293 ±0.038	 0.329±0.023
HH8	 3	 7.095 ±0.083	 8.276±0.093	 0.337 ±0.027	 0.394±0.031
HH9	 3	 3.555 ±0.028	 8.2±0.080	 0.169 ±0.009	 0.390±0.026
HH10	 5	 9.264 ±0.163	 9.76±0.178	 0.264 ±0.032	 0.278±0.035
Total	 44	 86.584	 104.771	 0.283	 0.342
Total No. of Samples	 70	 70	 70	 70

a week, which comes to 210 samples for each 
season. Tumakuru city generated 699.086 kg of 
solid waste from all the three different income 
groups (HIG,MIG,LIG) during winter and summer 
seasons.11,12,18-20,24,25,27 By taking into account the 

mean of the total weight of the winter and summer 
seasons for each of the three different income groups 
(HIG,MIG,LIG), the average household composition 
value for MSW per capita was calculated for both 
the seasons. 
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Table 3: Total MSW and TPCD generated by each Household in low income wards during 
Winter and Summer Seasons

No. of	 No of	        Total MSW (kg)	          TPCD (kg)
House	 household	
-holds	 Members	 Winter 	 Summer 	 Winter 	 Summer 
		  (Mean ±SD)	 (Mean ±SD)	 (Mean ±SD)	 (Mean ±SD)

HH1	 6	 12.582 ± 0.085	 14.654±0.123	 0.299 ±0.014	 0.348±0.020
HH2	 5	 11.427 ±0.111	 13.749±0.096	 0.326 ±0.022	 0.392±0.019
HH3	 7	 12.7 ±0.078	 15.885±0.106	 0.259 ±0.011	 0.324±0.015
HH4	 6	 12.855 ±0.086	 15.524±0.136	 0.306 ±0.014	 0.369±0.022
HH5	 5	 11.503 ±0.105	 13.775±0.052	 0.328 ±0.021	 0.393±0.010
HH6	 8	 13.068 ±0.179	 16.39±0.105	 0.233 ±0.022	 0.292±0.013
HH7	 6	 12.892 ±0.109	 15.43±0.144	 0.306 ±0.018	 0.367±0.024
HH8	 7	 11.727 ±0.099	 15.06±0.058	 0.239 ±0.014	 0.307±0.008
HH9	 5	 11.868 ±0.125	 14.16±0.122	 0.339 ±0.025	 0.404±0.024
HH10	 6	 13.054 ±0.140	 15.02±  0.165	 0.310 ±0.023	 0.357±0.027
Total	 61	 123.676	 149.647	 0.294	 0.360
Total No. of Samples	 70	 70	 70	 70

Fig. 1: Average MSW Generation Per day and 
Per capita in Winter season

Fig. 2: Average MSW Generation Per day and 
Per capita in Summer season

The average amount of MSW produced daily for 
an individual person was 1.66 kg/capita/day. The 
study highlighted that, high income group generated 
approximately 1.55 and 1.8 kg of waste/capita/day 
during winter and summer respectively. And the 
middle income group generated 1.24 and 1.5 kg/
capita/day, while the low income group generated 
1.77 and 2.12 kg/capita/day of solid waste during 
winter and summer respectively (Figure 1 and 2). In 
both the seasons, however, there was no significant 
variation in the MSW generation rate per person 

per day across the three income groups day.8 The 
MSW generation was highest in summer compared 
to the winter season. This could be because highest 
consumption of fresh juice, drinks, fruits and 
vegetables, which in turn produces more MSW in 
summer. A tier II city, Tumakuru generates roughly 
about 141 TPD. Tumakuru's MSW generation was 
lower than that of tier II cities like Davangere and 
Shivamogga.11,12 Further, it is evidenced that all 
capital cities in India generated more MSW than tier 
II cities4. The city may produce more MSW because 
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of its proximity to the capital city and placed in 
National Highway-4 result in faster growth in terms 
of population and urbanization and industrialization.

The study is graphically depicted in Figures 1 
and 2. The average amount of MSW produced 
daily for an individual person was 1.66 kg/capita/
day. According to the study, during the winter and 
summer, the high income group (HIG) generated 
approximately 1.55 and 1.8 kg/capita/day and the 
middle income group (MIG) generated 1.24 and 
1.5 kg/capita/day respectively, while the low income 
group (LIG) generated 1.77 and 2.12 kg/capita/day 
of waste. ( Fig. 1 and 2 ). This information can be 
utilized to determine the best methods to treat the 
MSW. In both the seasons, however, there was 
no significant variation in the MSW generation 
rate per person per day across the three income 
groups.8 The MSW generation was highest in the 
summer compared to the winter season. This could 
be because more fresh juice, drinks, fruits and 
vegetables are consumed, which in turn produces 
more MSW. A tier II city, Tumakuru generates 
roughly 141 TPD. Similar MSW generation studies 
performed in Davangere, Shivamogga, Guwahati, 
Visakhapatnam,Ujjain,Varanasi and the results 
reported were lower when compared to Davangere, 
Shivamogga, Guwahati, Visakhapatnam, Ujjain, 
indore, Kochi and Varanasi.11,12,18-20-28 Further evidence  
that all capital cities Like Bangalore, Mumbai, Jaipur 
etc generated more MSW than tier II cities.4,18,19 The 
city may produce more MSW because of its proximity 
to the capital city as well as the speed at which it is 
becoming industrialized and urbanized.
	
Conclusions and Recommendations
The Tier–II city like Tumakuru generating MSW was 
highest in LIG which is nearly 1.77 to 2.1 kg/capita/
day compared to other income groups. The least 
amount of MSW was generated in MIG is about 1.2 
to 1.5 kg/capita/day in Tier-II city like Tumakuru. This 
will cause poor management I tier-II cities, due to 
shortage of suitable infrastructure for MSW collection, 
transportation, processing and disposal of waste 
scientifically. Based on the study about 65% of the 
Total MSW was generated from household. Waste 

can be managed through composting and other 
process in Tumakuru city. It was also suggested that 
total quantity of waste generated in the Tumakuru 
city can be managed by having a landfilling and also  
by setting up a zero waste management plant. 
Segregation of waste at source with twin bins having 
segregated waste transportation vehicles to increase 
the processing efficiency. It is also noteworthy for 
creating awareness among the public.
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