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Abstract: In a large portion of the spots, the garbage are not cleaned at appropriate time interims which results
in flooding of waste bringing about cleanliness issues, land contamination; additionally it makes a bad impact to
the look of that place. This demonstrates the requirement for a framework that screens the status of the garbage
bin and gives data to the concerned people to deal with the collection interims for cleaning the waste. A solution
to this problem is proposed in this paper in the form of a 3 tier waste management system: Garbage bin, remote
gateway and monitoring station. A method to differentiate 5 types of non-biodegradable plastic resins and using
rest of the biodegradable waste to produce biogas makes this solution a more promising one.
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I Introduction
With the expansion in populace, change in living way of life and expanded number of businesses, the measure of
Municipal Solid Waste (MSW) is expanding at a high pace [1]. At present, the measure of solid waste created in
urban India is 188,500 tons per day [2]. This sum is relied upon to be twofold by 2025 [1]. This demonstrates the
requirement for appropriate waste administration arrangements so that the harmful impacts to nature can be
diminished.
The waste administration cycle incorporates the era of the waste from commercial ventures, houses, markets and
so on from which the waste is tossed in the garbage bins. This waste is further collected by municipal authorities to
at long last dump it in dumping zones and landfills. In any case, because of absence of assets, inadequate foundation,
some waste is not gathered which poses serious health hazards to the surrounding environment.
Legitimate cleaning interims may give an answer for this issue. Yet, monitoring the status of the bin physically is
an extremely troublesome employment.

. Related Work
A system based on the integration of RFID and communication technologies like GSM, GIS, and GPRS is proposed
in paper [3] [4]. Theoretical algorithms have been proposed for successful hardware implementation. A graphical
user interface is displayed for client communication.
A RFID based system has been implemented in paper [6] that uses the weight of the waste collected as a measure
for the collection interval and uses RFID technology for identifying the bins that got stolen from their respective
places [5].
A WSN based single parameter monitoring system has been proposed by a group of authors. The system is based
on Argos mote covering a geographical area of 430 m.
Although technologies like Global System for Mobile Communication (GSM), Geographic Information System
(GIS), Radio Frequency ldentification Device (RFID) have already been proposed but the cost of data to be
transmitted from the garbage bin to one station and then to a remote base station increases the cost in these solutions.
A cost effective framework employing a Wireless Sensor Network (WSN) is proposed in this paper for the
transmission of information from the garbage bin to the remote gateway and then to a monitoring station thereby
reducing the cost as the data transmission to the remote gateway is free. From this bin, separating plastic resins
paves way for biogas generation so that the waste collected can be effectively used.

1. Smart Waste Collection System
The proposed framework is a 3 tier system namely A) Garbage Bin, B) Remote Gateway and C) Monitoring station
as shown in Fig. 1.
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Fig. 1 Block Diagram of the proposed Smart Waste Management System
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The sensor node attached to the bin helps in the collection and transmission of data. The sensor node is divided in
2 groups. The first group consists of

. Load cell sensor- measures the weight of waste inside the bin

. Smoke sensor- activates an alert if due to any reason, a fire mishappening occurs inside the bin

. Accelerometer sensor- checks the opening/ closing of the lid

. Temperature and Humidity sensor- keeps track of the temperature and humidity inside the bin; two
parameters that become important when storing biodegradable waste.

. Ultrasonic sensor- measures the filling of the bin

The second group consists of an X-Bee Pro that acts as a transmitter to send the collected data to the remote gateway.
Remote Gateway
At the gateway is an X-Bee Pro that acts as a receiver to receive the transmitted data so that it could be stored in
the local database. This data is further transmitted to the control station with the help of internet.
Monitoring Station
The central server that hosts the Data Base Management System (DBMS) and the database is present at the control
station. A web based user interface is present for user interaction with the system. The data from here is fed to
programs like data parsing programs, route optimization systems and scheduling applications.

V. Smart Waste Disposal System
The Waste Disposal System should be such that it generates something useful from the waste collected. An effective
use of waste is in generating biogas which can only be produced from biodegradable waste. This requires the
separation of other non-biodegradable waste from the collected waste. As plastic is one the major constituents of
waste which cannot be decomposed but can be recycled, a method is discussed in this section to separate plastic
from the collected waste and thereby producing electricity from the rest of the waste.

A. Separation of Plastic Resins

Once the waste collection process is over, the separation of plastic from the biodegradable waste becomes an
important aspect. Recycling and segregation of plastic resins has remained a complex job for all the governments
across the world [7].
The major 5 plastic resins include polypropylene (PP), high density polyethylene (HDPE), polyethylene
terephthalate (PET), polystyrene (PS) and polyvinyl chloride (PVC) On the basis of density, manual sorting
techniques include hydrocyclone ( referred as cyclone in short) and float/sink tank [8]. On account of the color [9,
10] and type [11, 12], optical spectroscopy can be used. Also electrostatic sorting can be used to differentiate
different types of polymers [13]. X-rays can be used for automatic sorting but there are safety issues [14].
The NIR spectroscopy technique classifies plastics into 5 major types. The samples are flattened before feeding to
the NIR which reduces rolling and other movements on the conveyer belt [15].
The block diagram shown in Fig. 2 gives a view on the separation process of plastic using NIR spectroscopy.
The NIR spectroscopy covers a range of 700 to 2500nm [14]. There are few limitations associated with this
technique:

) This technique is not applicable for black color plastic surface.

. The detection whether the bottles have plastic cover or cap is not possible with this technique.

- ____________________________________________________________
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Fig. 2 Separation of Plastic using NIR Spectroscopy
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B. Biogas Generation System
The renewable raw materials and other organic waste are a source of Biogas. This gas can be stored and
continuously produced and can be used to produce electricity and heat.
The Waste to Biogas Generation System discussed in this section is shown in Fig. 3 [16]. The waste materials after
separation of non-biodegradable waste can be kept in a closed area. Other agricultural and organic waste can be
mixed to it. Since the municipal solid waste may contain byproducts of food waste, the processing of this waste
before feeding to fermenter becomes important. To Kill the bacteria in MSW, the waste is heated up to 1 hour using
a heat exchanger. With the help of conveyer belt, the waste can be added to the fermenter. Also slurry can be formed
from this waste by adding liquid waste to it.. A homogeneous mixture is formed by mixing the materials in an
agitator. This process can be performed every hour. After the formation of a uniform mixture, the materials are
pumped to fermenter with the help of a macerator which is required so that any impurity might not enter the
fermenter. The process that takes place inside the fermenter is a closed atmospheric process where no oxygen can
enter by itself. Biogas is produced with the help of bacteria that help in the breakdown of the materials in to
individual enzymes and other components. The average fermentation process takes about 60-70 days and the
temperature required for fermentation is about 308.5 to 311.5 kelvin. The low expenditure and high level of
efficiency makes this process an advantageous one.
The leftover material in the fermenter can be used as high quality fertilizer. The biogas can be accumulated and
stored through a gas valve where the gas is constantly dehydrated and cooled. The flow of the gas can also be
controlled through this valve.

Fig. 3 Biogas Generation System [16]

OtherQ i f 5
er Organic AtmosphericOxyzen for Usage
material A

| ! |

Input from MSW » Agitator » Fermenter » Biogas » Gas Control Valve

Residue from Fermenter » Used as Fertilizer

V. Conclusion

Through this paper, a conceptual approach to a smart waste management system beginning from smart solid waste
collection system to solid waste disposal system is proposed. The status of the bin is continuously monitored at the
control station and this collected data from the bin helps in the optimization of routes for the collection trucks so
that the efficient use of resources can take place in the waste management system proposed. The NIR spectroscopy
technique helps to solve the plastic separation problem and provides biodegradable material in the production of
biogas. This complete system can help in the Waste Management problem we are facing and also help produce a
renewable energy source.
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