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Introduction 

World is facing as well as enjoying 

Urbanization. In urban life waste is the 

major issue. How, where and when waste 

should be disposed is the burning issue. Out 

of several core municipal infrastructures, 

Solid Waste Management is the most 

lightening. This mainly consists of Refuse, 

Rubbish, Garbage, Street waste, Dead 

animals, Hazardous Waste and last but not 

the least Sewage Sludge. Now a city 

administrative body or municipal 

corporation caters with this waste in most 

of the cities. But if managed meager it will 

lead to shabby city condition. Due to 

Industrialization, Urbanization, 

Liberalization and Globalization, the rate of 

generation of solid waste is increasing 

exponentially. Current global Municipal 

Solid Waste generation levels are 

approximately 1.3 billion tonnes per year, 

and are expected to increase to 

approximately 2.2 billion tonnes per year 

by 2025 (World Bank). ‘Pay as you throw’ 

(WEIRD magazine) is globally accepted 

governing system should be implemented 

in developing countries also. Overall 

Quality of Urban Life is depended on how 

efficiently they can have relief from waste 

Solid waste management (SWM) has become an issue of growing global concern as urban population is 

burgeoning and changing consumption patterns. The health and environmental implications associated with 

garbage disposal are mounting in urgency, particularly in developing countries. However, the growth of the solid 

waste, increasing resource scarcity and the availability of new technologies are offering opportunities for turning 

waste into a resource. If the burgeoning issue of SWM is not addressed, this issue will be menace to human in 

nearest future. Using new technologies waste can be used as raw material for generating another thing (Rag for 

One and Canvas for the other). Urban land resource is getting scarcer day by day preceding the problem of 

conventional sanitary landfill site. In India, most of the cities are not having proper techniques to dispose solid 

waste. Considering sustainability for the smart city concept, major issues faced by most of the smart cities will be 

enormous. At various stage of Solid Waste Management process the problems which cities face today will be acute 

if not addressed in a smart manner due to the Urbanization pressure and its multifarious effects on the local as well 

as regional environment. While cities have adopted and improvised on the functional stages to handle this menace 

still, solid waste management poses challenges for all the cities. Bin management at different location and 

transportation of bin to the disposal site for city area is becoming headache. As per the statistics of Indian Cities, 

as against the service level benchmark of 100%, the average service level in municipal solid waste management in 

ULBs considering collection transport and disposal was 20-30 percent as per Ministry of Urban Development status 

report (2010-11). While 98 cities of India have taken up the challenge to transform into smart cities, this paper 

outlines the smart way of handling MSW and as a case study Surat city has been assessed to review the issues for 

SWM and probable smart proposals to address them.  
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from their houses. Quality of waste 

management of a city also reflects to its 

economy and trade. If city is having good 

sanitation, more foreign trade will be there 

and vice versa. The future of solid waste 

management lies in making solid waste 

totally organic – and it starts right from our 

fingertips. It’s on plate: the spicy pepper 

and discarded crust. It’s on chopping board: 

carrot tops, potato nubs and apple cores. 

And it’s in fridge: wilted lettuce, forgotten 

buns and that weird jam from some 

neighbour. Municipal solid waste 

generation in cities like Delhi and Mumbai 

are touching the limits of 4 million tonnes 

annually. In India, if as per current 

situation, 62 million tonnes of MSW 

generation continues then 1240 ha of land 

will be required annually for disposing 

untreated waste (Planning Commission of 

India-2014).  

 

Fig-1MSW for Indian cities [8] 

1. Issues & Challenges 

Major issues and challenges to achieve 

smartness in the now cities are listed as, 

1.1. Inefficient collection of solid waste 

Globally in most of the developing 

countries the major problem is within 

collecting the solid waste. Most of urban 

areas are not able to provide 100% solid 

waste collection. Door to door collection is 

rare in cities of developing countries. Most 

non-industrialized countries have low 

levels of formal collection rates, going from 

30 to 60 per cent in low-income countries 

to 50 to 80 per cent in middle-income 

countries. 

1.2.Transportation of solid waste. 

After collecting solid waste from 

household, to transport it is a big issue. 

Transfer stations as an intermediate process 

of disposal is being used nowadays in many 

countries globally. Efficiency in terms of 

cost, time is important in transportation. In 

most of cities, due to improper management 

of transportation problems are 

exponentially increasing. 

1.3. Segregation of waste at source 

Due to unawareness of people and 

sometimes due to ineffective approach of 

ULB, segregation is not possible at source 

level. Due to that all kind of solid waste 

goes in a same lump, causing problem at 

disposal site. Because different kind of 

solid waste is having its own calorific value 

and degeneration time Table.1.  

1.4.Final dumping of waste 

Dumping all kind of municipal solid waste 

at a site by sanitary landfill will produce 

land as well as ground water pollution due 

to leachate. So dumping without prior 

segregation is major issue. Solid waste 

dumping site causing threat to nearby 

villages in monsoon season as it is breeding 

place for mosquitoes. It can cause disease 

to nearby villages.  

1.5.Hazardous effect on children’s 

health 

Children are especially vulnerable to the 

risks associated to wastes because of both 

their behavior and physiological 

characteristics. They often play outside and 

might pick up dangerous materials which 

adults would know to avoid. Moreover, 

children have a faster rate of breathing than 
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adults and thinner layers of skin, which 

makes them more susceptible to airborne 

hazards, chemical absorption and burns. 

The exposure to polluting compounds is 

more critical because they ingest more 

water, food and air per unit of body weight. 

In addition, their metabolic pathways to 

detoxify and excrete toxins are not fully 

developed. In the same way, the disorders 

during childhood can be mirrored in the 

adult years in terms of diseases, 

malformations or malfunction of some 

organs and systems. 

1.6. Uncollected wastes often clog drains 

and cause the stagnation of water, the 

breeding of mosquitoes or the 

contamination of water bodies from which 

the population normally takes water for 

consumption, cooking and cleaning. 

1.7 Sometimes, the wastes are burned in 

order to lower critical hygienic problems; 

but this causes the emission of toxic 

substances to the air, such as dioxins and 

furans [3]. 

1.8 In tropical countries, the high 

temperatures and humid conditions 

accelerate degradation, increase the amount 

of leachate and directly affect the 

surrounding ecosystems by penetrating the 

soil and contaminating groundwater. At the 

same time, animals look for food among 

wastes, becoming vectors of different 

diseases and increasing the spread of litter. 

The local problems of waste management 

in poor countries are additionally 

influenced by the illegal export of toxic 

wastes from industrialized countries. 

Table.1-Type of litter we generate and 

approximate time it takes to degenerate. 

Type of Waste Approximate time to 

degrade 

Organic waste A week or two 

Paper 10-30 days 

Cotton Cloth 2-5 months 

Woolen Item 1 year 

Wood 10-15 years 

Metal 100-500 years 

Plastic bags One million year? 

Glass bottles Undetermined. 

Source: http://edugreen.teri.res.in 

2. Current Solid waste scenario 

and targets 

Being a developing country, rate of growth 

of solid waste generation of India (49.54% 

per decade as per CPCB) is much higher 

than developed countries (almost stable). In 

developing countries like India, local 

bodies spend 20-50 percent of their 

available budget after solid waste 

management.   

 

 

Fig.2 comparison of Indian cities and 

foreign 

It can be seen from the graph that Indian 

cities are producing much lower amount of 

MSW per capita than the same for cities of 

developed countries. Solid waste contains 

mainly consist of plastic, glass, metal, 

paper, organic and others. Most of share is 

of organic waste. But plastic is the most 

dangerous waste to be handled. Current 

global average share of plastic in solid 

waste is around 10%. Current global MSW 
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generation levels are approximately 1.3 

billion tonnes per year, and are expected to 

increase to approximately 2.2 billion tonnes 

per year by 2025. By the end of nineteenth 

century, Industrial development has shown 

a progressive trend in the world consumers. 

Presently not only the air but also earth 

itself becomes more and more polluted 

specially with generation of non-

biodegradable substances.  

The following should be the targets for 

smart city: 

a) Covering 100% household for 

solid waste collection 

b) Recycling non-kitchen solid waste 

c) Energy generation from waste 

d) Waste segregation at source 

e) Efficient transportation of solid 

waste 

f) Less than 20% waste filled in 

sanitary landfill. 

g) Reduce green house gas emission 

from the solid waste incineration. 

 

3. Surat city : A case study 

Surat has been discussed in this paper as a 

case study for solid waste management. 

Surat is located on bank of river Tapi. This 

is proved to be a boon for Surat for water 

supply. But solid waste management in 

Surat city has also improved by the effort of 

ULBs (SMC, Surat). 

 Population: Around 44.62 lacs (As 

per 2011   cencus data) 

 Quantity: 1572 Tonnes per day at 

the rate of 400 gpcd. 

More than 70 percent of Surat city area is 

covered with Door-to Door collection 

system. At present there are 4503 sweepers 

engaged in the Door to Door collection of 

waste across the seven zones of the city. But 

there are still some areas which are having 

conventional bin system for their solid 

waste collection. The total number of waste 

collection bins is 1170. These are mainly 

4.5 cu.m in size with a capacity of 1.5 

tonnes (4.5 cu. m)/ dustbin and cover the 

entire population of the city. The spacing 

between waste storage depots is about 100 

m. M.S.W. transported from the transfer 

stations reaches to the final disposal site at 

Khajod whereat M.S.W. is dumped and 

leveled by the heavy machineries. Daily 

cover of soil is also laid on the leveled 

M.S.W.  

 
Fig.5 – transfer station location in surat 

 

There are total six numbers of transfer 

stations in Surat located at Katargam, Pal, 

Bhatar, Varacha, Bhestan and Anjana. 

Surat is administratively divided in seven 

zones from which, south zone generates the 

highest amount of daily solid waste. Surat 

is maintaining Door to Door collection on 

PPP (Public Private Partnership) model 

basis. 

 
 Fig.3 – Surat location in India 
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Fig.4 – Surat municipal area map 

Whatever the amount of waste transferred 

to transfer station, payment is done on 

weight basis. Just recently under Swachh 

Sarvekshan 2016, released one list of 

cleanest cities and filthiest cities, Surat has 

got 6th position. Karnataka’s Mysore city 

grabs the first position. 

Zone Area 

(Sq. 

Km) 

Population 

as per 

2011 

Census 

Solid waste generation 

2001 2011 2015 

Central 8.18 408760 150.1 139.5 116.2 

North 36.363 705163 121.7 179.1 220.6 

East 37.525 1137138 210.7 295.9 337.7 

West 51.279 424986 90.9 166.3 224.5 

South 61.764 695028 177.6 291.45 383.1 

South 

East 

19.492 748304 59.2 97.15 127.7 

South 

West 

111.912 347447 73.2 108.7 139.9 

Total 326.515 4466826 883.5 1278.0 1549.7 

Table.2 Zone wise solid waste generation 

for Surat city [1] 

Cities  
Rank 

(2016)  

Rank 

(2014)  

Mysuru 1 1 

Chandigarh  2 10 

Tiruchirappalli  3 3 

Delhi-NDMC  4 7 

Visakhapatnam  5 44 

Surat  6 12 

Rajkot  7 32 

Gangtok  8 16 

Pimpri 

Chinchwad  
9 9 

Greater 

Mumbai  
10 2 

Table.3 Swachh Sarvekshan (2016) ranking 

of cities according to cleanliness  

Between January 5 and January 20, 2016 a 

team of 110 assessors was deployed on the 

ground to  

  

Fig.6 bins location in surat 

 

 Fig.7 landfill site at Khajod 
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conduct the survey. Cities were measured 

on two counts. First, their performance on 

key sanitation components such as 

constructing individual, public and 

community toilets, providing adequate 

solid waste management facilities and 

launching effective communication 

strategy. Second, the cities were measured 

on three counts. Service level status 

collected from municipalities (1000 marks), 

physical observation by assessors (500 

marks) and getting citizen’s feedback on 

cleanliness in their respective cities (500 

marks). Swachh Sarvekshan has evaluated 

the work done in the following six 

measurable aspects of sanitation and 

hygiene: 

 Strategy for Open Defecation Free 

town (ODF) and Integrated Solid 

Waste Management (SWM) 

 Information, Education and 

Behaviour    Change 

Communication (IEBC) activity 

 Sweeping, door to door collection 

and transportation (of solid waste) 

 Processing and disposal (of solid 

waste) 

 Provision of public & community 

toilet seats 

 Construction of household 

individual toilets 

In which, Surat has gain the position from 

12th (2014) to 6th (2016). 

4. Smart Proposals 

One of the smart technologies is Smart 

Tracking. For this technique each dumping 

vehicle is fitted with sensor. The sensor will 

inform the management team that it is filled 

fully and now it can be picked up and taken 

to transfer station. This will reduce number 

of trips that are being wasted for half filled 

bins. Whole system divided into two 

phases: 

 In first phase, there are three main 

activities 

a) Fill level measurement using UBi. 

b) Analysis and modeling by 

receiving data using GPRS. 

c) Route planning using GPS tracker 

and GIS.Fig.8 

Fig.8 smart tracking system 

 

 In second phase, there are four 

main activities 

a) Reading of RFID Tag mounted on 

Waste bin using RFID Reader. 

b) Transmit data of bin to the control 

station using GPRS. 

c) Analyze the data using GIS. 

d) Continuous tracking of the 

vehicle. 

 
Fig.9 GPS vehicle tracking system. 

  

Fig.10 Smart bin collection method 
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Sensored bins are the smartest option for 

reducing trips and lessening the carbon 

footprint. Smart bins will tell us when they 

are filled more than 80% and then we can 

go to pick that bin and proceed further with 

waste within that. If we don’t apply this 

method, sometimes it happens that, though 

bin is not fully filled we have to take it to 

the further process which increases the 

unnecessary trips and add to air pollution. 

Now as per our goal to become smart city 

without threatening the life of our 

forthcoming generation, we have to use 

these smart techniques. For more efficient 

transferring of solid waste one more 

suggestion can be segregation at source. 

This will reduce further cumbersome 

process of segregating solid waste at 

transfer station. And according to type of 

solid waste, further processes can directly 

be done. 

5. Zero Waste Management 

It is a goal that is both pragmatic and 

visionary, to guide people to emulate 

sustainable natural cycles, where all 

discarded materials are resources for others 

to use. Zero Waste means designing and 

managing products and processes to reduce 

the volume and toxicity of waste and 

materials, conserve and recover all 

resources, and not burn or bury them. 

Implementing Zero Waste will eliminate all 

discharges to land, water or air that may be 

a threat to planetary, human, animal or plant 

health. [2] 

  

Fig.11 Municipal waste recycling 

percentage of European countries, EEA, 

2013 

As it can be seen from Fig.11 that Germany 

and Austria is having recycling of 

municipal solid waste more than 60% as of 

2010 figures. The zero waste city principles 

are developed based on waste hierarchy, i.e. 

avoid, minimization and recovery. 

Behavior change and sustainable 

consumption practice will avoid the 

unnecessary waste generation from product 

production and use phases. Extended 

producer and consumer responsibility will 

ensure the sustainable choice of resource 

use and ownership of personal waste 

generation and management. An increased 

sense of responsibility will also lead to 

avoidance of waste generation. By 

achieving total recycling of waste and 

legislation for zero landfill and 

incineration, a 100% recovery of resources 

would be possible in the zero waste cities 

and thus ensuring the minimum depletion 

of finite natural resources. Thus waste 

management in a way which can transform 

waste into valuable stuff or at least harm 

free might lead towards Zero Waste City.  
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Fig.12 – Plastic thread from waste 

  

Fig.13 – Plastic packets reuse 

6. Recycled Plastic Weaving  

The recycled plastic project has a great 

significance in the era of global warming. It 

shows consideration for the environment 

through recycling plastic waste. It uses no 

energy sources to recycle the waste. It 

provides additional income to waste 

collectors. It also generates income for 

marginally skilled men and women who 

don’t have enough quantity of work from 

mainstream market. And above all, it 

creates a greater scene of awareness and 

responsibility towards the waste we daily 

generate. This practice is being done in 

‘KHAMIR’- an organization in Bhuj, 

Kuthc. In that process, all plastic bags 

which are thrown away by users were 

collected by rag pickers and it is submitted 

to KHAMIR. Then KHAMIR provides 

employment to village people and they are 

trained for doing this work. They go 

through all the process shown in Fig.14 and 

finally plastic woven material or fabric 

made which can be used for different 

applications.  As per their talk foreigners 

buy this kind of ‘waste to best’ material in 

hundreds of numbers. 

  

Fig.14 – Recycled plastic weaving process 

The process of recycled plastic weaving 

involves following steps, 

 Waste plastic collected and 

segregated  

 Plastic bags are cleaned Fig.15 

 Clean plastic are cut into thin long 

strips 

 Plastic  strips are woven into 

sheets Fig.16 

After passing through these all steps, one 

manually woven sheet is ready to be sold. 

That can generate revenue to local peoples. 

 

7. Community Based Solid Waste 

Management 

Though waste management makes a 

relatively minor contribution to greenhouse 

gas emissions, it is in a unique position to 

move to a major saver of emissions. 



 

ELK Asia Pacific Journals – Special Issue 

ISBN: 978-81-930411-5-4 

 

  

Fig.15 – making plastic bags fit for reuse 

However, disposal and management of 

waste is a bane that has always haunted 

modern India. Indian administrative 

authorities have failed miserably multiple 

times in setting up and managing effective 

waste management systems. 

  

Fig.16 – manual weaving from plastic 

thread 

 

Hence, it can be proposed a micro 

community model, where student teams are 

incentivized to create small social start-ups 

around waste management theme in 1km 

vicinity. Incentives for the students include 

a fun, competitive, engaging at the same 

time valuable experience. [7] The entire 

process is enabled and can be scaled up 

through a mobile-based online national 

leadership board. Leader board would 

foster gamification of the entire model and 

would breed competition at a larger level, 

though action is taking place at the micro 

community level. India has access to an 

important resource when it comes to 

managing any critical challenge - youth 

power. Almost a third of India’s population 

is between the ages 18 to 25 years. If 

adequately incentivized, and given access 

and responsibility to a community that they 

have high stakes in, this youth power could 

be used for tackling the waste management 

challenge of India. As students have high 

amount of stake in community, they can 

influence community level leading to 

improve solid waste management. Within 

this concept Spot administration also can be 

introduced. In which solid waste disposal 

spots are observed 24x7 and if somebody 

breaches the rules and regulations, he may 

be punished accordingly. This will improve 

awareness in people which is very much 

needed for successfully making solid waste 

management a Zero waste management. [8] 

8. Outcome 

These all techniques lead to integrated solid 

waste management in India. All smart 

techniques if implemented within cities, it 

will lead to Integrated Solid Waste 

Management. Surat like cities having 

growth at very fast rate, should improve 

with the future expected solid waste 

quantity management. It cannot be 

improved without adopting smart 

techniques like reduce, reuse, recycle (3R). 

And rural as well as urban employment can 

be increased by incorporating plastic waste 

weaving which is nowadays adopted by 

‘KHAMIR’, an organization in Bhuj, 

Kuthc. Improving living standards and 

reducing the quantity of solid waste to be 

disposed is the only smart technique which 
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will become saviour for our future 

generation. 
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