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A B S T R A C T 

Inadequate solid waste management poses risks to residents and impacts the natural environment 
negatively. The purpose of the study is to determine quantitative characteristics of Municipal solid 
waste (MSW) along with present management practices of Bikaner city in the Thar Desert of 
Rajasthan. The study was conducted to discover the attributes of the types of Municipal solid 
waste and analyze the various routes, collection and dumping locations of the city of Bikaner. By 
implication, these research statistics indicate that the households mostly discarded food waste 
(34%), Glass, Tin, Cane (5%) and plastics (15%) while paper and carton (15%) and Textiles (7%), 
Demolition and construction (20%) and other (4%). The composition of MSW shows mostly 
organic matter (34%), so composting is a good method for this approach to restoring soil 
mitigation. A questionnaire has been prepared for 320 household surveys in this estimated quantity 
of daily waste collection frequency, disposal, income, type of waste etc. However, 34% from 
households discarded organic waste and therefore it is possible to safely manage these wastes with 
composting process for this approach to restoring soil mitigation. The Arc Geographic Information 
System (GIS) network has been used to retrieve analyze transportation routes, collection points, 
and disposal sites. The waste generation rate of MSW has been approximated at 0.46 
kg/capita/day, and the total amount has been noted as 300 metric tonnes per day of MSW in 
Bikaner city. 
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Introduction  

In today’s time, many developing countries 

are facing serious problem of solid wastes, 

Municipal Solid Waste Management 

(MSWM) is not only of urban local bodies 

rather the biggest challenge in the world 

(Bhide and Sundersan, 1983). Along with 

this, legal, socio-cultural, economic and 

political factors influence MSWM (Kumar, 

et al. 2005). Day by day quantity of waste is 

increasing, which require more land and 

resources to manage. Due to increasing 

quantity of complex waste, its management 

becomes more challenging task (Idris et al. 

2004). The source of MSW include 

residential (single and multifamily 

dwellings), Institutional (schools, Hospitals, 

government centers), commercial (stores, 

hotel, restaurants, markets, office building, 

etc. (J.G. Speight, 2015). Along with this 

street cleaning, parks concept of smart cities, 

new construction sites, demolition of city 

infrastructure and old buildings are 

contributing larger level of MSW. In many 

Indian cities MSW is dump in the open space 

so as to create ecological imbalance with 

respect to land, water and air pollution. 

Volume of Solid waste in 1947 was 6 million 

annual which has increased up to 48 million 

tonnes annually. Its volume is likely to 

increase to 300 million annual by 2047 

(Sharholy, et al. 2007). The proper 

management of solid waste machinery 

installation is mandatory for proper 

management in cities. Rapid development 

and changing lifestyle have changed the 

composition of waste from predominantly 

organic to predominantly plastic, paper and 

packaging material, they are making storage 

and organization systems more sophisticated 

and costly. It is also obligatory to be 

attentive of the characteristics of MSW for 

sustainable environment. The amount waste 

is only increasing day by day in cities and 

towns, due to which the availability of land 

for its disposal is decreasing simultaneously. 

Therefore, the aim of the present study to 

determine basic information as well as 

quantitative information of MSW along with 

the resent management practices, which is 

required for better MSW management 

Material and Methods 

In the first phase of the study, a survey of 

various sources of solid waste generators 

types, quantity, collection and transportation, 

disposal etc. conduct and different parts of 

Bikaner city including, households, 

industries, hospitals, vegetable markets, 

institutions, construction sites etc. To 

understand the types of solid waste produced 

by various sources, a questionnaire survey 

was carried out on 320 randomly selected 

houses in various parts of city and (Raje, et 

al. 2001). A questionnaire was prepared 

according to CPCB guideline using door to 

door surveying in order to obtain data about 

MSW type’s quantity, daily disposal, 

collection frequency and satisfactions level, 

etc. The data collected from the survey was 

analyzed using Microsoft Excel for calculate 

simple statistics supported by photographs. 

In the second phase of the study, Arc GIS 

was to create maps for MSWM. The original 

map of Bikaner city was scanned and 

registered/geo-referenced to specify its 

location by inputting coordinates. 

Subsequently collected data of collection 

routes, and disposal sites were given as input 

parameters for the generation of MSWM 
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maps for Bikaner city using Arc GIS applications (Vijay, et. al. 2008). 

Study Area 

Bikaner city is located at 28°10'N and 

73°19'E in the Great Indian Thar Desert of 

Rajasthan, India (Fig.1). The city was 

founded by Rao Bika in the year 1486. It has 

hot semi- arid climate while rainfall is less 

whereas temperature is very extreme. The 

climatic condition of Bikaner is arid, with 

significant variations in the temperature. In 

the summer season it is very hot when 

temperature lies in the range of 25°C to 

50°C. In winters, it is very cold and 

temperature lies in the range of -2°C to 23°C. 

The annual average rainfall is ranging from 

260 mm to 440 mm. The population of 
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Bikaner city according to census 2011 is 6.44 

lakhs Table 1 (BMC, 2015). Bikaner city is 

spread over the area of 270 Square Kilometer 

out of which the area of Municipal 

Corporation is about 155 sq. km. (BMC, 

2015). The density of city is 4157 persons 

per sq.km. Which is very high when 

compared to state average of 201 persons per 

sq.km (Census of India, 2011) with 

population estimate of 6.44 lakhs (BMC, 

2021). According the Bikaner Municipal 

Corporation, generation rate of solid waste is 

300 metric tons per day in Bikaner city 

(BMC, 2021). 

Year Population Decadal Growth Rate 

1961 150,600 - 

1971 208,900 38.7% 

1981 2,80,400 34.2% 

1991 4,16,300 48.5% 

2001 5,29,690 27.2% 

2011 6,44,406 21.7% 

Table 1: Decadal Growth Rate of human in Bikaner 

City. 

Geographic Information system (GIS) 

Arc GIS is a complete and integrated system 

for the creation, management, integration, 

and analysis of geographic data. It consists of 

a geo - referenced spatial database, which 

includes all required parameters for MSWM. 

Arc - GIS has the capability to input and 

store the geographic (coordinate) and tabular 

(attribute) data, to find specific features 

based on location or attribute value, to 

answer questions regarding the interaction 

between multiple data sets, to visualize 

geographic features using a variety of 

symbols and to display the results in a 

variety of formats, such as maps and graphs. 

The Arc GIS includes three integrated 

applications, i.e., Arc Map, Arc Catalog and 

Arc Toolbox. Arc Map is the primary GIS 

Application for performing analysis and 

making maps, it is used for displaying, 

querying, editing, creating and analyzing 

GIS data. Arc Catalog application helps to 

organize and manage all GIS data. It includes 

tools for browsing and finding geographic 

information, recording and viewing 

metadata, quickly viewing any data set and 

defining the schema structure for geographic 

data layers. Arc Toolbox application 

provides tools for data conversion, managing 

coordinate systems, and changing map 

projections (ESRI, 2003). 

Result and Discussion 

Currently severity of waste problem in city 

can be understood by the fact that Bikaner 

city produces about 300 metric tonnes per 

day of solid waste in Bikaner city (District 

Environmental Plan, 2021) as shown in 

Table 2. 

Characteristics Quantity 
Total solid waste 

generation 
300  MT/day 

Quantity of dry waste to be 
generated 

160.59 MT/day 

Quantity of Wet waste to 
be generated 

142.41 MT/day 

Quantity of C & D waste to 
be generated 

30 MT/day 

Quantity of street sweeping Not estimated 
Quantity of drain silt Not estimated 
Quantity of domestic 

hazardous waste collected 
0.002 MT/day 

Quantity of other waste Not estimated 
Number of old dump sites 2 (Gogagate,Karmisar) 

Quantity stored in dump 
sites 

Gogagate, Near Vallabh 
Garden, Karmisar, Shiv 

valley, fulnath bhagichi and 
some unauthorized dumping 

sites are also in city. 
Number of wards 80 

Table 2: Present Status of total solid waste generation in 
Bikaner city 

Note* currently near Vallabh garden is authorized 
exiting dump site in the city from 2021 and area is 2 
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hectare. Rest of other dumpsite has been closed and 
people dump their waste illegally. 
The percentage of recyclable materials 

(glass, paper, plastic, metals, etc.) has been 

found to be very low. This may be due to rag 

pickers, who collect and segregate recyclable 

materials from streets, collection points and 

disposal sites. It is also revealed that 66.4% 

of people living in houses dispose their 

garbage daily, in which 20% are disposing 

waste in containers, whereas 4.2% are 

disposing on the streets. The results from 

data analysis in GIS are products of the 

appropriate format maps concerning static 

and dynamic parameters of the MSWM 

problem, such as the collection and transport 

and their routes, and the number of disposal 

sites and their attributes (Fig. 2). The 

locations of these depots are scattered, and 

cover only 40% of total area. These 

parameters involve collection points, 

transportation road network, as well as the 

location and capacity of disposal site and its 

connection Fig 2 and 3. 

  

Fig. 2: Location of Municipal solid waste depots along with the routes in Bikaner city 

On an average, around 70% of the waste is 

collected and dispose off by the municipality 

as the dumping ground. While 30% waste 

recycle and segregated by the rag pickers as 

shown in plate 1 and 2. 
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Fig. 3: Location of Municipal solid waste Routes for collection of waste in Bikaner city 1 

 
Plate 1: Municipal solid waste collection by JCB from collection point 
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Plate 2: Municipal Solid waste dispose at dump site at Karmisar area, Bikaner 

Characteristics 
of waste 

Type and source of wastes In (%) 

Organic Waste Organic waste products such as, cattle manure, slaughter house waste, 
vegetable waste, fruit peels and pits, dried leaves and natural fibers, wood. 
Tree trimmings, general wastes from parks, dairies, spoiled food wastes, 
agriculture wastes. 

34% 

Carton & paper Residential (Single and multifamily dwellings), Commercial (Stores, 
hostels, restaurants, markets, office buildings, etc), Institutional (Schools, 
hospitals, prisons, government centre). 

15% 

plastic (bag, 
bottle, polythene) 

Food wrappers & containers, Bottle & container caps, plastic bags, Straws 
and Stirrers, packaged & Fast Food Industry, hospital waste, plastic carry 
bag, milk ouches, and pipes.  

15% 

Metal, tin cans Industrial process wastes, scrap material, Heavy and light manufacturing, 
metals, special wastes (e.g. Bulky items, consumer electronics, batteries ) 
from residential 

2% 

Glass Primary sources include soft drink bottles jars of food, cosmetic and other 
products, Housekeeping wastes, Schools, Hospitals, prisons, Government 
centers 

3% 

Textile rags Discarded clothing, although other smaller sources include furniture, 
carets, tires, footwear and other nondurable goods such as sheets and 
towels. There also is data specific to clothing and footwear, and to towels, 
sheets and pillow cases. Wholesaler and Trader of cotton waste, cotton 
hand gloves, cloth waste. 

7% 

Demolition and 
construction 
waste  

Waste from the construction, remodeling and repairing of residential, 
commercial and industrial building and similar structures are classified as 
construction waste include dirt, stones, concrete, bricks, plaster lumber, 
shingles and electrical parts. 

20% 

Other Bricks, fine dust, rubber ,stone cutting waste wood, leather, foam etc. 4% 
Table 3: Characteristics of the Municipal solid waste in Bikaner city. 
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34.68%

19.06%

29.68%

16.58%

0.00%
5.00%

10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%

Staisfacation Level of 
collection service

The dumping ground is located in ward 

number 18 which is close to the town and is 

named Gogagate dumping ground. While by 

implication, these research statistics indicate 

that the households discarded 34% organic 

matter, Glass, Tin, cane (5%) and plastics 

(15%) while paper and carton (15%), textile 

rags (7%) while demolition and construction 

(20%)  and 4% other materials (bricks, fine 

dust, rubber, wood, leather, foam, etc.) as 

shown in Table 3 and Fig. 4. 

 

 

 

 

 

 

 

 

 

 
Fig. 4: Physical characteristics of MSW in Bikaner 

City. 

However, 34% from households discarded 

organic waste and therefore it is possible to 

safely manage these wastes with composting 

process but in Bikaner city, it is in 

construction stage. The door to door 

collection frequency of MSW is carried out 

of there most of respondents in the study area 

empty their collected waste on daily basis. 

As per percentage, 58% of households 

dispose their solid waste daily. 13% of 

households once in two days while 6% of 

households once in three days. 17% of 

households dispose waste once in a week; 

whereas 6% households are don’t know 

about the door to door collection services. 

And therefore the solid waste management 

process should be carrying on daily basis as 

most of the community members discharge 

their waste every day as shown in fig 5. 

 

 

 

 

 

 

 

 

 
Fig. 5: Door to door collection Frequency of waste 

collection service in Bikaner city. 

In this situation, the perception of 

community about the resent solid waste 

collection service is important. The 

perception of the community about the state 

of  SW collection process in the study area. It 

shows that only 34.68% of households in the 

study area state that the waste collection is 

good.19.06% of households say the state of 

waste collection is very good while 29.68% 

of households’ state is medium. While 

16.58% of households say the state of waste 

collection is unsatisfied in the study area as 

shown in (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: The Satisfaction level of collection service for 

Solid waste in Bikaner city. 
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Routes 1, 2, 3, 4, 5, as mention in (Table 5) 

these routes cover only few wards and 

connect only with one disposal site that is 

Gogagate disposal sire. The Gogagate 

disposal site serves the maximum number of 

wards, whereas mixed waste dumped and 

animals like cow and dogs around there. 

Because of this it’s enhanced the overload of 

disposal site 

Disposal of hospitals biomedical waste: 

Health care facilities (HCFs) operating in 

Bikaner have obtained connectivity with M/s 

E-Tech Project, Bikaner, operating its plant 

at Goga Gate, Bikaner, for Collection, 

Transportation Treatment and Disposal of 

BMW, after due agreement with Nagar 

Nigam, Bikaner for Collection, 

Transportation Treatment and Disposal of 

BMW, after due agreement with Municipal 

Council, Bikaner. All vehicles transporting 

biomedical wastes have installed GPS 

system for its proper monitoring and to 

ensure that the collection of biomedical 

waste has been done appropriately. The 

location of vehicles has also been tracked 

through GPS systems for their effective 

monitoring. It has been confirmed by the 

CMHO that the bio-medical waste disposal 

from all government hospitals has been done 

as per the prescribed (Biomedical waste 

management   rule, 2016). In case of non-

compliance of disposal of bio-medical waste, 

instructions were issued to take strict actions 

against the respective Government/private 

hospitals and/or contractor as per rules. Data 

have been as shown in table 4.  

 
Table 4: Information on biomedical waste treatment and disposal facilities 

 

Collected from Regional Officer, Rajasthan 

State Pollution Control Board and different 

hospitals of Bikaner city. The integration of 

GIS and multi-criteria decision-making 

technique establish an environment for 

transportation and corroborating geospatial 

data for concern stakeholders as shown in 

table 5. The MSWM data obtained from GIS 

maps are vastly helpful for the retrieval, 

update and visualization of the information 
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required. The produced map can help BMC, 

environmental surveyors and decision 

makers with the current MSW system, which 

is essential for the change of the prevailing 

strategy and successive planning. The 

present Study is useful for planner and 

researcher to serve as a guide for further 

planning, management and development of 

smart city waste disposals. 

 

Routes Remark 

Route1 Ranisar Bas, Acharyo Ki Samshan, 

Kaisaiyo Ki Bari, Pandit Dharm Kanta, 

NaiykoKa Mohalla, Subhas Marg, Near 

Satellite Hospital, Kalu Modi Road,Vaidya 

Magaram Colony. 

No dustbin in route, burning waste, local people 

dump their waste open space, waste spread 

everywhere on road ,in rainy season these area filled 

with water and waste mix in it so create nuisance 

smell and very difficult  for proper collection, people 

suffer from health issue near that area. 

Route 2  Roshnighar, Durji KI Dhigli, Jassolai 

Park, Near M.M.Ground, Out Side 

Vishwakarma Gate, Devi Singh Bhati Road, 

Ashirwad Nursing Home. 

Waste spread by cow ,collection points very far from 

dumpsite, Narrow roads, one collection point near 

school 

Route 3 Benshawara, Usta ki Bari, Outside 

Shitla Gate, Inside Shitla Gate, Damani 

chowk, Bikajiki takri, ChabiliGhati, Near 

Samudaiyak Bhawan 

No dustbin in route, burning waste, local people 

dump their waste open space, waste spread 

everywhere on road ,in rainy season these area filled 

with water and waste mix in it so create nuisance 

smell and very difficult  for proper collection, people 

suffer from health issue near that area. 

Route 4  Roshnighar chauraha, outside Fadh 

Bajar, Inside Fadh Bajar, Satta Bazar, Behind 

Fort school, Inside Jailwell Road, Adarsh 

Colony, Gogagate, Bandrabas, Surana Homeo 

Seva Sadan Bothra Complex, Bada Hanuman 

ji Mandir, Near Bikaner Mahilla Mandal, 

school,Back Side Junagrah, Koria Road , 

Navli School 

Waste spread by cow ,collection points very far from 

dumpsite, Narrow roads, one collection point near 

school. 

Route 5 Roashni Ghar Chauraha, Harasar 

Haveli, Kirti Stambh, M.N.Hospital, Near 

Gopi Nathji Mandir, BSNL Office, Near 10. 

No Kothi,Charan Hostel, Outside Dungar 

College, Inside Dungar college, Shivbadi 

dumping ground. 

No dustbin in route, burning waste, local people 

dump their waste open space, waste spread 

everywhere on road ,in rainy season these area filled 

with water and waste mix in it so create nuisance 

smell and very difficult  for proper collection, people 

suffer from health issue near that area. 

Table 5: Municipal Solid waste collection, transportation Routes and their Remarks 
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Conclusion  

Solid waste management and disposal in 

Municipal Corporation at its resent status 

does not fulfill the required conditions as per 

the MSWM rule 2000, Solid waste 

management rule, 2016 (GOI, 2000 & SWM, 

2016). The segregation of waste at source 

and promotion of recycling or reuse of 

segregated materials reduces the quantity of 

waste and the burden on landfills, and 

provides raw materials for manufactures. The 

composition of MSW shows mostly organic 

matter (34%), so composting is a good 

method for this approach to restoring soil 

mitigation. By implication, these research 

statistics indicate that the households mostly 

discarded food waste (34%), Glass, Tin, 

Cane (5%) and plastics (15%) while paper 

and carton (15%) and Textiles (7%), 

Demolition & construction (20%) and other 

(4%). However, 34% from households 

discarded organic waste and therefore it is 

possible to safely manage these wastes with 

composting process. As per information in 

the report (District Environment plan for 

Bikaner District) it is in the process (insert 

Plate 3). The rapid increase in the quantities 

of MSW and the inability to provide daily 

collection service cause a nuisance and 

health hazards. The prevailing scenario of 

MSW is that it will be accessible for direct 

attention from the community. 
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