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PREFACE 

This book of Advances in Environmental Science and Engineering is an 

integrated approach to Civil Engineering and Environmental Science. The 

book covers best paper compilation of the “National Conference on the 

‘Advances in Civil Engineering and Environmental Sciences’ (ACEES - 

2021), jointly organized by the Department of Civil Engineering and 

Department of Environmental Sciences of J.C. Bose University of Science 

and Technology, YMCA, Faridabad from January14-15,2021. Every 

chapter provides simplified learning guide for report writing, dissertation, 

and research work, with case study and references. 

Scientific research is a systematic, controlled and critical investigation of 

propositions about various phenomena. Due to intensive infrastructural 

growth and urbanisation, the environmental degradation has been 

occurring very rapidly and causing many problems like worsening water 

quality, excessive air pollution, and the problems of waste disposal. To 

meet these environmental issues and challenges, we have to integrate the 

principals of sustainable development with our development policies and 

plans. Therefore, Civil Engineering and Environmental Scientist would 

have to work together with new technological advances to preserve the 

environment. 

The purpose of this book is to present the matter in an up-to–date manner 

and provide for beginners a simple, interesting and concise treatment in 

basic principles so as to lay firm foundations for fruitful research in 

advanced stages of the work/programme. 



 

 

  

Publisher deserves special mention for many good suggestions and ideas 

throughout the book’s gestation. The authors take full responsibility for 

all errors that remain and will appreciate them being called to his attention 

so that the book can be improved in future printings and editions. 

Authors 
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Abstract:  
 

In India, there are over 250 million registered vehicles and they are increasing at a rate of 12 

percent each year causing tremendous parking problems. To make efficient use of parking 

spaces, the Internet of Things can be the most effective method. In this study, an IOT based 

smart parking management system is discussed that will help the drivers to find parking spots 

with easy online booking facility with cashless payment system. This paper discusses the 

various features of IoT enabled parking lot system incorporating the end-user app and server. 

This also helps reduce unnecessary time for finding a parking lot combined with prospective 

rental based system of vacant spaces. 

 

Keywords: IoT, Smart Parking, Rent-Parking, Parking Lot. 

1.1 Introduction: 

The growing economy and availability of cheaper vehicles in the market has led to a heavy 

boost in traffic recently. The boosted traffic becomes a problem when the need for parking is 

realized [1]. If parking space is available, still it takes a lot of time in finding the parking lot 

which not only leads to the loss of time but also the loss of fuel and ultimately more pollution. 

There is a lot of problem in car parking facilities and traffic management systems world over 

[2] such as. 

• Lack of data on parking area locations. 

• Non-availability of online booking facilities for parking spots.  

• Traffic Jams caused due to unauthorized parking at roadsides. 

• Lack of resources for renting the available parking locations.  
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Such problems can be resolved if the drivers are capable of finding and booking the parking 

slots in advance. Different researchers across the world have proposed different working 

solutions [3] such as parallel parking, multi-level parking, and cloud-based parking system. In 

this paper, authors have proposed a unique concept involving IoT (Internet of Things) for 

solving the parking problems. By the concept of IoT, authors represent sensors and Arduino 

circuit application, which can sense, compute, and upload data on the cloud which further can 

be accessed remotely for active monitoring and management of parking systems. The cloud 

server communicates between the drivers and parking lot owners via mobile application. This 

system will help in real-time data monitoring of the availability of free parking slots 

1.2 Literature Review: 

A study carried out by Jain ET. al. [4], discussed the various traffic problems in the Indore 

city. They found severe problems in parking spaces. The less availability of parking lot also 

disturbs various prospects of urban life transportation system. They proposed the solution like 

parallel parking, perpendicular parking, etc. Another study done by Shindeet. al. [5], discussed 

about the possibility of usage of android application in parking system using Google maps. 

Authors used Google map application, ultrasonic sensors, and cloud-stored data for parking 

solution. They also used an android application that can provide data of the empty place to the 

user. But it had limitations for remote locations. Another study carried out by Zadehet. al. [6], 

discussed about a model for smart parking using Arduino and Raspberry PI technology to 

detect the free slots by using sensors and circuits. But it is not economically viable as it has 

costlier setup and high maintenance cost. Another study was conducted by Jogadaet. al. [7], 

in which they proposed a model setup using Infrared sensors for free parking slot detection. 

Further this model was validated using the RFID tag and ZigBee. Another study carried out 

by Dhumalet. al. [8] proposed a mobile application that consists of information fields like area, 

state, car number, user entry and exit time. It also provides the option of getting information 

about the parking lot by selecting it. The proposed model included a camera setup to capture 

a car’s number plate for verification. Rossetto et.al. [9] Reviewed the recent advancements in 

sensor and communication technology, artificial intelligence, and also discussed about the 

adaptation of IoT system. Mudaliar et.al. [10] Carried out a study that proposed a model with 

IoT system. They used IR Sensors and RFID circuits for detection of vehicles. But they have 

limitations regarding the vehicle authenticity verification. 

Basis on these studies, it can be observed that there are few parking technologies already 

available with real-time data about parking slots [11]. But still, they are limited to only the 

authorized parking lots. However, these limited spots are observed to be fully occupied during 

peak hours. Thus, there is a need to enhance the available options for parking lots along with 

providing the significant perks to their owners. This study provides such solutions where the 

parking space owners can rent their empty parking slots similarly as they rent houses and cars 

etc. 

1.3 Parking Lot Setup: 

In this study, a parking lot system is proposed that has the features consisting of a proximity 

sensor to detect the availability of the vehicle which is directly connected to a Wi-Fi NOD 

circuit. This circuit further uploads the real time data on a remote server which is further easily 

accessed through the proposed mobile application. 
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1.4 Design Model: 

A layout of a parking lot consisting of different coded sensors and a server room to monitor 

the real time movement of vehicles is shown in figure 1.1. Here different colors, represent the 

different availability options in the parking lot. The red color in the parking lot setup represents 

that the slot is already occupied or pre-booked by a driver remotely, through mobile 

application. The yellow color shows that this slot is available for booking. The white color in 

the setup shows that this parking space is in a transition state. That is the parked vehicle has 

just moved out. Further, the complete layout map of the parking slot can be made available to 

the users in the mobile application based on the different site maps. The authors have further 

also proposed to incorporate the locations of these parking spaces with different services 

providers such as Google maps. This will further help out to identify the remote parking 

locations which are currently not accessible through Google maps. The proposed mobile 

application will further provide the rental agreement features with its users. This will further 

help to enhance the parking spaces at public or private regions along with providing regular 

compensation to the land owners. 

 

  Fig.1.1 Parking Layout 

1.5 Working Methodology: 

The complete working setup of the proposed intelligent parking system is shown in figure 1.2, 

wherein the flow chart of the setup is discussed. First, the sensor attempts to detect a vehicle 

parked in the parking slot as represented by SPIN-001 in the figure1.2. If it fails to detect any 

vehicle the sensor will turn associated L.E.D. in green color. The green light shows that this 

slot is available for booking. If any vehicle arrives, the sensor tries to detect the vehicle three 

times. If it detects it shows that the slot is occupied and changes color to red. These sensors 

send the signal to the Arduino circuit which is further connected to the server.  

The circuit uploads data on a remote server (Cloud Server). This server maintains the database 

which can be accessed anytime via mobile application or by the monitoring center. 
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                                                         Fig. 1.2 Flow Chart of the Setup 

1.6 Hardware Requirements: 

The hardware requirement consisting of sensors and Arduino circuit are discussed below: 

1.6.1 Arduino MEGA 2560 Circuit: 

The Arduino MEGA 2560 is a circuit having sufficient memory and RAM for the smooth 

functioning of the system.  

It has 54 digital Input/output Pins, 16 analog inputs. It can be connected directly to a PC via a 

USB cable. It can power by an AC-DC adaptor [12]. 

 

Fig 1.3. Arduino MEGA 2560 Circuit 
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1.6.2 Sensor: 

An ultrasonic/Proximity sensor can be used whose aim is to detect the presence of the vehicle 

with further transmission of data signals to the Arduino circuit is shown in figure 1.4. 

 

Fig 1.4: Ultrasonic Sensor 

1.7 App Interface:  

App Interface for User: 

Figure 1.5 shows the interface of vehicle registration where a user can sign up in the 

application where he can register his vehicle in the platform.  

Figure 1.6 shows the interface for booking wherein a user can find the parking lot in his 

location and can further book it in advance.  

Figure1.7 represents the interface for rent parking which will help people to rent their vacant 

parking spaces just by providing few mandatory details basis on which their parking spots will 

be advertised.  

Figure 1.8 shows the application interface for finding nearby parking lot using the parking lot 

location and navigation options for that location.  

Figure 1.9 shows the ticket booking interface of mobile application wherein the user can book 

parking slot. This will also provide the details of the parking lot operator to the user and vice 

versa leading to a better communication.  

Figure 1.10 represents the interface of mobile wallet payment using which the payment for 

parking ticket can be made. The wallet can also be topped-up easily through any online 

payment methods. 
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Fig. 1.5. Vehicle Registration   Fig. 1.6. Advance Booking Fig. 1.7. Rent Parking 

             

               

           
   
 Fig. 1.8. Finding Parking Lot  Fig. 1.9. Parking Ticket          Fig. 1.10. Wallet 

1.8 Application Interface for Management: 

Figure 1.11 shows different options available in the parking lot management application.  

In figure 1.12 there is an option where the manager can configure and add the location of the 

parking lot. In figure 1.13 shows an interface where the parking lot manager can set the rates. 

These rates can be changed in real-time and will be reflected in the user application also.  

Location 

Name 

Vehicle Rgn no. 

Mobile Number 

Name 

Mobile Number 

 
 Name 

Location 

 

Vehicle Rgn no. 

Name 

Cancel Parking 

Enter Amount 
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In figure 1.14 shows an interface where the parking lot manager can check the real time status 

of parking that represents the live availability of vacant and filled lots. In figure 1.15 shows 

an interface where the parking lot manager can transfer the revenue generated from our 

application to his bank account. 

 

   
   Fig. 1.11 Parking Lot                   Fig. 1.12 Parking Configuration   Fig. 1.13 Pricing 

Management 

 

             Fig. 1.14. Status      Fig. 1.15. Transfer Money 

STATS 

CONFIGURE 

RATES 

REPORT 

REVENUE 

GENERATED 

BIKE CAPACITY 

CAR CAPACITY 

WORKING HOUR 
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1.9 Conclusion: 

After a comprehensive study on the smart parking management system, it is found that this 

system will improve the parking facilities in our country. It will also bring a lot of benefits to 

its users which include time and fuel saving.  

This will also provide the options to the users to rent out their spaces and thus would enhance 

their income this will also lead to be an efficient and cost effective parking solution as it saves 

time and fuel through easy accessibility of parking spaces. It will also lead to an increase in 

the safety of vehicles.  

This IoT-based smart parking system can be implemented in smart cities for traffic 

management as well. This will bring endless opportunities for automation in parking along 

with viable economic prospects to its users in our country.  
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Abstract: 
 

In old days, there were plenty of open ground, kuccha roads, and open fields were available 

for receiving rain. Due to this, the rainwater gets easily absorbed into the ground, and the 

management of rainwater was not a big problem. However, as the cities and villages becomes 

more developed, these open fields, grounds are covered with concrete and the rainwater cannot 

get absorbed and collects on the roads, open grounds etc.  

 

But this problem can be solved by storing the rainwater in underground tanks and it is used 

later for irrigation or gardening using Treadle pump. Treadle pump is a foot operated pump 

and consumes no electrical power. The rainwater management solution is discussed in the 

present work, by storing rainwater in the underground tanks and then pumping with treadle 

pump, without consumption of any electric power. 

 

Keywords: Rainwater harvesting, rainwater management, treadle pump. 

2.1 Introduction: 

Treadle pump is a type of suction pump, which is powered by human. It is a type of 

reciprocating pump. It is similar to the hand pump used during old days in homes, which have 

a piston-cylinder type suction pump and was operated using lever provided on top, which 

moves the piston up and down. Treadle pump also contain that type of cylinder piston suction 

pump, but it is operated using foot. 

 

It has two cylinders instead of one. This ensures continuous supply of water during operation. 

It has a lever, which is connected to each piston in cylinder. With suitable mechanism, when 

the levers moved up and down, by foot, they press the piston of pump, alternatively. They are 

moved by pressing treadle lever. 

 

It is mainly used for farming of small land. The main advantage of treadle pump is, by using 

it; the farmers have to not rely on rainwater.  
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They can set this pump near any well, which stores ground water. It can be used to lift water 

from height of 5-7 meters and can deliver water at rate of seven cubic meters to nine cubic 

meters per hour. It can also be used to lift water from lakes or rivers for farming at low cost. 

Mostly, Treadle pump is used by those farmers, which have small area of land for irrigation. 

 

Govt. of India is also reviving ponds under Gurujal Project. Under this project, all the existing 

ponds will be revived to meet the water demands of peoples, during off rain season. 

 

In starting treadle pump was operated with one leg. However, after some improvement in 

design, treadle pump with two levers is introduced. [1]. since, then many improvements in the 

design of treadle pump has been done. 

Treadle pump got its name through its operating levers, which are like treadle. Like, treadle is 

the machine, which is used to do exercise; its lever is also moved in same way up and down. 

The length of lever can be increased or decreased according to the load. With the two-cylinder 

treadle pump, the output supply of water is continuous.  

 

When one cylinder is discharging the water, other is sucking the water. And after that, this 

cycle repeats again and again. With the advancements in the design of treadle pump, its 

operation become much easier. Moreover, due to standardizing its design, its production time 

is improved. The weight of treadle pump is around 5-8 Kg, and dimensions are up to 1.5-2 

meter length and 0.5- 0.75 meter width. The pump can be fixed to the base concrete foundation 

very easily using four struts and nuts. 

 

After fixing to the base, it can be used to lift stored water from height of 5-7 meters very easily. 

Also, this water can be delivered at very long distance up to 9-10 meters very easily. 

 

 

Figure.2.1 Farmer Using Basic Treadle Pump 

2.2 Methodology: 

Rainwater is the water received during rainfall. In old days, this Rain Water Management was 

not a big problem due to the availability of plenty of open ground, kuccha roads, open fields 

etc.  

In addition, Rainwater gets easily absorbed into the ground, which recharge the ground water 

table, and no accumulation of rainwater in open areas for long time.  
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Figure.2.3 Rainwater logging on roads 

Figure.2.5 Rainwater logging on highways 

But as the cities and villages becomes more and more developed, these open fields, grounds 

and roads are covered with thick material like cement concrete, bitumen concrete layer and 

this thick layer does not allow water to pass through them. 

Due to this the rain water can’t get absorbed and will accumulated on the roads, open grounds 

etc. and make its way out through the city drainage system. Due to sudden increase in the 

water amount, these systems get overloaded and this further creates problem. 

 

Figure.2.2 Rainwater logging in open area        

 

Figure.2.4 Rainwater logging at football field 

One way to solve this is to store the rainwater in tanks etc., but to recover that water we also 

have to spend energy. This problem can be solved using Treadle pump. 

https://static.toiimg.com/thumb/msid-78331825,width-1200,height-900,resizemode-4/.jpg
https://s.w-x.co/util/image/w/in-gurugram_0.jpg?crop=16:9&width=480&format=pjpg&auto=webp&quality=60
https://cdn.frontdoorhome.com/ahs/blog/prod/static/cs/ahs/image/water-in-yard.jpg
https://www.lzbearfacts.com/wp-content/uploads/2014/09/DSC_1434-1280x857.jpg
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The rainwater of the rooftops, open ground, open field can be stored in the underground water 

storage tanks, for future use. And this stored water can be conveniently extracted using treadle 

pump. This treadle pump can be easily installed near the storage tanks on flat solid foundation 

using struts and nuts. And connected to the nearby storage tank. 

 

 

Figure.2.6 Under-ground water Storage               Figure.2.7 Water Storage tank at University 

   Tank          Campus 

 

In open public parks, the people who visit park can operate this for watering the plants in park, 

and contribute to the development of park. 

In open fields, the children who used to play in ground can water the grass in the ground using 

this pump. 

Along with this, it can be used in homes also, and can be used for gardening purposes using 

stored rooftop rainwater. 

In open areas like university, college, school playground, this pump can be used effectively 

for watering purposes. 

There are seamless uses of the treadle pump in the management of rainwater. 

If someone wants to monitor the usage of treadle pump, then the smart monitoring system can 

also be integrated with this pump. One such system is as second part of this project, which 

includes smart Treadle pump monitoring system. 

This includes the integration of Internet of Things with the monitoring system. A Wi-Fi based 

microcontroller is used for remote monitoring of the pump. Since in university campus Wi-Fi 

is available, this type of microcontroller is used. However, in open areas like public park, open 

fields, or during irrigation GPRS based microcontroller can be used for remote monitoring. 

Along with the Wi-Fi based microcontroller, a rotary type flow measurement sensor is used, 

which is compact and offer much high accuracy compared to other sensor.  

https://thumbs.dreamstime.com/z/underground-rainwater-storage-tanks-two-plastic-placed-below-ground-harvesting-126661075.jpg
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A mobile application is also developed for android-based smart phones to monitor the usage 

of pump easily for the end user. 

 

Figure.2.8 Treadle Pump Installed on Concrete Base 

 

2.2.1 Working of Treadle Pump: 

 

Figure.2.9 Working of Treadle Pump 
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The working of the treadle pump can be easily understood by above diagram. As already 

discussed, it has two cylinders with piston to create suction. The use of two cylinders ensures 

the continuity in the output supply. Each cylinder contain two non-return valve, one at inlet 

and other at outlet. Also, both pistons are coupled with each other via rope [3]. 

Starting from the right side cylinder in the given figure 2.9, the piston in the right side is 

moving upward direction. And because pistons in both cylinder are coupled, the piston in the 

left side cylinder will move downward. Now, during the upward motion of the piston, the non-

return valve on the inlet of cylinder will open, and the other, at outlet will remain close. Due 

to this, the pressure below the piston will reduces below atmospheric pressure, and water from 

the collection tank or source will rush to the region of negative pressure through inlet pipe. 

During this, the piston will suck water from the collection tank. 

Now, in the next stage, the piston in right cylinder will move downward. During this stage, 

the non-return valve at the inlet will close and the other at outlet will open up. When piston is 

forced to move downward by the user, the pressure below the piston will increases above the 

atmospheric pressure, and due to this, the water collected below the piston will rush to the 

region above the piston through outlet non-return valve. At this stage, the water is still in the 

cylinder but it is shifted from below the piston to above the piston. 

In next stage, the cycle is repeated and the piston will now moves upward, and create suction 

from the source. Now, the upper region is filled with already collected water, so when the 

piston moves upward it pushes the water out to the delivery pipe, which can be used by user 

to fulfil his need. This cycle repeated continuously until the pump is running. Same processes 

also takes place in the second cylinder. 

To enable the remote monitoring of the pump, smart flow measurement device can be attached 

to the delivery pipe, which is designed and fabricated as other project by me. This smart flow 

measurement device uses Internet of things to link the pump with the user’s smart phone. A 

Wi-Fi based micro-controller ESP8266 is used in this along with a rotary type flow 

measurement sensor and a cloud server. 

Specification of Treadle Pump used [4] 

Parameter Value 

Max Flow Rate 5000 lph 

Suction Head 5-6mtrs 

Delivery Head 7-8 mtrs 

Weighting Capacity 12 kgs 

Storage Tank Capacity 500 Ltr 

2.3 Result and Discussion: 

A treadle pump is bought and installed in the university campus, after some modifications in 

the design. It is now used for gardening purposes, using the stored rainwater. The pump is 

installed on a strong concrete base with struts and bolts.  
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The pump can deliver 4000- 5000 lph, and is used to deliver water up to 10 meter away from 

the underground water storage tank and treadle pump. The installation cost of the treadle pump 

is around ₹5000. Anybody can use this pump for watering purposes. Since power and internet 

through Wi-Fi is available in the university campus, smart flow measurement device is 

attached to the pump, which gives daily water usage data over the internet using Internet of 

Things, to the android mobile application developed for the monitoring.  

Apart from this, this treadle pump can be installed in open areas like playgrounds, Public Park, 

school, college or university campus for utilizing the stored rainwater for useful purposes. The 

rainwater harvesting will become much more useful and easy for the people, with this treadle 

pump. There may be other uses of the treadle pump, which are limited by the imagination of 

the end user. 

 

Figure.2.10 Underground Rainwater Storage Tank 

 

Figure.2.11 Watering to Plants 
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Figure. 2.12 Smart Monitoring app   Figure.2.13 Person Using Treadle Pump in  

       University Campus 

2.4 Image Source 

Figure 1- https://www.engineeringforchange.org/wp-content/uploads/2017/07/iDE-

Treadle-pump-main-400x400.png 

Figure 2- https://cdn.frontdoorhome.com/ahs/blog/prod/static/cs/ahs/image/water-in-

yard.jpg 

Figure 3- https://static.toiimg.com/thumb/msid-78331825,width-1200,height-

900,resizemode-4/.jpg 

Figure 4- https://www.lzbearfacts.com/wp-content/uploads/2014/09/DSC_1434-

1280x857.jpg 

Figure 5- https://s.w-x.co/util/image/w/in-

gurugram_0.jpg?crop=16:9&width=480&format=pjpg&auto=webp&quality

=60 

Figure 6- https://thumbs.dreamstime.com/z/underground-rainwater-storage-tanks-two-

plastic-placed-below-ground-harvesting-126661075.jpg 
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Abstract:  

Change in climate, caused by the release of greenhouse effect causing gases (primarily carbon 

dioxide) into the atmosphere, has been recognized as one of the greatest threats of the 21st 

century. Share of the global energy consumption in India and China has also been on the rise 

due to heavy industrialization, urbanization, population explosion, and intensive growth of IT.  

Buildings are the prime energy consumers in modern cities accounting up to 40 to 45% energy 

consumption. Their consumption can be largely confined through improving efficiency, which 

is an effective means to lessen greenhouse gas emissions and slow down depletion of fossil 

fuels.  

There is a heavy (over 50%) saving potential in the building sector and thus it is considered 

as a potential sector to meet the challenges of global energy demand and climate change. 

Along with the advent of energy efficient measures, more effective means are needed to induce 

or compel greater efforts, especially to the signatories of the Kyoto Protocol.  

This technical paper highlights the importance of sustainable construction, discusses role of 

energy efficiency in green buildings in Indian context to reduce the energy consumption and 

environmental degradation through Green House Gas emission (GHG). Also it points out to 

the benefits of green construction as well as the incentives from govt. and municipal bodies 

for GRIHA certified green building. 

Keywords: Green Buildings, LEED, GRIHA. 
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3.1 Introduction: 

Buildings are a major energy consuming sector in the economy. About 35 to 40% of total 

energy is used by buildings during construction. The major consumption of Energy in 

buildings is during construction and later in lighting or air-conditioning systems. This 

consumption must be minimized. Possibly, this should be limited to about 80-100 watts per 

sqm. The building construction industry produces the second largest amount of demolition 

waste and greenhouse gases (35-40%). While, various amenities like lighting, air conditioning, 

water heating provide comfort to building occupants, but also consume enormous amount of 

energy and add to pollution. Further, occupant activities generate large amount of solid and 

water waste as well. The recent trend toward sustainable buildings is obvious in new 

construction as architects and contractors focus on using green techniques in the building 

process – as well as making sure the building follows eco-friendly standards in its usage. 

Renovations and additions follow this same concept. There are steps to be taken to make 

existing buildings follow the same opportunities of green living that are expected from new 

buildings. 

3.2 Concept: 

A feasibility study is an assessment of the practicality of a proposed project or system. A 

feasibility study aims to objectively and rationally uncover the strengths and weaknesses of 

an existing business or proposed venture, opportunities and threats present in the natural 

environment, the resources required to carry through, and ultimately the prospects for success. 

In its simplest terms, the two criteria to judge feasibility are cost required and value to be 

attained. A well-designed feasibility study should provide 

a historical background of the business or project, a description of the product or service, 

accounting statements, details of the operations and management, marketing research and 

policies, financial data, legal requirements and tax obligations. Generally, feasibility studies 

precede technical development and project implementation. A feasibility study evaluates the 

project's potential for success; therefore, perceived objectivity is an important factor in the 

credibility of the study for potential investors and lending institutions. It must therefore be 

conducted with an objective, unbiased approach to provide information upon which decisions 

can be based. A Green Building uses less energy, water and other natural resources creates 

less waste & Green House Gases and is healthy for people during living or working inside as 

compared to a standard Building.  

3.3 Solutions Provided: 

a. Exterior Solutions: Following are the exterior solutions which can be provided easily. 

b. Green Roofs: Green roofs reduce the temperature of the building and the surrounding 

air in multiple ways: Shading: They provide shade to the top of a building. 

Evapotranspiration: the plants in a green roof absorb water through their roots, and then 

use surrounding heat from the air to evaporate the water.  

While some roofs can reach temperatures of up to 90°F in the summertime, these two 

features can allow green roofs to actually be cooler than the surrounding air temperature! 

This in turn mitigates the urban heat island effect. Multiple layers work together to 

produce a green roof’s high efficiency and quality: 
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Fig 3.1 Green Roofs 

 

c. Vegetation: The top layer of a green roof consists of vegetation. Chosen plants should be 

based on the type of roof, surrounding climate, and condition of the building. For flatter 

roofs and stronger buildings, taller and heavier vegetation can be used. Lighter and shorter 

vegetation is recommended for slanted roofs.  

a. Growing Medium: The growing medium is the foundation for all the vegetation on the 

top later. The medium type, mixture and depth area all depend on the plants chosen for 

the green roof. A wind erosion layer, commonly made of burlap jute blankets, can also be 

installed to prevent wind from blowing top soil off the roof. 

b. Root Barrier: Root barriers are associated with deep-rooted plants such as trees and 

shrubs. A root barrier prevents roots from reaching the membrane on the bottom layer, 4 

which when punctured, could potentially cause roof leaks and decay. Common materials 

used for this layer are foil or plastic. 

c. Drainage: A drainage layer is installed to adequately remove excess water from a green 

roof. Green Roof Solutions states that drainage systems are designed to ensure storm water 

can be used by the top plants for extended periods of time without oversaturation of the 

entire green roof system. Note that this layer can also be found above the root barrier layer 

as well.  

d. Insulation: The insulation layer is the protector of the membrane layer below. The 

insulation prevents the weight of the green roof from crushing the insulation and impairing 

the membrane. A light weight extensive green roof can include insulation below the 

membrane.  

e. Membrane Protection: The roof’s membrane needs protection to prevent deterioration. 

The protective layer can be a slab of lightweight concrete, insulation, thick plastic, copper 

foil or any combination of these.  

f. Membrane: A membrane is the bottommost layer of a green roof, and is the main 

separation between the green roof above and the structural supports below. Due to the 

excessive water amounts associated with green roofs, the membrane must be strong 

enough to support this water weight and to not let it seep through.  

g. Building Materials- Concrete is a material that quite literally holds our cities together. 

From homes and apartment buildings to bridges, viaducts, and sidewalks, this ubiquitous 

gray material's importance to modern urban life is undeniable. But you might have heard 

that it also has a dirty secret: the production of commercial concrete materials releases 

tons of the greenhouse gas carbon dioxide (CO2) into the atmosphere each year, 

contributing to the calamity that is climate change. 

h. Grasscrete: As its name might indicate, Grasscrete is a method of laying concrete 

flooring, walkways, sidewalks, and driveways in such a manner that there are open 
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patterns allowing grass or other flora to grow. While this provides the benefit of reducing 

concrete usage overall, there’s also another important perk — improved storm water 

absorption and drainage. 

i. Bamboo: Bamboo might seem trendy, but it has actually been a locally-sourced building 

material in some regions of the world for millennia. What makes bamboo such a promising 

building material for modern buildings is its combination of tensile strength, light weight, 

and fast-growing renewable nature. Used for framing buildings and shelters, bamboo can 

replace expensive and heavy imported materials and provide an alternative to concrete 

and rebar construction, especially in difficult-to reach areas, post-disaster rebuilding, and 

low-income areas with access to natural locally-sourced bamboo 

3.4 Rainwater Harvesting: 

Rain water harvesting is collection and storage of rain water that runs off from roof tops, parks, 

roads, open grounds, etc. This water run off can be either stored or recharged into the ground 

water. A rainwater harvesting systems consists of the following components:  

• catchment from where water is captured and stored or recharged,  

• conveyance system that carries the water harvested from the catchment to the 

storage/recharge zone,  

• first flush that is used to flush out the first spell of rain,  

• filter used to remove pollutants,  

• storage tanks and/or various recharge structures. 

a. Interior Solutions: The following are the interior solutions that must be provided in a 

building. 

b. Flooring: There exists an even wider selection of flooring materials today than ever 

before. The most common include wood, bamboo, tile, vinyl, linoleum, and carpeting. 

When it comes to building green, not all of these materials are equal. For instance, vinyl 

flooring, like other PVC products, is made of petroleum, is not recyclable, and tends to 

off-gas harmful chemicals. Most carpeting is currently made from nylon, another 

petroleum-based product. Neither vinyl nor nylon is biodegradable. Stone flooring is 

durable but non-renewable and requires a large amount of energy for extraction, transport, 

and installation. Bamboo and cork- Bamboo and cork are rapidly renewable alternatives 

to hardwood. Bamboo is harder than hardwood, while cork is softer but just as durable as 

wood. 

c. Lighting Strategies: Daylight, a free resource, is the first factor to consider. Some spaces 

can be lit entirely with day lighting methods. Thoughtfully arrange rooms and partitions 

so that most occupants spend the majority of their time in daylight areas. In office 

buildings, this can be accomplished by grouping private rooms in the centre and locating 

open offices around the perimeter to allow daylight to penetrate more of the building. 

Skylights and solar tubes can also be used to bring light into otherwise dark areas in top 7 

floors. When designing a building to take advantage of day lighting, it is important to 

implement proper window shading to reduce glare and unwanted heat, while also allowing 

light to enter. 

d. Building Insulation: Insulation is not the most attention grabbing building component, 

but it is essential to both the performance of the building and health of the occupants. 

Without sufficient insulation, large portions of the energy used to heat or cool a building 

will be lost to the outdoors.  
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Insufficient insulation can also lead to mild problems as heated air rapidly cools and 

causes water vapour to condense. Historically, 8 mud, asbestos, and cork were used as 

insulation materials for buildings and pipes. The insulation products available today are 

much more effective, especially in conjunction with air sealing and ventilation.  

e. Fly ash Bricks: These bricks do not absorb heat, they reflect heat and gives maximum 

light reflection which causes less heating of huge structures. It provides an acceptable 

degree of sound insulation. The sound produced at one side of a wall made using Fly Ash 

bricks do not let the sound waves pass easily to the other side of the wall due to its 

compactness. Hence they may be considered for the abatement of the noise pollution. 

Double Glass System- An insulated glass unit (IGU) combines multiple glass panes into 

a single window system. Most IGUs are double glazed (two panes of glass) with three 

panes (triple glazing) or more becoming more common due to higher energy costs. The 

panes of glass in IGUs are separated by a spacer and a still layer of air or gas. The glass is 

then fitted into window frames, which is made wider to accommodate the two panes. 

Double glazed windows are an ideal energy efficient choice with the added benefit of 

minimizing noise.  

3.5 Energy Rating System: 

3.5.1 LEED Leadership in Energy & Environmental Design:  

LEED Leadership in Energy & Environmental Design is an internationally recognized green 

building certification system and standard. It delivers third-party verification that a space was 

designed and built using best-in-class strategies to address its entire life cycle.  

Developed by the U.S. Green Building Council (USGBC), of which GBA is a chapter, LEED 

provides building owners and operators with a concise framework for identifying and 

implementing practical and measurable green building design, construction, operations, and 

maintenance solutions.  

LEED can be applied to all building types – and even to entire neighbourhood. Projects can 

earn any of four levels of certification based on the number of points they achieve: 

 

Fig 3.2 Energy Rating System 

All of the LEED rating systems address five main credit categories for certification and, within 

each of them, projects must satisfy prerequisites and earn points.  
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The number of points a project earns determines its level of certification:  

3.5.2 Main Credit Categories:  

a. Sustainable sites credits encourage strategies that minimize the impact on ecosystems and 

10 water resources. (14 possible points total)  

b. Water efficiency credits: It promote smarter use of water, inside and out, to reduce potable 

water consumption. (5 possible points total) 

c. Energy & atmosphere credits: It promote better building energy performance through 

innovative strategies. (17 possible points total)  

d. Materials & resources credits: It encourage using sustainable building materials and 

reducing waste. (13 possible points total)  

e. Indoor environmental quality credits: It promote better indoor air quality and access to 

daylight and views. (15 possible points total) 

3.5.3 Teri-Griha:  

Formed by The Energy and Resources Institute (TERI), INDIA, it identifies projects that have 

demonstrated a commitment to sustainability by designing, constructing or owning a building 

to a determined standard. TERI (GRIHA) certification system consists of 34 criteria of the 

rating under 4 categories namely site selection and planning, building planning and 

construction, building operation and maintenance, innovation. Within each category, the 

credits awarded have an effective weightage by virtue of the numbers of credits awarded 

versus the total credits available. Different levels of certification (one star to five star) are 

awarded based on the number of points earned. The minimum points required for certification 

is 50. Building scoring 50 to 60 points, 61 to 70 points, 71 to 80 points, and 81 to 90 points 

will get one star, two stars, three stars and four stars respectively. A building scoring 91 to 100 

points will get the maximum rating i.e. five stars. 

3.6 Case Study: 

(CII-Godrej GBC) The CII-Sohrabji Godrej Green Business Centre (CII-Godrej 11 GBC) is 

a unique and successful model of public-private partnership between the Government of 

Andhra Pradesh, Pirojsha Godrej Foundation and the Confederation of Indian Industry (CII), 

with the technical support of USAID.  

The 1 858m2 building consists of an office building, a seminar hall and a Green Technology 

Centre, displaying the latest and emerging green building materials and technologies in India. 

The building was the first LEED [6] Platinum-rated building for New Construction (NC) 

outside of the US and a large number of visitors tour the building to view its green features 

annually. According to the Indian Green Building Council, the CII-Godrej GBC building 

“marked the beginning of the Green Building movement in India.”   

• Green Initiatives: 

PEDA Punjab Energy Development Agency (PEDA), Chandigarh is a state nodal agency 

responsible for development of new & renewable energy and non-conventional energy in the 

state of Punjab.  
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Solar Passive Complex, Chandigarh is a unique and successful model of Energy Efficient 

Solar Building, designed on solar passive architecture with the partial financial support of 

Ministry of New & Renewable Energy, GOI and Dept. of Science, Technology, Environment 

and Non-Conventional Energy, Govt. of Punjab.  

It is setup at Plot No. 1 & 2, Sector 33-D, Chandigarh. Architectural building design needs to 

respond to the composite climatic context of the site. The final design solution needs to satisfy 

the diverse and often conflicting conditions of a hot-dry, hot-humid, temperate and cold period 

of Chandigarh.  

3.7 Green Initiatives:  

a. Architectural Design:  

• This building has a 3 Dimensional form responding to solar geometry i.e., minimizing 

solar heat gain in hot dry period and maximizing solar heat gain in cold period.  

• Overlapping floors at different levels in space floating in a large volume of air, with 

interpenetrating large vertical cut-outs enclosed within an envelope. These are integrated 

with light wells and solar activated naturally ventilating, domical structures.  

• On the south western facade, dome shaped concrete structures have horizontal and vertical 

intersecting fins with glass fixed in the voids to allow natural light with reduced glare. 

• These allow indirect light to enter the building in summers and direct sunshine in winters.  

b. Thermal Comfort:  

• The envelope attenuates the outside ambient conditions and the large volume of air is 

naturally conditioned by controlling solar access in response to the climatic swings during 

summer and winters.  

• The large volume of air is cooled during the hot period by a wind tower, integrated into 

the building design, and in cold period this volume of air is heated by solar penetration 

through the roof glazing generating a convective loop.  

• The thermal mass of the floor slabs helps attenuate the diurnals swings. 

c. Orientation: 

• Solar Passive Complex has been developed in response to solar geometry i.e. minimizing 

solar heat gain in cold period.  

• The building envelope attenuates the outside ambient conditions and the large volume of 

air is naturally conditioned by controlling solar access in response to the climatic swings.  

d. Shell Roof:  

• The Central atrium of the complex having main entrance, reception, water bodies, 

cafeteria and sitting place for visitors constructed with hyperbolic shell roof to admit 

daylight without glare and heat coupled with defused lighting through glass to glass solar 

panels. 

• The roof is supported with very light weight space frame structure. 
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3.8 Advantages:  

The world over, evidence is growing that green buildings bring multiple benefits. They 

provide some of the most effective means to achieving a range of global goals, such as 

addressing climate change, creating sustainable and thriving communities, and driving 

economic growth.  

Highlighting these benefits, and facilitating a growing evidence base for proving them, is at 

the heart of what we do as an organisation.  

Following are some of the major advantages of using a Green Building:  

a. Green buildings are designed to be healthier and having more enjoyable working 

environment. Workplace qualities that improve the environment and which help in 

developing the knowledge of workers and may also reduce stress and lead to longer lives 

for multidisciplinary teams.  

b. Reduced energy and water consumption without sacrificing the comfort level. 

c. Significantly, better lighting quality including more day lighting, better daylight 

harvesting and use of shading, greater occupancy control over light levels and less glare.  

d. Improved thermal comfort and better ventilation.  

e. Limited waste generation due to recycling process and reuse.  

f. Increase productivity of workers and machines. It is reported that productivity can be 

increased by about 25% while following such greenhouse norms. 

g. Green building activities result in reduction of operating costs by 25-30%. 

The benefits of green buildings can be prominently grouped within three categories: 

environmental, economic and social.  

3.8.1 Economic:  

a. Reduced costs for site preparation, building materials, and operational costs through 

sustainable siting  

b. Added market value of buildings  

c. Enhanced water efficiency practices leading to reduced annual water costs and municipal 

wastewater treatment costs  

d. Increased local economic development opportunities  

e. Enhanced energy efficiency practices leading to reduced peak power demand, reduced 

demand for new energy infrastructure, lower energy costs to consumers, and up to 70 

percent lower annual fuel and electricity costs  

3.8.2 Social: 

a. Equitable access to infrastructure services, such as transportation  

b. Fewer waste water sources  

c. Fewer new power plants and transmission lines in community  

d. Expanded market for environmentally preferable products  

e. Improved occupancy satisfaction, comfort, and individual productivity  



Advances in Environmental Science and Engineering 

26 

 

3.8.3 Environmental: 

a. Assist in the conservation of environmental resources, while also reducing pollution 

levels, greenhouse gas emissions, and waste. The report cites a 2007 United Nations 

Environmental Program (UNEP) study which estimates that sustainable design and green 

buildings could result in as much as 1.8 billion tones/year of averted carbon dioxide 

emissions worldwide.  

b. Increased land preservation, lower resource and energy use, and the protection of 

ecological resources.  

c. Preservation of water resources for wildlife and agriculture.  

d. Lower electricity and fossil fuel use and decreased impacts of fossil fuel production.  

e. Improved indoor air quality and, in turn, reductions in air pollution levels.  

3.9 Conclusions: 

In today‘s era where energy crisis is a major problem, green buildings gives a brilliant and 

promising solution. These are 20 designed to use minimum energy.  

All the systems for cooling, heating, ventilating are designed such that they require very less 

energy. The IGBC has adopted the LEED rating system for evaluating green building 

performance in India.  

The payback period for existing green buildings range from two to seven years, depending 

upon their certification level. The key challenges for the development of green buildings in 

India are mostly in the lines of awareness on the benefits of green buildings, green materials 

and technology.  

The CII-IGBC and other professionals are working towards addressing these challenges to 

enable developers to operate with ease. Green building is a boon to the society where energy 

and water consumption can be reduced while still maintaining an increase in productivity for 

occupants, their health, safety and wellbeing.  

In today ‘s era green buildings are essential as environmental balance is important for survival 

and further development of human beings, but first people have to be made aware not to see 

green buildings as an extra monetary burden. Green buildings are only way to a sustainable 

tomorrow.  

Improving the quality of life is a goal we all dream for, which can be achieved by using natural 

resources responsibly. Green building concept includes smart approach for the saving of 

energy; it saves our water resources and helps us for minimizing wastages and maximizing 

reuse.  

Green building concepts emphasizes in to improving health and wealth of the society and more 

importantly connects us with nature. It helps for creating jobs, value of resources used, 

increases energy efficient way and adds financial benefits for the society.  

Green building concept is a future need of a country and it leads us towards the healthier and 

wealthier environment and as well as it shows the way to keep in touch with nature. 
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Abstract: 
 

As we can see, the traffic condition is the major problem in India due to the increase in the 

number of vehicles on road and urbanization. This leads to the congestion on road and 

problems for the people.  Some areas of Faridabad are also suffering in terms of infrastructure 

as well as operational efficiencies like narrow roads, inactive traffic signals, etc. Considering 

the infrastructure and functions on the city road, this paper describes the congestion on roads 

of Faridabad and after that, some recommended solutions like the design of the road, plan for 

the regulation for road users. In this paper, an attempt made to show the traffic congestion at 

some intersection points in the city of Faridabad.  

Keywords: Congestion, population growth, practical solutions, IoT 

 

4.1 Introduction: 

Traffic Congestion is a problem which is faced by the whole world due to many reasons. It 

causes the slower speed of vehicles, a lot of time wastage by increasing time of any trip, a lot 

of fuel wastage, increases pollutions and emergency services cannot pass quickly. This paper 

introduces guidance and conceptual framework on traffic congestion to manage and reduce it. 

Faridabad is one of the fastest-growing economic cities of India. The average income of people 

in this city is increasing then the numbers of privately owned vehicles is increasing. As the 

number of vehicles in Faridabad is increasing then growing middle-class families can now 

afford their vehicles like car, bike etc. Faridabad road condition has not kept up with the 

increase in vehicle numbers and this is one of the reasons for traffic congestion in Faridabad.  

As per our survey, we saw that persons are suffering mentally due to stuck in a traffic jam and 

due to this they cannot reach their working place at a suitable time and this is the same 

condition for emergency vehicles because due to traffic congestion emergency vehicles cannot 

reach their proper place on time and not provide their proper services.  

The main objective of the study to identify the impacts and actual cause behind the congestion 

and provide practical solutions for Faridabad to reduce congestion. 
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4.2 Literature Review: 
Rongrong Tian, Xu Zhang suggested to use the TRANSYT traffic modelling software to find 

the optimal fixed-time signal plan and VISSIM micro-simulation software to affirm and 

evaluate the TRANSYT model and to help assess the optimal signal plan; build an adaptive 

frame signal plan and refined and evaluated the plan using VISSIM with VS-PLUS emulator. 

Through micro-simulation, it was shown that delay in the adaptive signal control was 

shortened noticeably than that in the fixed time control.  

JianhuaGuo et al introduced a new method for area-wide traffic signal timing optimization 

under user equilibrium traffic. The optimization model was formulated as a multi-dimensional 

search problem aimed to achieve minimized product of the total travel time associated with an 

urban street network and the variance of travel time for the unit distance of travel.  

A genetic algorithm was developed to derive the model solution. A simulation control protocol 

embedded in PARAMEDICS software tool capable of conducting area-wide micro simulation 

is adopted to design the logic frame and function module of the area-wide traffic signal control 

system. His results show that mobility improvements are achieved after applying the proposed 

model along with the genetic algorithm for area-wide signal timing optimization, assessed by 

extended capacity ratio, and reductions in through and turning movement delays, as well as 

average and variance of travel time for a unit distance of travel. Gustav Nilsson _ Giacomo 

Como focused on a class of dynamic feedback traffic signal control policies that are based on 

a generalized proportional allocation rule. There results in a differential inclusion for which 

there prove the existence and, in the special case of orthogonal phases, uniqueness of 

continuous solutions via a generalization of the reflection principle. Stability is then proved 

by interpreting the generalized proportional allocation controllers as minimizes of a certain 

entropy-like function that is then used as a Lyapunov function for the closed-loop system.  

4.3 Methodology: 
a. This paper is generated based on data. The first step is to collect information about traffic 

congestion by self-survey and snapping the images. So, we go out and see the traffic 

congestion near our home. We will take the help of various websites to know the current 

traffic congestion in the area. 

b. We will try to know the conditions of the area by asking peoples about traffic congestion 

and the problems they face. 

c. Then, we will try to figure out ways to reduce traffic congestion in the area. 

4.4 Study Area: 

Faridabad is the largest city in Haryana, lies between 28.4211N 77. 3078E.According to 

Census 2011, the population of 1404653 with 1890.7/km2 density. It is also one of the fastest-

growing cities of India.  

The route taken is one of the busiest because of the narrow roads and improper functioning of 

the traffic signals. It includes the Faridabad-Gurugram Road, Sanjay Gandhi Memorial Nagar, 

Badkhal, RTO Badkhal, market areas, business offices, etc. The study road is the way to 

significant centres within city areas. 
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Fig 4.1 Study Area 

4.4.1 Impacts of Traffic Congestion: 

a. Due to traffic congestion, there is a lot of time waste.  

b. Due to time lost people drive fast that cause accident and its result in traffic congestion. 

c. Due to traffic congestion, there is a lot of fuel wastage.  

d. Due to traffic congestion pollution level increases day by day.  

e. Due to traffic congestion, emergency services cannot act properly this result in lack of 

emergency services on time. 

4.4.2 Causes of Traffic Congestion in Faridabad: 

a. Traffic congestion is because of quickly increases in a large number of private vehicles 

on the road instead of government vehicles.  

b. Traffic congestion is due to some obstacles like when an accident occurs people make a 

group and result in a traffic jam.  

c. Traffic congestion is due to the slow speed of vehicles because the quality of roads is not 

good.  

d. Traffic congestion is due to smaller space to vehicles because some time people goes on 

roads and not provide proper space to vehicles.  

e. Because of people, they break traffic rules more and due to these accidents increase which 

increases traffic congestion.  

f. Sometimes traffic signals are not working properly because computer malfunctioning 

which causes traffic congestion.  

g. Due to less space of parking people usually park their vehicles in front of the buildings 

often encroaching roads.  
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 4.4.3 Evidence of Congestion: 

 

Fig 4.2 (Traffic congestion at S.G.M. Faridabad) 

 

Fig 4.3 (Non-functioning of Traffic Lights at Faridabad-Gurugram road) 

As we can see, the study area which we have taken, there is no functioning of traffic signals 

which usually creates the traffic-jam in this place.  
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This shows that the steps which can reduce traffic congestion are not implementing properly. 

The traffic congestion in this area is also due to the one -way and narrow roads and people are 

also not following the rules which create traffic congestion. 

4.5 Solution of Traffic Congestions: 

a. Smart traffic signal implementation which can co-ordinate with traffic and respond with 

road capacity and big or small vehicles.  

b. We can use IoT Enabled Real-Time Traffic Management System for managing the traffic 

by using RFID sensors, IR sensors, and traffic lights. 

c. By using hydraulics footpath, in which we use hydraulic footpath which helps in remove 

traffic like when a vehicle deteriorates then the hydraulic footpath gives ways to other 

vehicles by taking footpath in the level of the road. 

d. City bus service should be started in that area so that people reduce the use of personal 

vehicles which causes traffic congestion. 

e. Proper Parking System Set up one or two multistory buildings and arrange a vacant place 

which will give the solution of random parking and parking congestion. 

f. Selective Transport Mode At the office hour time slow transport like a cycle, rickshaw 

should not be permitted in that area. 

4.6 Conclusion: 

From this review study, the current situation of roads, the paper presents some logical solutions 

which can be applied for reducing traffic congestion in Faridabad. The recommendations of 

solutions supportable by financial condition, less harassment to common people, safety from 

accident, reducing trip delay, and welfare for the city environment. The proper monitoring 

system, operational efficiency, etc. can reduce traffic congestion if applied properly. Keeping 

given population and time, Municipal Corporation of Faridabad should apply these solutions 

to maintain the traffic flow. 
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Abstract: 

A network of good roads directly affects the economy of the country. Roads are veins and 

arteries of the nation, which help to transform the pace of development and ensure that 

prosperity reaches the farthest corners of our nation. Deterioration of roads because of flooding 

causes huge amount of expenditure on our already struggling economy. Hence, there is an 

urgent requirement for better and more sustainable road system in the flood prone regions 

specially. This review paper is based on such regions of India and discusses some of the major 

problems faced. 

Keywords: Flood, Embankments, Soil properties, Highway statistics. 

5.1 Introduction: 

India, owing to its topographical and climatic conditions, is among the most vulnerable 

countries to natural disasters in the world. It is hit by some major calamity almost every year. 

High Powered Committee on Disaster Management identified 33 different types of disasters 

affecting various parts of India, out of which flood was the major and the most hazardous one. 

Floods are a very common phenomenon here.  
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Over 8% Indian area, i.e. 40 million hectares is prone to floods and the average area affected 

by floods annually is over 8 million hectares [1]. 

These floods cause immense loss of life and property, pose serious health issues and social 

trauma and are a predominant cause of disruption to the transport section. It gets worsened 

when the connectivity (road-rail network) fails as these roads are built using the conventional 

methods majorly and cannot stand such calamities. In many cases it is seen that the major 

sections of the roads are completely washed off. 

5.2 Major Flood Prone Areas in India: 

The total area affected by floods in India is between 7.5 million hectares and 10 million 

hectares annually. India Meteorological Department (IMD) has divided the contiguous Indian 

area into 33 meteorologically homogeneous sub-divisions mostly on the basis of rainfall.  

Based on the amount of rainfall received and types of flooding situations, the regions have 

been sub-categorized into the following areas: 

2.1 Bihar, Chhattisgarh, Jharkhand and Orissa 

2.2 Assam and other eastern state 

2.3 Kerala, Tamil Nadu and parts of Mumbai 

2.4 Uttarakhand - (floods of 2013) 

As of NHAI 2018-19 records, the average road construction rate was 29 Km/day but in these 

regions it stooped to as low as 1.5 Km/day which was only 0.6 Km/day in 2009-14.  

Ministry of road transport and highways, NHAI and BRO are already working to improve 

these numbers but there are many challenges due to the climatic and topographical conditions. 

 

Figure 5.1a: flood hazard map highlighting areas most prone to flooding [1]. 
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Every year these floods cause huge damages in the subcontinent. On an average, 8 million 

hectares of land gets covered with water per year and INR 5431Cr of property is ruined with 

includes the damage to roads, crops, public buildings and houses. 

 

 Fig. 5.1b: flood damage statistics over the years 

5.3 Various Problems in Road Construction: 

There are many reasons that directly or indirectly affect the construction works, pose problems 

in rehabilitation work and other factors that cause degradation of the soil quality. The factors 

discussed here are: 

5.4 Flashing Floods: 

• Major characteristics: loosening of subsoil, Prone to landslides 

The high velocity running water sweeps away the subsoil leaving the structure hanging above 

hollowness making it vulnerable to cuts, cracks and even landslides.  Heavy flood damage 

was inflicted during the monsoon of 1955, 1971, 1973, 1977, 1978, 1980, 1984, 1988, 1989, 

1998, 2001 and 2004 and not to forget the most hazardous case of 2013.[4]. During flashfloods 

of Uttarakhand-2013, due to the cloud outburst, the high velocity rain water swept away the 

subsoil and the structure above causing immense landslides in the area and also making it 

difficult for rehabilitation works. The roads were seriously damaged more than 450 places. A 

total of 1,936.36 km of major roads and 8,099 km of rural roads were damaged. A total of 

2,217.36 km of major roads were damaged. “Close to 50 percent of the state’s area is above 

the tolerance limit of 11.2 tons per hectare per year of soil loss,” Mahapatra, Principal 

Scientist, ICAR-National Bureau of Soil Survey and Land Use Planning, told in one of his 

statements. 
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Indian scientists have been trying to reach the root cause of this problem. They have developed 

a soil loss map of Uttarakhand that will help pinpoint the most affected areas where further 

tests and data collection will be done. Also, a three-tier wall is being built to save the town 

from any flood in the future. 

 

Figure 5.2: A soil loss map of Uttarakhand. Photo by SK Mahapatra. [8] 

 

Figure 5.3: a three tier wall-ongoing project in Uttarakhand. [9] 

5.5 Alternate Wet Dry Conditions:  

• Major characteristics: -The cohesion property of soil is affected that indirectly reduces the 

shear strength of the soil leading to its erosion. 

The alternate wet and dry weather conditions corrode the soil quality and promote the chances 

of its erosion making the construction works more challenging. Odisha faced this issue while 

constructing its 163km long Rourkela-Sambalpur toll-way road extension project.  The project 

is along the state highway SH-10, extending the original two lanes to four lanes. The 

embankment slope lengths were as long as 16 meters with a slope gradient of 2H: 1V. Such 

slopes are susceptible to erosion due to rainwater run-off and progressive attrition can 

compromise the stability of the vital earth structure. [10] 
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 Figure 5.4: Section of State Highway SH-10[10] 

Stone pitching is a conventional erosion control technique for embankment slope but it is 

highly labor intensive. With these factors and the new government policies emphasizing green 

highways with low carbon footprint, the Strata Web system is the best option.   

The Strata Web innovative solution for side-slope protection is cost-effective, technically-

sound, long-lasting and eco-friendly.  

The technically advanced solution leaves a low carbon footprint and lush greenery along the 

highway embankment slope, besides protecting the slopes against erosion. It provides a stable 

layer of vegetation over the slope surface. Roots of the vegetation further prevent erosion. 

 

Figure 5.5: Stone Pitching on side slopes of highways [10] 

5.6 River Line Flooding: 

• Major characteristics- Water logging makes subsoil saturated; Bearing capacity of soil is 

reduced. 
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A River line flood occurs when the water level in a river, lake or stream rises and overflows 

onto the surrounding banks, shores and neighbouring land. The water level rise could be 

due to excessive rain or snowmelt. river line Flooding leads to water logging in already 

moisture laden land making it swampy in texture.  

Thus it loses its bearing capacity and becomes unfit for direct construction. . When roads are 

inundated for a long time or repeatedly, the materials in each layer of road structure become 

saturated, and the original condition of subgrade soils will be compromised. The excessive 

water can drain into the foundation reducing its load bearing efficiency. 

The increased river discharge in the coastal regions of Kerala leads to slow flooding that 

causes tremendous damage to roads and is terribly expensive. 

 

Figure 5.6: River line flooding in Kerala [2] 

The most probable solutions that can be provided for this case can include- 

Protecting embankments, soft armoring and reinforced vegetation.  

5.7 Immediate Requirements: 

In India we are still following the conventional techniques of construction in most areas. Some 

of them have even become outdated and cannot provide the necessary stability and strength in 

such regions.  

Hence new reforms are a need of the hour. Some of them include:- Properly implemented 

flood risk management system; better road designs; use of proper embankments;  Use of 

skilled laborers and modern machinery(for clearing muck); imbibing modern construction 

techniques; Strict inspection by the concerned authorities 

The bottom line is that though there are many issues and the process is quite challenging due 

to terrain, climatic and other reasons. But on the brighter side the authorities are working on 

these and soon will overcome these problems. 
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Figure 5.7: Modern Road Design plan [5] 

5.8 Current and Upcoming Projects: 

A network of stronger, safer, all weather roads is being built, in the State over the past four 

years.  

Till 2014, the length of National Highways was 2,509 km. In 2018, NH length has reached 

3,492 km.  

The completion of the Delhi-Meerut Expressway and Delhi Saharanpur Highway will result 

in greater savings in time, cost and fuel for Uttarakhand bound vehicles.  

Over Rs. 5,000 Cr will be invested to build 983 km of new National Highways. 

Work is in progress on 66 projects worth Rs. 12,300 Cr, spanning a length of 800 km. Under 

Chardhamprogramme, 37 projects of 633 km length, worth a total cost of Rs. 8,500 Cr have 

been sanctioned.  

Out of these 23 projects of 385 km length worth Rs. 4,100 Cr are ongoing and the remaining 

ones are at tender/award stage.  

A total of Rs. 30,000 Cr worth investments will be made towards road development in the 

State. [3] 
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Abstract: 

  
Butanol is an important class of bio manufacturing. It has been widely used as an important 

feedstock for chemical production, renewable energy source and industrial solvent. For its 

superior properties it is used as a better substitute with gasoline. Butanol production through 

Acetone-Butanol-Ethanol fermentation tolerate only 2% of Butanol with other undesired 

products.  

To overcome this limitation nowadays newly invent techniques is implemented, where 

Butanol is synthesis by Genetic and metabolically engineering pathways. In this technique, 

the organisms are genetically modified to produce desired product. This new era of technology 

not only solve the problem of biofuel production but also preserve the environment from 

destruction and for future generation. 

 

Index Terms: Butanol, Fermentation, Genetic Engineering, Renewable energy 

6.1 Introduction: 

“Bio manufacturing is a type of manufacturing that utilizes biological systems which include 

living microbial cells, plant cells, tissues, enzymes or enzymatic system to synthesize 

commercially important macro and micro biomolecules for their commercial use in the various 

industrial and medical fields such as food, material, energy cosmetics, fuels and 

pharmaceutical industries [2, 7].  
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The products of bio-manufacturing may also extract from microbial cultures i.e. (primary and 

secondary metabolites). Bio manufacturing history classified into three main revolution on the 

basis of specific product, platform of production and research technologies [5]. The synthesis 

of primary metabolites such as Butanol, acetone, ethanol, citric acid through the process of 

mono-culture fermentation come under 1.0 Bio manufacturing, mainly focus on primary 

metabolites synthesis [2]. The 2.0 Bio manufacturing mainly focus on secondary metabolites 

production of antibiotics such as penicillin and streptomycin. The 3.0 bio manufacturing is for 

the synthesis of macro biomolecules such as enzymes and proteins mostly pharmaceutical 

compounds (human insulin, amylase, DNA polymerase, amylases, Follicle- stimulating 

hormone FSH, Bovine, proteases) through recombinant DNA technology. The 4.0 bio 

manufacturing target newly advanced products like artificial synthesis of human tissues and 

antibodies by hybridoma and stem cell technology, invitro through regenerative technology, 

production of artificial starch by invitro synthetic bio systems, production of iso-butanol for 

biofuels blending by metabolic engineering pathways as massive upgrade in the field of 

research.  

The 4.0 bio manufacturing focus on the necessary and important challenges of mankind which 

mainly include food security, renewable energy and sustainability, water crisis, climate change 

and issues of health and also the conflict related to renewable energy i.e. Biofuels [6]. 

Nowadays more concern is given to bio manufacturing 1.0 and 1.4 [2]. Due to diminishing 

resources of oil and reinforcement of environmental concerns have shift our focus towards the 

production of alternative biofuels. To resolve this shortage of fuel production and supply, the 

concern towards eco-friendly renewable energy source is very necessary. This not only solve 

the problem of biofuel production but also preserve the environment from destruction and for 

future generation. At present, Butanol is interestingly potentially usable renewable energy 

source [1]. The energy content of Butanol is very high with low pollutant emanation make it 

feasible for easy liquid transportation biofuel and as a biofuel for existing cars [4]. 

It has many uses in various industries of chemical and cosmetics [1]. Every year through 

petrochemical routes around 10-12 billion pounds of n-Butanol is produced [1]. Now-a-days, 

Butanol is achieving the global requirements of gasoline and diesel. The demand for Butanol 

exceeds every year and valued over 6$ billion as per according to 2016 data [4]. Biobutanol, 

particularly n-Butanol (C4H9OH) is a primary alcohol with four carbon chain. It is gaining 

more attention because it acts as substitute of gasoline and also called as next- generation fuel. 

The main advantage of n-Butanol (C4H9OH) includes less hazardous compound, less 

hygroscopicity, high octane number, high energy content, flexible for fuel blending, less 

volatile solvent. It can be used for blending in higher concentration in pure form with gasoline 

as compare to other solvents such as ethanol (CH3CH2OH) which shows 85% of blending 

with gasoline [4].It has superior fuel properties as compare to ethanol for the better 

replacement for gasoline. Butanol energy value is (29.2 MJ/L), which is probably 30% 

appreciable than (CH3CH2OH) ethanol and from gasoline it is 10% less [8]. It has closer ratio 

of air-to-fuel to gasoline, which indicates that they have similar fuel properties. Furthermore, 

low vapor pressure of Butanol allows its utilization in gasoline transport pipelines [4].Due to 

hike in the prices of crude oil generate our interest to produce Butanol as alternative fuel 

through biological process and metabolic engineering pathways [4].Metabolic engineering , 

which emerged in 20 years ago is directed modulation of metabolic pathways for over-

production of desired metabolites or also the improvement of cellular properties, on the other 

hand newly develop approach of synthetic biology mainly focus on fundamental research 

facilitated by the utilization of synthetic DNA and genetic circuits.  
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Several common example of synthetic biology approach include antimalarial drug artemisinin 

by genetically engineered E.coli and yeast 

In other words if the number of items constituting population is fixed, it is known as finite 

population. If the population consists of an infinite number of items, it is called infinite 

population. 

 

 

 

 

 

 

 

Fig. 6.1: Types of Bio manufacturing 

6.2 Biological Production of Butanol through Abe Fermentation:  

The acetone-butanol-ethanol fermentation or ABE fermentation is one of the prominent and 

ancient biological method of fermentation mainly accomplish through different Clostridium 

species which include C. acetobutylicum and C. beijerinckii in which glucose, xylose, 

cellobiose, mannose like sugars is use as soul carbon source to convert into primary 

metabolite’s like butanol, ethanol and acetone. Corn, molasses, rice, potatoes, wheat are some 

conventional feedstocks used for the production of butanol. The only problem with these 

feedstocks they mainly depend on starch and restricts the Clostridium species amylolytic 

activity and not fulfil the requirement of upstream processing i.e. hydrolysis and pre-treatment 

activity [8]. The starch dependent feedstock merely not prove economical due to their high 

cost and it increases the concern of food verses fuel which lead to production of substrate like 

lignocellulosic biomass for butanol production. The lignocellulosic biomass for Acetone-

butanol-Ethanol covers corn stover fiber, sunflower shells, timothy, and wheat straw [4]. The 

Acetone-butanol-Ethanol is batch culture type fermentation in which Glucose is used as 

carbon source i.e. substrate. All the constituents for fermentation prepared under sterile 

condition with anaerobic environment provide to the reactor through N2 or CO2 gases [4]. 

The inoculation is provided in the medium with overnight grown Clostridium with the 

incubation of 35°C.The total time of fermentation lasts for 36-72 hours with 20-25 g/l 

(butanol) of production. Among all the Clostridium family C. acetobutylicum studied in broad 

prospects due to high butanol producing ability.  
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The fermentation through Clostridium is biphasic, it involves both solvent genesis and 

acidogenesis. Moreover, acidogenesis is responsible for production of acids and solvent 

genesis is responsible for the production of solvents such as butanol, ethanol and acetone. The 

key enzyme involve for the production or biosynthesis of solvents with coded genes are 

acetoacetyl-CoA thiolase (thl), aldehyde/alcohol dehydrogenase, (adhE/adhE2), 3- 

hydroxybutyryl-CoA dehydrogenase (hbd), crotonase (CRT), butyryl-CoA dehydrogenase 

(BCD) [4].  

These are the most essential genes that are required for the conversion of acetyl CoA to 

butanol. Further rate limiting steps are also present which decreases the rate of reaction. The 

Clostridium not only produce butanol as end desired product along with butanol other 

compounds are produced such as butyric acid, acetic acid, ethanol and acetone. The whole 

anaerobic fermentation process lasts for almost 72 hours. The complete Acetone-Butanol-

Ethanol collected is approximately 20-25 g/L. The inhibition of synthesis of butanol identified 

at a 5-10 g/L of concentration. Clostridia tolerate more than 2 % Butanol [4]. 

 

 

 

 

 

 

 

Fig. 6.2: ABE fermentation pathways 

6.3 Butanol Production Challenges through Abe Fermentation: 

6.3.1 Butanol Toxicity:  

As we know that Clostridia tolerate only 2% of butanol. Butanol is more toxic that ethanol 

and acetone and a big drawback for the overall yield of butanol in the whole Acetone-Butanol 

-Ethanol fermentation process [4]. This declines the productivity of butanol in industrial level 

production. The butanol toxicity occurs due to hydrophobicity and related alcohols which may 

disturb the cell membrane of bacteria. In C. acetobutylicum high level of butanol cause 

changes in the structure of cell membrane. Ethanol, short chain aliphatic alcohol decrease 

fluidity of membrane whereas as long chain aliphatic alcohol increases the fluidity of 

membrane. Butanol cause fluidity in membrane by entering inside the membrane.  
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Other than butanol toxicity the ABE fermentation is also inhibit by other micro-organisms 

contamination and phage such as bacteriophage, concentration of nutrients and type of salts, 

types of substrate, oxygen diffusion, accumulation of macromolecules. High level of butanol 

alters the membrane of cell and may also disturb composition of cell membrane.  

Aliphatic alcohol which are short chain reduces membrane fluidity on the other hand long 

chain aliphatic alcohol increases membrane fluidity. Other impact of butanol on the bacterial 

cells as a result of membrane fluidity are destabilization of cell membrane and disturbance of 

other physiochemical features such as permeability of membrane, glucose uptake, transport of 

solute, intracellular ATP level. Bacteriophage contamination is very common technical 

challenge. The ABE fermentation is also influenced by bacteriophage contamination. To 

overcome limitations of butanol, newly invent techniques implement nowadays where butanol 

is synthesis by Genetic and metabolically engineering pathways [4] 

6.2.2 Butanol Recovery Limitations:  

The partial miscibility of butanol in water is as progressive quality in preventing engine 

corrosion and use in higher concentration. This property various technical issues during the 

recovery of whole product. Biobutanol solubility in water is 7.7% (7g/L) at 20 °C [4]. While 

primary butanol is soluble in water, secondary butanol is largely water soluble, and tertiary is 

completely soluble.  

The OH-group in alcohol increases their polarity and initiate aqueous solubility, due to 

increases in the length of carbon chain which tends to decrease its solubility in water. All the 

alcohol group such as Methanol, ethanol and propanol are completely soluble in water except 

butanol due to its long carbon chain. The recovery of butanol through fermentation includes 

some chemical technologies such as liquid-liquid extraction, prestraction, pervaporation, 

adsorption, distillation. During the butanol recovery by adsorption take place more chances of 

disturbance by other alcohol will also take place as ethanol could compete butanol at 

adsorption site.  

The butanol recovery is also influenced by butyric acid and acetic acid as well as the nutrition 

in fermentation broth also compete and disturb overall recovery. The oldest method of butanol 

recovery is Distillation. It is one of the traditional methods which involve azeotrope to 

differentiate alcohol from solution which are diluted. The energy required for distillation is 

very high because boiling point of butanol(117.7°C) is very high as greater than water. The 

overall concentration of acetone, butanol and ethanol is 18-33 g/L in the fermentation broth 

and the concentration of butanol 13-18 g/L.  

Gas stripping is another important technology that removes OH-group from vapor phase with 

the help of molecular sieve. In this process mixture of gases like, Nitrogen, carbon-dioxide 

and hydrogen expel from fermentation medium using different kind of shafts. The gases help 

to capture butanol fermenter. On the other hand, liquid-liquid extraction relies on coefficients 

of distribution and extraction solvent of fermentation medium. Acetone, butanol ad ethanol is 

recovered using an extracting solvent with the fermenter medium. Some important extracts 

studied for recovery of butanol include esters, alkaline, hexanol, vegetable oil. The one of the 

drawbacks of liquid-liquid extraction is it forms subsequent emulsion formation. Pevaporation 

is another technique other than liquid-liquid extraction to extract the alcohol [4]. 
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6.3.3 Butanol Production through Metabolic Engineering Pathways:  

Microorganisms that are metabolically engineered to switch renewable carbon sources into 

desired fuel products are considered as the best choice to obtain high volumetric productivity 

and yield. The new approach of butanol production through metabolic and genetic engineering 

pathways has deducted many limitations of butanol and increases butanol yield titer and 

productivity. This help to improve total productivity of Clostridium solvent genic pathways. 

The new era of bioinformatics, Recombinant DNA technology, mutagenesis metagenomics, 

proteomics like advanced tools genetically changed metabolic pathways of micro-organisms 

and target only on desired product. The mutant strain through metabolic pathways in 

Clostridium focus on high cell density, persistent cell viability, no spore formation, tolerance 

to aerobic condition and main focus on high tolerance to metabolites like butanol, ethanol and 

acetone. And also help to generate strain which directly utilize lignocellulosic feedstock. This 

synthetic biology approach works on carbon catabolite repression and mutates strains, glucose 

selective strain and xylose selective strain through glucose selective pathways for better 

productivity and also increases butanol tolerance [3]. Adding mutations in bacterial species 

help in boosting and reshaping overall industrial production of butanol refinery. Other than 

Clostridium, other genetically modified organisms like E.coli also used for advance butanol 

production. 

 

 

 

 

 

  

Fig. 6.3: Genome editing from Biotechnological tools 

6.4 Recombinant Butanol Production in Escherichia Coli: 

E.coli is gram-negative, facultative rod-shaped bacteria with known rod-shaped. E.coli has the 

unique advantage of being the best-studied model organism in terms of gene-regulation and 

expression. The vast knowledge of genetic, metabolic and physiological properties of E.coli 

allow its reconstruction for production of different target compounds. The important relevant 

characteristics of industrially important butanol include induce genetic modifications to 

increase the capacity to grow on mineral media, easy and quick growth, capacity to grow on 

both anerobic and aerobic conditions. It also successfully engineered to produce hormones 

and different proteins [9].  
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E.coli proven to be as potential host for expressing important genes and for the process of 

cloning to produce bioethanol. E.coli has the unique property to utilize two sugars through 

Carbon Catabolite repression. The genes responsible for glucose uptake ptsGcrr then become 

dephosphorylated and prevents activation of adenylate cyclase.  

The overall reaction gives limited amount of catabolite activator protein (CAP) and cAMP 

complex. To overcome the problem of CCR two strains genetically engineered and utilization 

of glucose and xylose simultaneously. Two strains metabolically engineered to develop 

glucose selective strain and Xylose selective strain [9]. Both the strains sequentially consume 

sugar and only constructed for the production of butanol as desired product.  

The bioinformatically tools plays an important role for the construction of strain. As we know 

that the whole data of E.coli is available and coded bioinformatically. Nowadays synthetic 

biology approach evolves for butanol production of butanol. Antisense RNA technology also 

been applied for the production of improved ABE fermentation. The antisense RNA is single 

stranded RNA complementary to as transcribed messenger RNA strand. Addition of antisense 

RNA strand inside the cell with the help of stoichiometric effects inhibits the translation of 

complementary mRNA.  

Synthetic biology approach applied to develop microbial strains tolerant to high butanol 

concentration and other solvent stress. An increase in the concentration of butanol in the whole 

process of fermentation induces as response which is almost similar to heat shock.  

The important role of heat shock in this process in not understood properly. So, the synthetic 

biology approach plays an important role for metabolically production of butanol. It makes an 

easier way for the production of butanol. Metabolic engineering of microorganism has enabled 

the incorporation of non-native pathways to generate high value drop in alcohol biofuels. [4] 

 

 

 

 

 

 

 

Fig.6.4: E. Coli Genome Editing 
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6.5 Conclusion: 

Bio manufacturing mainly focus on human welfare and development. It addresses several 

important issues of mankind such as water crisis, renewable energy and sustainability, issues 

of health and major concern on biofuels (ethanol, butanol). Butanol serves as advanced biofuel 

having all properties similar to gasoline and produced through ABE fermentation in which 

only 2% butanol is produced (2% tolerance) with other solventogenic compounds (ethanol, 

citric acid, acetone) a big drawback to overall industrial progress. Newly develop synthetic 

biology approach is applied nowadays in which metabolic pathways are genetically 

engineered to increases the butanol tolerance and selectivity. This newly developed technique 

improves the whole recovery process of butanol and could make it as drop-in fuel replacement 

for gasoline. 
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7.1 Abstract: 

Due to rapid industrialization and other anthropogenic activities the water is pervaded by 

heavy metals and dyes which makes water unfit for human use. Presence of heavy metals and 

dyes in water above the permissible range is a challenge for scientists, municipalities, 

engineers and environmentalists. Heavy metals and dyes are non-biodegradable and toxic in 

nature which leads to many health and environmental issues. Thus, from an environmental 

point of view, the removal of dyes and heavy metals is very important. In the same concern, 

modified graphene oxides had shown high adsorption ability in recent years. This chapter 

reveals the results of adsorption of heavy metals and dyes by graphene oxide nanoparticles. 

Various methods with few modifications were used in synthesis of Graphene oxide 

nanoparticles. The performance of modified graphene oxide nanoparticles with respect to 

adsorption of heavy metals and dyes was evaluated at different operational parameters such 

as contact time, dosage of GO, rpm, initial concentration and pH. Uptake and percentage of 

removal of heavy metals and dyes increased with increase in contact time, rpm and adsorbent 

dosage. This book chapter provides a method which is efficient, eco-friendly, less time 

consuming and reusable.  

 

Index terms: Heavy metals, degradation, dyes, adsorption 

7.2 Introduction: 

With the rapid industrialization, dye and heavy metal pollution due to discharge from dyeing, 

tanneries, pulps, textile, petroleum and chemical industries has become the most serious 

environmental problem. Many dye pollutants are organic molecules containing polar 

functional groups, which are soluble in water, not easily degradable while heavy metals are 

inorganic molecules which are non-biodegradable and toxic in nature and could easily diffuse 

into the environment. Therefore, it is necessary to treat wastewater loaded with heavy metals 

and dyes before disposal to the water bodies. Various technologies have been studied for 

removal of dyes and heavy metals from wastewaters, including biodegradation, ultra-filtration, 

photo-catalytic degradation, oxidation and adsorption. Among these, carbon adsorbents and 

bio adsorbents are also used for this application [1].  
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The effectiveness of any adsorption process largely depends on the physicochemical 

properties of the used adsorbent. Nanotechnology is most emerging field of science and 

engineering in which nanostructures has being designed, engineered and fabricated by 

manipulation of matter in ranged from 1 to 100 nm [2]. Nanoparticles have significant 

properties which makes them apt for adsorption processes [3]. Nanoparticles can be metal 

based, polymer based and carbon based.  

Graphene oxide (GO), a carbon based nanomaterial, presents a wide range of active 

oxygenized groups on its surface, can be used as an effective adsorbent to remove dyes and 

heavy metals from water [4]. It also possesses properties such as oxidation-reduction indicator 

and antiseptic. Among all the activated carbons and other nanocarbontubes, GO is the one of 

the most promising material to adsorbed heavy metals and dyes [5] due to its large theoretical 

surface area, hydrophilicity, and negative charge density.  

7.2.1 Graphene Oxide as the Adorbent for Heavy Metals and Dyes: 

This section shows various researches revealing the efficiency of differently synthesized 

Graphene oxide for adsorption of heavy metals and dyes from waste waters. 

7.2.2 EDTA-Functionalized Magnetic Chitosan-Graphene Oxide Nano-

composites (EDTA-MCS/GO): 

Shahzad et al (2017) explored application of Graphene-based two-dimensional nanomaterials 

in treatment of heavy-metal-rich wastewater. EDTA-functionalized magnetic chitosan-

graphene oxide nanocomposites (EDTA-MCS/GO) were prepared by using a reduction 

precipitation method and applied for the removal of Pb2+, Cu2+, and As3+, from aqueous 

solutions. FTIR, XRD, SEM, MPMS, zeta-potential and BET characterization of 

nanocomposites showed the composition of the formed nanoparticles. The various influencing 

operating parameters, like metal ion concentration, pH, temperature, and contact time on the 

removal of the metal ions, were investigated [6]. Owing to the functional moieties, large 

specific surface area, and hydrophilic behaviour the magnetic nanocomposite demonstrated 

excellent removal ability with a maximum adsorption capacity of 207.26 mg g-1, 42.75 mg 

g−1 and 206.52 mg g-1 for Cu2+, As3+ and Pb2+ respectively. The equilibrium data was 

tested by Freundlich isotherms and Langmuir, the result revealed that Pb2+ and Cu2+ 

followed Langmuir isotherm while As3+ followed Freundlich isotherms.  Pseudo-second-

order kinetic models was best fitted to the adsorption kinetics. The nanocomposite was reused 

in four successive adsorptions–desorption cycles, revealing a good regeneration capacity of 

the adsorbent. 

7.2.3 Magnetic Graphene oxide:  

The magnetic graphene oxide (MGO) were synthesized by fabricating the surface of graphene 

oxide (GO) with iron particles (Fe3+). The characterization of magnetic graphene oxide 

includes UV-VIS, FTIR, SEM, XRD and VSM analysis. Efficient removal of heavy metal 

ions like Pb2+, Cr3+, Cu2+, Zn2+ and Ni2+ were evaluated by using Atomic Absorption 

Spectroscopy (AAS). The various adsorption parameters for removal of heavy metals were 

pH (3-9), temperature (25-55°C), contact time (10-65 min) and adsorbent dose (0.002 – 0.016 

g) [7].  
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The maximum adsorption capacities at pH 7 for Zn2+, pH 5.0 for Pb2+, pH 6 for Cr3+, pH 6 

for Cu2+, and pH 8 for Ni2+, ions were 200 mg g-1, 62.89 mg g-1, 63.69 mg g-1 and 51.02 

mg g-1 respectively. The adsorption processes were endothermic and spontaneous; followed 

pseudo-second-order kinetics model and Langmuir adsorption isotherm. Additionally, 

magnetic graphene oxide revealed excellent antimicrobial properties with removal efficiency 

of 98.78%, 97.15% and 97.68% of Enterobacter agglomerans, E. coli, and Yersinia ruckeri, 

respectively. On this basis, magnetic graphene oxide has potential for removing the heavy 

metal ions and effective disinfection control of aqueous solution with economical reusability. 

7.2.4 Graphene Oxide−Zirconium Phosphate (GO−Zr-P): 

The surface of graphene oxide was functionalized by Zirconium (Zr) and Phosphate (P) to 

form graphene oxide−zirconium phosphate nanocomposite for the removal of heavy metals 

from aqueous medium. The GO−Zr-P nanocomposite was analysed by X-ray diffraction 

analysis, transmission electron microscopy, scanning electron microscopy, X-ray 

photoelectron spectroscopy, and zeta potential analysis [8]. The effects of initial 

concentrations, pH, and contact time were studied in the removal of heavy metal. The results 

indicated that, maximum adsorption capacity can be achieved at pH 6 for Zn2+, Pb2+, Cd2+, 

and Cu2+ as 251.58 mg g-1, 363.42 mg g-1, 232.36 mg g-1, and 328.56 mg g-1, respectively. 

After 20 min, removal efficiency was ∼99%, through the dispersion of 150 mg of GO−Zr-P 

nanocomposite in 50 ppm of 100 mL heavy metals solution. The pseudo-second-order kinetic 

model and followed Langmuir and Freundlich isotherms. The XPS results demonstrated that 

the adsorption mechanism of zirconium (Zr) and phosphate (P) on the Graphene Oxide (GO), 

as well as adsorption of metal ions on the GO−Zr-P nanocomposite, were chemisorption, 

mainly through its surface complexation. The results confirmed that GO−Zr-P nanocomposite 

could be a promising sorbent for efficient and regenerable removal of heavy metals from 

aqueous medium. 

7.2.5 Iron oxide-reduced graphene oxide nanocomposite: 

The iron oxide-reduced graphene oxide nanocomposites were synthesized by a facile one-step 

process. The magnetic iron oxide is highly dispersive in rGO. The morphological makeup of 

iron oxide-reduced graphene oxide nanocomposites is of very fine spherical particles in Nano 

range. Fe304-rGO shows saturation magnetization approaching 59 emu g-1 and super 

paramagnetic properties at room temperature. The adsorption of As5+, Pb2+, and Ni2+, onto 

the Fe304-rGO showed pseudo-second-order kinetic model and followed both Freundlich and 

Langmuir isotherms, which indicates monolayer adsorption of the adsorbents and surface 

heterogeneity [9]. Fe304-rGO exhibits magnificent potential for heavy metals adsorption. The 

maximum monolayer adsorption capacities calculated by Langmuir equation are 65.79 mg g-

1 for Pb2+, 76.34 mg g-1 for Ni2+, 58.48 mg g-1 for As5+. The Fe304-rGO nanocomposite 

demonstrated potential for adsorption of toxic metals ions from aqueous medium. 

7.2.6 Fe3O4/SiO2-GO: 

A new approach is reported by Bao et al 2020 for synthesis of magnetic graphene oxide 

nanocomposite by using n-Propyltrimethoxysilane as cross coupling agent for connecting 

Fe3O4/SiO2 and graphene oxide (GO). The synthesized GO was extracted by the solution 

with the help of permanent magnet and was used in the removal of cadmium and lead from 
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the aqueous medium [10]. The various operational parameters were examined and the result 

came to be quite impressive as the adsorption capacity came to be 385.1 mg g-1 for lead (Pb) 

and 128.1 mg g-1 for cadmium (Cd) respectively. The presence of other metals like sodium 

(Na) and potassium (K) had little influence on the adsorption capacities of lead and cadmium. 

The adsorption followed pseudo-second order kinetics and Langmuir isotherms. The 

synthesized Fe3O4/SiO2-GO nanoadsorbents exhibited magnificent recyclability, 

reproducibility, and long-time stability. This study indicates that Fe3O4/SiO2-GO adsorbents 

can be opted as an effective sorbent and in rapid removal of heavy metal ions from aqueous 

medium. 

7.3 Conclusion: 

Based on researcher reports available, it was observed that graphene based nanoparticles are 

effective adsorbents for removal of heavy metals like cadmium, copper, chromium, mercury, 

lead and commercial dyes from water. The removal capacity of functionalized graphene oxide 

nanoparticles was found to be higher than traditional sorbents. In the study it was found that 

heavy metal loaded nanoparticles can be reused after desorption of heavy metal by treating 

them with suitable chemicals which makes them more useful for water treatment. Further, it 

was also observed that graphene based nanoparticles with treatment with other plant extracts 

or chemical can be efficiently used for removal of more than one heavy metal and dye from 

the water. By this it is concluded that graphene based nanoparticle can be used in the treatment 

of wastewater for removal of heavy metals and commercial dyes as these are environmental 

friendly, easy to use, effective and time saving process. Furthermore, with advancement of 

nanotechnology, Nano filters of graphene oxide can be prepared and effluent can pass through 

these filters before the discharge of effluent to water streams for efficient removal of toxic 

metals and dyes. 
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8.1 Introduction: 

It is widely known that the storage of fossil fuels is limited and depleted rapidly. The usage of 

the fuels by the large population is increasing day by day so as the demand for the fuels are 

also increasing. The primary source of energy (fossil fuels) is non- replenish able and also has 

environmental effects like pollution, global warming etc. So, the need of the hour is to think 

of an alternate energy resource which is renewable and has no or less effect on the 

environment. Biofuels poses a good option for replacing the fossil fuels and fulfilling the 

demand of energy.  Biofuel production is an appropriate substitute of fossil fuels because it is 

a renewable source of energy and also gives solution to the environmental problems arises 

from the use of fossil fuels [10].  

From the vision of Henry Ford who uses Bioethanol as a fuel, biofuels utilization becomes the 

future fuel. Biofuel production gain importance globally. Among the countries, Brazil and 

USA are the prime contributors in the production of bioethanol which totally provides -80% 

of the contribution in the production worldwide [2]. In some previous decades, various 

feedstocks or substrates has been used for the production of bioethanol as a fuel. Based on the 

feedstock used, it divides into three generation. First generation used food crops as a substrate, 

second generation uses non-edible substrate or biomass and the third generation uses algal 

biomass.  

The most research emphasized on the selection of substrate which is cheap and renewable in 

nature. So, lignocellulosic biomass is an abundant, renewable and inexpensive source for the 

production of bioethanol. But, inspite of the availability of abundant resource, one can’t be 

getting 100% extraction from it because of its complex structure of lignin, cellulose and 

hemicellulose. The other challenges which come in the production of biofuels are its cost and 

other technological barriers. Taking into the consideration of the required needs of this 

technology, the nanotechnology comes as a solution. Nanotechnology has been emerged as 

field of science that has extensive applications in distinct streams of sciences.  



Nano-Technological Applications in Ethanol Production: An Insight Look 

57 

 

Nanoparticles attained much attention in the area of biofuel production due to its unique 

physicochemical properties.  Nanoparticles can transform the biomass structure and also help 

in immobilizing the enzymes used in the production of bioethanol. The use of the magnetic 

nanoparticles in the production of the bioethanol has many advantages like they are recovered 

by applying magnetic field and recycled for reuse. The use of nanotechnology in the 

bioethanol production makes it more efficient and sustainable. 

8.2 Nanotechnology in the Bioethanol Production: 

The process of bioethanol production from lignocellulosic biomass contains following step- 

pretreatment, enzymatic hydrolysis and fermentation. The use of nanotechnology in each stage 

of bioethanol production has been discussed below. 

8.3 Pretreatment: 

Lignocellulosic biomass is a carbon source available in huge quantity and composed of lignin, 

cellulose and hemicellulose in a defined manner. Pretreatment is an unavoidable step in the 

bioethanol production that is needed to open up the structure of biomass into its constituents. 

It has extensive impact in the production cost i.e. accounts for 40% of the total cost 

(approximately) of the process. The use of nanoparticles in the pretreatment step can alter the 

biomass structure. The nanoparticles interact with the biomass components that release 

carbohydrates with less inhibitor generation [8]. In pretreatment step, the nanotechnology used 

by two ways- a) use of instrumentation at nanoscale b) use of nanocatalysers in the process. 

The nanotechnology instrumentation involves the usage of electron microsocopy i.e. SEM 

(Scanning Electron Microsocopy), TEM (Transmission Electron Microsocopy), and AFM 

(Atomic Force Microscopy). The use of electron microscopy in the pretreatment process can 

help to know the structure of biomass at molecular level prior to its pretreatment and 

afterwards. Secondly the use of nanoparticles in the pretreatment step is a promising and 

competent approach. The use of acid- functionalized nanoparticles catalyses the hydrolysis 

reaction. It is also known as the solid acid nanocatalyst and has similar effect like the mineral 

effect in the chemical pretreatment method. But it has an advantage over the chemical method 

is its recovery and reusability that reduces the cost of process by diminishing the downstream 

processing requirements. Nano- scale shear hybrid alkaline (NSHA) pretreatment is also one 

of the methods used for the pretreatment method. This method involves the combined effect 

of the high-speed shear and use of chemical along with the applications of mild heat. It needed 

a nanomixing reactor with the temperature control system [3].  Ji and Lee [4] added cationic 

polyelectrolyte in the Nano-shear hybrid alkaline pretreatment of corn stover. The results 

showed the modification in the lignin structure and enhancement in the yield of enzymatic 

hydrolysis.  

8.4 Enzymatic Hydrolysis and Fermentation: 

Enzymatic hydrolysis is the process that uses enzymes to convert the cellulose, hemicellulose 

in their monomeric units. The enzymes used in the process are cellulase and hemicellulases 

complexes. The expense of these enzymes is high which makes the production of bioethanol 

expensive. The cellulase use in the hydrolysis process constitutes about 18% of the cost of the 

plant in the 2G bioethanol production [1]. Immobilizing these enzymes in the substrate can 

increase the efficient and reduce the cost of the process.  



Advances in Environmental Science and Engineering 

58 

 

Immobilization on nanoparticles can increase the thermo stability of the enzyme and also 

provides greater surface are for the enzyme loading. The reusability is one of the factors of 

using nanoparticles in the enzymatic hydrolysis [7]. Khoshnevisan et al. [5] uses 

superparamagnetic nanoparticles for the immobilization of cellulase. The cellulase is 

immobilized by physical adsorption (ionic bonding) and the results showed the increased 

stability and activity of the enzyme. 

 

 

 

 

 

 

 

 

 

Fig.8.1: Figure shows the use of nanotechnology in different stages of bioethanol 

production 

Sanusi et al. [9] studied the impact of metallic oxide nanoparticles on bioethanol production 

by Saccharomyces cerevisiae BY4743. The enhanced ethanol production was shown by use 

of Fe2O3 nanoparticles with 99.95% of the glucose utilization and 51% fermentation 

efficiency. It has also been shown that the production of ethanol can be decreased if 

nanoparticles are used in above concentration of 0.02 wt%. Kim and Lee [6] investigated the 

effect of two types of the nanoparticles (Methyl-functionalized silica and methyl-

functionalized cobalt ferrite–silica) on production of ethanol in syngas fermentation by 

clostridium ljungdahlii. The ethanol production has been increased by the use of 

CoFe2O4@SiO2–CH3 nanoparticles and also enhances the syngas mass transfer. The 

nanoparticles have been recovered and reused five times and it has been shown that the 

capability of the nanoparticles was maintained. Although use of nanotechnology in bioethanol 

production has made the process more efficient but still there are many more aspects which 

need to be considered in further research. The main points which have to be kept in mind is 

its interaction with the microorganism, cost of nanoparticles and their impacts on the 

environment and human health for its applicability at industrial scale. 
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8.5 Conclusion: 

Nanotechnology has promising applications in bioethanol production. The nanoparticles are 

used as a biocatalyst in the enzymatic hydrolysis process by immobilizing the enzyme on the 

nanoparticles through the following processes-encapsulation, ionic bonding, entrapment and 

adsorption. Nanotechnology (SEM, TEM) helps in finding out the changes that occur in the 

lignocellulosic biomass after pretreatment. The use of nanocatalyst improves the efficiency of 

the saccharification process and gives better yield. The magnetic nanocatalyst has an 

advantage over the conventional catalyst is its recovery by applying suitable magnetic field 

and reusability after many cycles. Many studies have been conducted by the researchers on 

the nanoparticles use in the bioethanol production process which showed the increased glucose 

utilization and improved productivity and yield. Much more detailed research is needed to use 

this technology at pilot scale and at industrial level. 
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Abstract: 
 

Among the widely occurring contaminants, fluoride is one of the anionic contaminants which 

is present in excess amounts in water and the sources of contamination of water body by 

fluoride can be anthropogenic as well as natural process of weathering and directly or 

indirectly posing a serious threat to the living organisms consuming the fluoride contaminated 

water. This assures a need of efficient technology which can help in the elimination of fluoride 

from the drinking water. Literature confirms, nanotechnology-based approaches are capable 

to develop efficient system to effectively solve water related problems owing to its high 

efficiency. The new and advanced nanoadsorbents can serve as novel, effective and low-cost 

tool for the removal of fluoride. Therefore, present study highlights some of the advanced, 

cost effective techniques of nanotechnology for the adsorption process, their types of 

nanoadsorbents. The application, advantages as well the limitations associated with the use of 

nanoadsorbents is also highlighted in the present study. Enhancing the benefits of 

nanotechnology and overcoming the limitations of nanoadsorbents will help in remediation of 

fluoride from water in an eco-friendly way.   

 

Index Terms: Defluoridation, Drinking water, Fluoride, Nanoadsorbents, Nanotechnology 
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9.1 Introduction: 

Fluorine is the 13th most abundant element present on the earth's crust constituting 0.08% of 

the earth's crust, is considered as one of the most reactive chemical elements and exists in the 

natural environment in the form fluoride having F- ions [1]. Fluoride is one of the constituents 

in water as is considered as an essential element in optimum range for humans as well as 

animals for strong teeth and bone density. However, excess of fluoride can lead to deleterious 

health effects both to humans as well as to animals [1, 2, and 3]. The possession of negative 

charge makes fluoride most electro negative element and has the tendency to attract positively 

charged ions like calcium (Ca2+) present in teeth and bones of human beings [4]. Hence there 

is an urgent need of Defluoridation of drinking water for safe drinking. A large number of 

conventional methods are available for Defluoridation of water such as Chemical additive 

method (Nalgonda process), adsorption process, and ion exchange method, membrane 

separation processes [2, 5, and 6].  

Several studies have been carried regarding the effectiveness of these conventional techniques 

and the results have positioned adsorption technique as the most reliable because of its ability 

to remove up to 90% of fluoride and cost effectiveness [4, 6]. The performance of the 

adsorption process is further improved by applying the field of nanotechnology. Researchers 

across the globe have developed some adsorbent materials at nanoscale dimensions which can 

effectively remove fluoride from water as compared to their conventional contour parts 

because of their unique and novel properties [7]. Therefore, the present study highlights the 

utilization of nanoadsorbents for the removal of fluoride from drinking water for safe drinking. 

9.2 Fluoride in Water and Its Recommended Range:  

 Fluoride in water can be of natural as well as anthropogenic origin. Anthropogenic activities 

like use of phosphatic fertilizers, industrial effluents from glass, ceramic, toothpaste, 

electroplating industries are held responsible for increasing concentration of fluoride in water 

[8]. Natural sources of fluoride contamination include rock weathering, volcanism and 

geothermal activities [1, 2].  

Rocks containing minerals such as sellaite, villianmite, cryolite, topaz, biotite, muscovite, 

apatite, mica, clays contribute natural sources of fluoride [9]. High fluoride concentration in 

groundwater is also associated with neutral to alkaline pH (7.6 to 8.9), low calcium (Ca) and 

high concentrations of sodium (Na) and bicarbonate (HCO3) [2]. World health organization 

(WHO) suggests optimum level of fluoride must be within 0.6 to 1.5 mg/L in drinking water 

for human consumption [3] and must be between 0.6 to 1.2 mg/L as prescribed by Bureau of 

Indian Standards [10]. The maximum permissible limit can be extended to 1.5 mg/L. Fluoride 

concentration above or below this limit can have severe health implications [11]. Therefore, it 

becomes necessary to eliminate excess of fluoride form drinking water and bring it to the safe 

range. 

9.3 Role of Nanotechnology in Fluoride Removal: 

During the past couple of years, researchers have prepared nanosize materials for their use in 

Defluoridation of water. Among the numerous applications of nanotechnology, novel and 

advanced nanoadsorbents have been paid much attention for the fluoride removal.  



Advances in Environmental Science and Engineering 

62 

 

These nanoscale adsorbents offer very high adsorption capacity, have active adsorption sites, 

as well as increases the chemical activity because of their larger surface area as compared to 

their conventional counterparts, improved mechanical strength, high surface binding energy, 

absence of internal diffusion resistance, and low temperature modification [12,13]. All these 

qualities foster the use of nanoadsorbents as potential candidates for reclamation of drinking 

water. A wide variety of nanoadsorbents are now available which can be employed for the 

Defluoridation of water. 

9.4 Nanoadsorbents for Defluoridation: 

The different types of nanoadsorbents employed for the fluoride removal can be summed up 

as follows: 

9.4.1 Nanoscale Metal Oxide: 

Nanoscale metals and their oxides have been used as potential adsorbents for the removal of 

fluoride from water. Literature confirms the use of iron oxide-hydroxide, nanoscale zero valent 

iron, nano magnesium oxide, nano sizedɣ-alumina for fluoride removal from water [14, 15, 

and 16] and these have shown outstanding results. Iron oxide-hydroxide nanoparticles have 

shown maximum adsorption capacity for fluoride for as high as 16.70 mg/g at room 

temperature. pH of the medium plays a significant role in the sorption of fluoride ions onto 

iron oxide-hydroxide nanoparticles. Fluoride removal mechanism by iron oxide-hydroxide 

nanoparticles follows both adsorption as well as ion-exchange process which is mainly due to 

physical adsorption [16]. Nano sizedɣ-alumina is considered as an efficient candidate for 

fluoride removal from water with very good adsorption capacity in the pH range of 3 to 10 [4, 

17]. Fluoride removal by nano magnesium oxide is not affected by shifts in pH but is mainly 

influenced by OH- ions [14].  

9.4.2 Magnetic Nanoparticles: 

A large number of magnetic nanoparticles have been used for Defluoridation of water because 

of possession of larger surface area, high specificity and reactivity. Super paramagnetic 

nanoparticles prevent particle aggregation and ensures colloidal stability [9]. Different types 

of magnetic nanoparticles have been synthesized and made to remove fluoride from the 

drinking water depending upon adsorption capacities, pH, dosage, contact time etc [18]. 

Several synthesized magnetic nanoparticles include Ce-Ti@Fe3O4, Fe3O4@Al(OH)3, 

Fe3O4 magnetic nanoparticles modified with Zirconia (ZrO2), Fe3O4 coated with Fe-Ti 

bimetallic oxide, iron oxide magnetic nanoparticles anchored on graphene oxide etc [18,19, 

20]. Iron oxide magnetic nanoparticles anchored on graphene oxide exhibits super 

paramagnetism, good selectivity for fluoride, have high adsorption capacity and can be applied 

for the defluoridation process [19]. 

9.4.3 Carbon Nanotubes: 

Carbon nanotubes (CNTs) are allotropes of carbon which are used in nanotechnology because 

of their valuable characteristics, capability of being functionalized by other chemicals. CNTs 

are basically graphene structures rolled in the form of cylinder. CNTs exists in two forms: 

Single walled carbon nanotubes (SWCNTs) and multi-walled nanotubes (MWCNTs). 
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Because of these unique properties, CNTs are considered as potential and effective candidates 

for fluoride removal form water. Adsorbents made of both SWCNTs and MWCNTs have been 

used for the defluoridation process as reported in literature [9]. 

9.5 Advantages:  

There is a huge advantage associated with the use of the above mentioned nanoadsorbents in 

the removal of excess of fluoride from water. The advantage is in terms of their removal 

efficiencies and the dose of the nanoadsorbents as shown in Table-9.1. 

Table 9.1 Nanoadsorbentswith their fluoride removal efficiencies 

Nanoadsorbents Fluoride removal efficiency References 

Nanoscale zero valent 

(nZVI) at pH 4 and a 

dosage of 0.6 g/L 

Increases the fluoride removal rate to 84% in 

35 minutes 

[15] 

Nano sized ɣ-alumina Very high fluoride adsorption capacity of 32 

mg/g as compared to commercially available ɣ 

-alumina with an adsorption capacity of 14 

mg/g 

[4, 17] 

Nano-MgO with a dosage 

of 0.6 g/L 

Capable to bring maximum (90%) fluoride 

removal from water 

[14] 

 

9.6 Limitations Associated With Nanotechnology: 

The limitations associated with the use of nanotechnology is the toxicity issues associated with 

it. The toxicities associated with nanoparticles is attributed to its small size, larger surface area 

to volume ratio.  

Their smaller size makes their easy entry into the living systems where they may translocate 

from one site to another through bloodstream thereby affecting the vital body organs like brain, 

nervous system, liver, heart, kidneys, and bone marrow thereby affecting their normal 

functioning.  

The widely recognised nanoparticles for their toxicity are carbon nanotubes, nano-metal 

oxides like titanium dioxide, zinc oxide, etc. The nanoparticles have been reported responsible 

for the production reactive oxygen species (ROS) and free radicals which may cause damage 

to proteins, membranes and DNA. 

Defluoridation of water is required for healthy and safe drinking as the excess intake of 

fluoride leads to severe health implications.  
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For this purpose, noval nanotechnology approaches have been used particularly the use of 

nanoadsorbents such as carbon nanotubes, nanoscale metal oxides and magnetic nanoparticles 

for efficient fluoride removal and these have shown significant positive results.  

However, the limitations associated with their use is the toxicity issues which need to be 

acknowledged and should be overcome by carrying out extensive research in this field. 
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Abstract: 
  

The textile industries are the major culprits for producing huge amount of toxic chemicals to 

the hydrosphere. These toxic chemicals are nothing but various types of carcinogenic dyes. 

These dyes are highly harmful compounds and can cause allergy, dermatitis, skin irritation 

critical diseases like cancer and mutation in human body. Recent treatments of textile industry 

wastewater involve physical, chemical and biological methods, but the factors like effluent 

composition, treatment cost and operational feasibility determine the practical and financial 

applicability of these treatment methods. Various physical and chemical methods including 

adsorption, precipitation, coagulation, filtration, ozonolysis, advanced oxidation and 

membrane separation etc have been scrutinized for these effluents.  

These methods have potential for dye removal but some serious concerns like toxicity, high 
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energy input, high expenditure, generation of secondary pollutants make them unfavorable for 

this industrial operation. Therefore, innovative and cost-effective technologies are required to 

achieve cost effective and efficient treatment of textile industry wastewater. Therefore, uses 

of the renewable energy based treatment system with energy saving and cost effective options 

are taken as a prime objective of this review associated with pros and cons of existing 

treatment options. 

 

Index Terms:  

Textile industry wastewater, toxicity, potential treatment options, renewable treatment system 

10.1 Introduction: 

Colors are one of most important aspect of human society. These colors are nothing, but 

typical dyes that have been used in various industrial sectors for the manufacturing of different 

textile products. Whenever these toxic dye come in contact with surface water possess high 

challenge for the survival of aquatic organisms [1, 2]. These days are highly toxic/carcinogenic 

compounds and have huge potential to create critical diseases in human body. Their discharges 

into water bodies possess extensive supply of contamination due to their disobedience 

character. It gives objectionable color to the aquatic resources, minimizes the intensity of solar 

radiation to pass in, and creates obstacles for the natural phenomenon like photochemical and 

biological of aquatic flora and fauna [3, 4].Statistically it is estimated that worldwide more 

than10,000 tonnes/year dyes are being consumed with the same time with an average of 100 

tonnes/year of dyes are being released in return [5].These dye productions are not single way 

process, but the connection of so many processes for the production of final dyes and during 

these processing phases huge amount of wastewater are generated (illustrated in figure 10.1). 

 

Fig.10.1. Flow diagram of textile manufacturing processes [1] 

The treatment of this dye stuff is a major concern due to its high persistence levels, because 

out of 84% of total dyestuff only 47% of dyes are biodegradable [5]. The major treatments 

available for the treatment of textile industry wastewater have been discussed in the following 

section:  
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10.2 Availbale Treatment Technologies: 

On the basis of toxic chemical compound its treatment possesses immense challenges to 

environmental experts. The treatment system of dye wastewater can be broadly classified into 

two categories such as: Conventional Treatment Technologies (CTT) and Modern Treatment 

Technology (MTT). CTT includes all the traditional treatment options like physical, chemical 

& biological methods. MTT includes advanced applications of recent developed techniques 

like use of nonmaterial, treatment through ion exchange, reverse-osmosis, biomass-based 

treatment and solar-energy-based treatment technology etc [6, 7]. The major advantages and 

disadvantages of these treatment technologies have been illustrated in table-10.1. 

Table 10.1 advantages and Disadvantages of Availbale Treatment Technologies 

[4, 6, 7 & 8] 

Methods Description Advantages Disadvantages 

Adsorption Pollutant and 

color removal 

with the help of 

solid support 

Excellent reduction of 

pollutants as well as a 

wide variety of dyes  

Difficulties in restoration 

and the disposal of 

adsorbent is difficult 

Membrane 

filtration 

Separation 

physically from 

the sources 

Mostly remove all 

types of dyes 

It is very costly and 

produces concentrated 

Sludge 

Ion exchange ion exchange 

resins based 

treatment 

It is a very easy for 

restoration 

Though is very effective, it 

is not effective for all types 

of dyes 

Electro-

coagulation 

The treatment is 

based on cathode 

and anode, 

It is very effective 

process of dye removal 

It is not cost effective and 

the reliability of electrode  

is very less 

Coagulation 

and 

flocculation 

This process is 

based on the 

coagulants and 

flocculants 

additions 

It is a very cost 

effective process and 

very effective for dye 

removal 

This process generates large 

amount of sledges 

UV/O3 

 

This process is 

totally based on 

radiation and its 

effect 

It is effective for many  

types dyes and reactive 

dyes are most 

favorable 

It depend on pH and various 

dyes are non-effective with 

this process 

 

UV/H2O2 

 

This process is 

totally based on 

radiation and its 

effect 

 

It is effective for many  

types dyes and no 

generation of sludge 

and best suitable for 

short term process 

This process not effective 

for all type of dyes and 

suspended solids requires 

separation and suffers from 

UV light interaction 
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Methods Description Advantages Disadvantages 

Ozonation Oxygen gas is 

used for this 

process 

Process is altered in 

gaseous sate  

This process has short half-

life which is only  20 minute 

and it is very costly 

Fenton 

reagents 

H2O2-Fe(II) used 

for this process 

This process very 

efficient in both 

soluble and insoluble 

dyes 

Generation secondary 

pollutants 

Photochemical 

Sonolysis 

H2O2-UV used 

for this process  

No extra sludge 

generation 

It is very costly 

Irradiation This treatment is 

depended on the  

ionizing radiation 

Very effective in lab 

scale  

Very costly and not 

effective for all types of 

dyes 

Photocatalysis Radiation is the 

key factor 

No generation of 

secondary pollutants, 

renewable based 

treatment 

This shows limitations in 

penetration of light 

 

The discussed treatments technologies are capable to degrade the textile dyes, but some serious 

concerns like treatment quality, generation of secondary pollutants, high energy inputs make 

them non-favorable. In this as regards, Enovation of highly advanced, cost effective, 

renewable based treatment technologies are required to solve these issues. So, combinations 

of more than one treatment system could be more effective in this perspective, so that the 

gap/limitations of one treatment system can be fulfilled. Modern industrialist and research 

scientists have categorized the available treatment options and their combinations for textile 

industry wastewater have been illustrated in figure 10.2. 

 

Fig.10.2: Simplified representation of various treatment processes and their 

combinations [1, 9] 
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Single treatment system for pollution reduction of textile dye wastewater is not fully capable 

to reduce as there are some specific limitations in specific treatment method. So, the idea of 

merging more than one treatment system could be a best option.  

10.3 Proposed Hypothesis: 

Recent studies on textile dye wastewater supports these innovative ideas coupling based 

treatments. In general, the merging more than system not only increases the treatment 

efficiency but also minimizes the generation of secondary pollutants as well.  

In this perspective, solar energy and algal biomass-based treatment could be the ideal option. 

The basic idea behind the application of solar-energy-based-system is to substitute those 

treatment systems which run on fossil fuels-based technologies. Solar chemical applications 

can be of special relevance. The advantages of solar energy-based treatment have been 

discussed in table 2. 

Table 10.2: Advantages of Solar Energy Based Treatment System [10, 11] 

1 Solar radiation destroys the contaminants of textile industry wastewater. 

2 Wastes are remained in one media only; hence they are not transferred to other media.  

3 Solar radiation provides effective detoxification by denaturing the toxicants present in 

dye wastewater.  

4 Solar radiation helps in elimination of organic contaminants from dye wastewater.  

5 Solar energy is renewable hence, it reduces the treatment cost.  

It is the most advanced treatment technology in recent era as it is capable to breakdown the 

highly toxic chemical compound also the cost effectiveness and renewable based approach 

makes it more suitable (figure 10.3a) 

 

 

 

 

 

Fig.10.3 (a): Degradation by solar energy 
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Fig. 10.3(b): Photosynthetic oxygen in bod removal process 

The controlled use of algae over textile industry wastewater not only helps nutrient removal 

but also helps in degradation of organic matters. Algae also show potential for the reduction 

of heavy metals, other organic pollutants and provide oxygen for the heterotrophic aerobic 

bacteria which again degrades/ oxidizes the organic pollutants, using in reverse the carbon 

dioxide from respiration of anaerobic bacteria. This mechanism is utilized in photosynthetic 

aeration which reduces the treatment cost and also limits the volatilization of pollutants (figure 

10.3b). Many researchers have stated the efficiency of solar energy and algal used for textile 

wastewater treatments. Rodrigues et al (2013) reported COD removal of 30.1 to70% while 

conducting experiment on optimization and economic analysis of textile industry wastewater 

under stimulated and artificial solar radiation [12]. Patil et al (2019) confirmed only 30% of 

COD reduction while treating wastewater by parabolic trough collector [13].  

The effect of cultivated algal carbon Fe3O4 was studies by Foroutan et al (2019) and 

concluded cationic dye removal of above 98% from the test solution [14]. El-Kassas and 

Mohamed studied on Chlorella vulgaris and reported 75% dye removal efficiency from textile 

industry wastewater [15]. Chia et al (2014) while studying on Scenedesmus quadricauda 

reported 100% of dye removal from textile industry wastewater [16]. On the basis of literature, 

the textile industry wastewater is highly toxic and contains high load of complex non-

biodegradable substances. The treatment technologies available have potential but need to be 

improved in many aspects. They show] gaps/ limitations in each treatment process. Therefore, 

in this context, the need for advanced, renewable and cost-effective treatment options are 

required which could able to fulfill these remaining gaps. So, as discussed above merging 

more than above treatments technology generate a positive hypothesis further research. Solar 

radiation is capable to break the complex chemical bonding and algal based treatment is 

capable to reduce high nutrient load. Hence, both the algal treatment system and solar energy 

based treatment system are showing synergetic effect to each other as well as helping in textile 

dye wastewater treatment. Therefore, the combination of both the treatment systems (solar-

energy-based-treatment with algal treatment system) can fulfill the remaining gaps in a 

sustainable green approach. 
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Abstract: 

  
The present era is facing the big challenge of managing enormous amount of solid waste along 

with its impact on the environment. With increase in production and consumption of fruits and 

vegetables worldwide in yester years, huge biomass is generated as waste through various 

processes and disposed off in the surrounding which results in reduced aesthetics in short term 

and release of greenhouse gases after decomposition in long term. There is a need to find 

environment friendly and cost effective solution for utilization of fruit and vegetable wastes 

so that locked nutrients can be recovered and recycled. One of the promising and eco-centric 

approach for regaining nutrients are microbe aided decomposition-composting and earthworm 

mediated decomposition- vermicomposting. Vermicomposting is carried out by earthworms 

that are considered as ecosystem’s engineer and convert organic waste into valuable resource- 

vermicompost. Earthworms enhance the microbial activity and modify the degradation 

process without producing odours and greenhouse gases. Present chapter is an attempt to 

review various studies done on vermicomposting of fruit and vegetable wastes and to 

recognize its potential in managing vast amount of wastes. This chapter also signifies the 

enhanced levels of major nutrients (Nitrogen, Phosphorus and Potassium) in the vermicompost 

along with the physico-chemical characteristics of raw and vermicomposted fruit and 

vegetable waste biomass. Further studies for managing variety of fruit and vegetable wastes 

solely and in combinations can be carried out. Thus vermicomposting can prove to be an 

ecologically sound alternative for diverting fruit and vegetable wastes from unscientific 

landfills to resource recovery, used as an organic amendment in horticulture and crop lands 

paving the way towards sustainable solid waste management. 

Index Terms: Earthworm-mediated decomposition, Fruit and vegetable waste, organic 

amendment, vermicomposting, sustainable solid waste management. 
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11.1 Introduction: 

Advancement in industrialization, increase in population, and sprawling urbanization has 

resulted in endless heaps of solid waste making it difficult to manage for formal and informal 

sector. Solid waste has been an outcome of excessive use of natural resources and use-throw 

consumeristic attitude without giving a thought to ecosystem’s assimilation capacity. With the 

increase in production and consumption of fruit and vegetables worldwide yesteryears, fruit 

and vegetable waste (FVW) is generated in vast quantity and forms a significant part of solid 

waste streams. Its improper disposal poses a significant threat to environment in one or the 

other way. Fruits and vegetables are of utmost importance to humans as they are loaded with 

nutrients, vitamins, minerals, fibres and important dietary elements. In India, out of total fruit 

and vegetable stock of 221.4 million metric tonnes, 5.8 to 18 percent forms a part of waste 

stream [1]. In fruit and vegetable markets, tonnes of fruits and vegetable get wasted on daily 

basis and become market waste. Households also generate fruit and vegetable waste as a part 

of domestic waste that later on becomes a part of municipal waste. About 25 – 30% of   fruit 

and vegetable waste comprises of skins, peels, shells, pomace and seeds [2]. While producing, 

processing, distributing and consuming, more than 50% of fruits and vegetables get wasted 

[3].  

Large portions of fruit and vegetable waste are dumped in open areas or in landfills, burnt or 

degraded anaerobically due to deficient infrastructure (Fig 11.1). These unscientific methods 

lead to loss of nutrients on one hand and on the other, burning and open dumping results in 

release of carbon dioxide or methane, potent greenhouse gases [4, 5]. Further, fruits and 

vegetables have high water content and high organic matter content, leading to fast 

decomposition and produce offensive odours, if left unattended. This practice also leads to 

depletion of biomass and nutrients, which would otherwise be put to good use. Thus, 

potentiality of FVW can be explored for reduction, reuse, recycling and recovery of nutrients 

in an efficient way [6]. There is a need to find eco-friendly strategies which are not only cost 

efficient, but also process the wastes in a manner to convert them into value added product [7, 

8]. 

 

Fig. 11.1: Fruit and vegetable waste dumped in open areas (Source: Clean India 

Journal) 
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Composting and vermicomposting are among the viable methods for organic waste 

management that not only replenish the valuable nutrients but benefit our environment too. 

Vermicomposting is a process of waste decomposition by interaction of earthworms and 

microorganisms producing bio-manure rich in nutrients, humic substances and enzymes [9, 

10].  

Wastes organic in nature and non-toxic to earthworms can be bio-transformed into 

vermicompost. Earthworms modify the physical, chemical and biological properties of feed 

substrates and convert them into a stable product. Vermicompost is odorless, peat like material 

rich in nutrients and is non-toxic[11].Vermicomposting has been widely used for 

decomposition of animal excreta [12] and in fact, cow dung, buffalo dung, horse manure,  goat 

manure, rabbit manure, etc. are used as an amendment to different types of organic waste 

favourable for the growth of earthworms.  

Cow dung is the most frequently used spike for vermicomposting process as it highly supports 

the growth of earthworms. Epigeic species of earthworms are mainly used for 

vermicomposting of biodegradable wastes [13] Commonly used earthworm species are 

Eisenia fetida, Eudrilus euginae, Perionyx excavatus, Lampito mauritii, Metaphire posthuma, 

Drawida willsi, etc. Eisenia fetida is the most extensively used earthworm species for 

vermicomposting as it can accept variety of feed materials, has high assimilative capacity, 

high tolerance to temperature and moisture conditions and efficient waste conversion ability 

[14, 15]. Table 11.1 represents various earthworm species and bulking materials used in 

vermicomposting process by various researchers in their experimental trials. 

Present chapter reviews the efficacy of FVW as raw material for vermicompost production in 

terms of various physico-chemical characteristics as pH, electrical conductivity, Total organic 

carbon, nutrients (NPK), and stability parameters as ash content, C/N ratio, C/P ratio etc. This 

will also focus on how reuse, recovery and recycling can be a feasible option for managing 

heaps of waste reducing the load on landfills, helps to mitigate climate change and make solid 

waste management system a sustainable one. 

 

Fig 11.2: Vermicomposting process (Source: Agri-farming) 
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Table 11.1: Different types of wastes, bulking materials and earthworm species 

involved in vermicomposting process 

Sr. 

No 

Type of waste Bulking material Earthworm 

species 

Reference 

1. Municipal Solid 

waste 

Cow dung Metaphire 

posthuma, Eisenia 

fetida 

[16] 

2. Pre-consumer 

vegetable 

processing waste 

Cow dung Eisenia fetida [17] 

3. Fresh fruit and 

vegetable waste 

Soil, cow dung 

vermicompost and fruit 

and vegetable waste 

Eisenia fetida and 

Eudrilus euginae 

[18] 

4. Fruit and vegetable 

waste 

Cowdung and fruit   and 

vegetable waste 

vermicompost 

Eisenia Andrei [19] 

5. Green waste Cow dung Lumbricus 

rubellus 

[30] 

6. Apple pomace 

waste 

Beef manure Eisenia fetida [31] 

7. Food and vegetable 

processing waste 

Buffalo waste Eisenia fetida [32] 

8. Grape marc Cow dung Eudrilus andrei [26] 

9. Vegetable market 

solid waste 

Cow dung Eisenia fetida [22] 

10. Rice husk and 

market refused 

fruit 

Cow dung Eudrilus euginae [28] 

11. Bakery  industry 

sludge 

Cow dung Eisenia fetida [27] 

12. Tomato fruit waste Sheep manure Eisenia fetida [25] 

13. Fruit and vegetable 

waste 

Soil, Excess activated 

sludge 

Eisenia fetida [33] 

14. Fruit and vegetable 

waste, pruning 

waste 

Cow dung Eisenia andrei 

Eisenia fetida 

[20] 
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11.2 Fruit and Vegetable Waste Vermicomposting Studies: 

Many researchers have studied vermicomposting process for organic residues, some include 

Municipal Solid waste [16], fruit and vegetable processing waste [17, 18, 19, 20, 21, 22, 23, 

and 24], tomato waste [25], grape marc [26], bakery industry sludge [27], rice husk [28]. Major 

issues in vermicompost production of waste is the level of nutrients present in raw materials 

and for this, wastes in combinations can be used as feed stock for earthworms [29]. Here, a 

brief review of the studies by different researchers is presented.   

Huang et al [19] studied the vermicomposting of fresh fruit and vegetable wastes for five 

weeks and found the changes in various physico - chemical paramaters. Earthworms also 

promoted the microbial growth and modified the decomposition of FVW. A comparison was 

made for two systems, composting and vermicomposting and it was reported that 

vermicomposting resulted better rate of humification and nitrification at the end of process. 

While, Sethuraman and Kavitha [30] performed vermicomposting of fruit and vegetable waste 

with bedding material (cow dung, mango leaves and sawdust) in ratio of 1/1 in plastic tubs for 

60 days and studied the changes in various parameters. At the end of experiment, the C: N 

ratio was found to be reduced in comparison to previous levels.   

Garg and Gupta [17] experimented on pre-consumer processing vegetable wastes and reported 

reduction of 30.6% in organic matter and carbon to nitrogen ratio was found to be decreased 

in range of 15.1 -9.7 signifying high rate of stabilization. Total Kjeldahl Nitogen (TKN), Total 

available Phosphorus (TAP) and Total Potassium (TK) were also increased from initial levels.  

Gomez Brandon et al [26] studied vermicomposting of grape marc with Eudrilus andrei and 

reported that grape marc got stabilized in short time with good organic matter degradation and 

high rate of mineralization and nitrification depicting the stability of vermicompost produced. 

Hanc and Chadimova [31] carried out the vermicomposting of apple pomace from food 

processing industry to recover the nutrients. They observed that weight and volume of waste 

reduced by 84-89% which depended upon the amount of straw as mixing material to enhance 

the nutrient levels. About 33% deduction in C:N ratio was observed indicative of 

mineralization of organic compounds and significant increase was found in NPK values in the 

apple pomace waste amended with straw. 

Sharma and Garg [32] have experimented on vermicomposting of food and vegetable 

processing waste using buffalo dung as bulking material. Significant decrease in organic 

matter and carbon to nitrogen ratio was noted in all the vermi-set ups to different extents. Food 

and vegetable waste in suitable proportions lead to decrease in C: N and C: P values and 

nutrients like Nitrogen, Phosphorus and Potassium were found to be enhanced. The C: N and 

C: P ratios are considered as the index of vermicompost maturity and C: N ratio < 20 reflects 

the stability of vermicomposts to be used in agricultural lands. Li etal [33] has studied the 

effect of activated sludge on wet fruit and vegetable wastes by a bioreactor with separate bed 

and substrate compartments for banana peels, cabbage, carrot, lettuce and potato peels. Their 

results reflect the change in physico- chemical properties of substrate mixtures after addition 

of activated sludge. The C: N values decrease from their initial values except for banana and 

potato peels. Increase in N, P, K values was indicated at the end of vermicomposting process 

in various treatments up to varying extents which depend upon the nature of initial substrates. 

Table 11.2 presents some different vermicomposting studies based on different 

vermicomposting trial periods. 
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Table 11.2:  Fruit and vegetable waste vermicomposting studies 

Sr. 

No. 

Type of Waste 

vermicomposted 

Vermicomposting study Vermicomposting 

trial period 

Reference  

1. Fruit waste + 

vegetable waste + 

leaves 

Waste was mixed with 

bedding material (cow dung, 

mango leaves and sawdust) 

in ratio of 1/1 in plastic 

tubs. Physico-chemical 

parameters change was 

studied. C: N ratio found to 

be reduced. 

60 days [30] 

2. Pre-consumer 

vegetable 

processing waste 

Feed mixtures taken in 10 

litre capacity tubs in 

different ratios, C: N 

decreased and TKN, TAP, 

TK increased.  

105 days  [17] 

3. Food and 

vegetable 

processing waste 

FYW amended with buffalo 

dung in varied proportions 

in plastic vermi-bins. 

Decrease in organic matter, 

Carbon to nitrogen ratio and 

Carbon to phosphorus ratio 

depicting high rate of 

stabilization. Nutrients like 

N, P, K get escalated. 

90 days [32] 

4. Apple pomace 

waste 

Pre-composted apple 

pomace mixed with straw 

and beef manure in 4/1 ratio 

in plastic reactors. Nutrient 

levels enhanced, reduction 

in C: N ratio by 33% 

indicative of     organic 

compound mineralization. 

Reduction in weight and 

volume. 

30 days [31] 

5. Grape marc Grape marc mixed with 

mature vermicompost in 

plastic containers. Short 

time organic matter 

degradation achieved due to 

rich carbon pool. High 

nitification rate and 

complete processing in very 

short period of 15 days was 

noted. 

15 days [26] 
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Sr. 

No. 

Type of Waste 

vermicomposted 

Vermicomposting study Vermicomposting 

trial period 

Reference  

6. Fresh fruit and 

vegetable waste 

FVW composting (without 

earthworms) and 

vermicomposting systems 

were studied separately and 

compared. 

Vermicomposting  has 

shown better rate  of 

humification and 

nitrification 

35 days [19] 

7. Wet fruit and 

vegetable waste 

Excess activated sludge was 

mixed with wet fruit and 

vegetable waste and effect 

on decomposition was 

studied. Eleven plastic 

containers were used with 

two compartments: substrate 

and bedding material (soil+ 

vermicomposted FVW). 

Change in physico-chemical 

properties was observed 

along with the reduction in 

mass. 

30 days [33] 

8. Tomato fruit 

waste 

Waste mixed with sheep 

manure in metal containers. 

Decline in C: N values 

indicated maturity of end 

product.  

150 days [25] 

9. Fresh fruits and 

vegetable wastes 

FVW was mixed with the 

bedding materials (soil+ 

vermicomposted fruits and 

vegetables) in perforated 

plastic containers with three 

layers: substrate, bedding 

and leachate collecting 

layer. Drastic drop in 

organic carbon was 

observed. Increase in 

bacterial and fungal 

communities were reported 

in both composting and 

vermicomposting systems. 

35 days [18] 

10. Fresh fruits and 

vegetables 

Five different types of fruits 

and vegetables chosen for 

experimental trial. Bedding 

material prepared by mixing 

cow dung and prepared 

60 days [23] 
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Sr. 

No. 

Type of Waste 

vermicomposted 

Vermicomposting study Vermicomposting 

trial period 

Reference  

vermicompost. More 

decrease in carbon content 

as compared to control 

system. Enhanced nitrogen 

content due to earthworm 

activity. 

11.3 Applications of Fruit and Vegetable Waste Management through On-Site 

Vermicomposting 

• Collection and transportation costs can be reduced.  

• Diversion of FVW from landfills reducing the stress of voluminous waste. 

• Reduce greenhouse gas emissions (carbon dioxide and methane). 

• Improves urban sanitation and public health.  

• Recycling of FVW into valuable nutrients closing the nutrient loop. 

• Reduces demand and use of inorganic fertilizers. 

• Maintains sustainable approach towards FVW management. 

11.4 Conclusion: 

Managing food and vegetable wastes by vermicomposting is a promising method that not only 

reduces the overall load on our ecosystem but also provides us with bio-manure that has 

improved nutrient quality.  

Vermicomposting technology has been emerged as a sustainable alternative for managing 

organic wastes in an eco-efficient and cost-effective manner rather than to leave them to decay 

unscientifically.  

This will pave the way towards the concept of zero waste where wasteful wastage of waste is 

avoided leading to recovery and recycling of nutrients into the ecosystem.  

Further explorations and advancements should be made in this field to manage the organic 

waste at the source level in a decentralized manner. 

11.5 References: 

1. CIPHET, Vision-2050. A report by Central Institute of Post-Harvest Engineering and 

Technology, 2013  

2. Ajila C.M., Rao L.J., Rao U.J., “Characterization of bioactive compounds from raw and 

ripe mangifera indica peel extracts.” Food and Chemical Toxicology, pp .48, 3406-3411,  

2010. 

3. FAO “Global food losses and food waste,” 2011 

4. FAO, 2019  

5. Vilariño M.V., Franco C, Quarrington C., “Food loss and waste reduction as an integral 

part of a circular economy.” Front Environ Sci, Vol. 5, pp.1–5,2017 



Vermiconversion of Fruit and Vegetable Waste into Organic Manure... 

81 

 

6. Plazzotta S., Manzocco L., Nicoli M.C., “Fruit and vegetable waste management and the 

challenge of fresh-cut salad.” Trends in Food Science and Technology, Vol. 63, pp. 51–

59, 2017 

7. Soobhany N., Mohee R., Garg V.K., “Comparative assessment of heavy metal content 

during the composting and vermicomposting of municipal solid waste employing Eudrilus 

eugeniae, Waste management, Vol. 39, pp.130–145, 2015.  

8. Das S., Bora J., Goswami L., Bhattacharyya P., Raul P., Kumar M., “Vermiremediation 

of water treatment plant sludge employing Metaphire Posthuma: A Soil quality and metal 

solubility prediction approach, Ecological Engineering, Vol. 81, pp. 200–206, 2015. 

9. Pigatin L.B.F., Atoloye I.O., Obikoya O.A., Borsato A.V., Rezende M.O.O, “Chemical 

study of vermicomposted agro industrial wastes”.  International Journal of Recycling of 

Organic Waste in Agriculture, Vol .5, pp .55–63,2016 

10. Amouei A.I., Yousefi, Z., Khosravi T., “Comparison of vermicompost characteristics 

produced from sewage sludge of wood and paper industry and household solid wastes.” 

Journal of Environmental Health Science and Engineering, Vol. 5, 5, 2017 

11. Ndegwa P.M., Thompson S.A., “Integrating composting and Vermicomposting in the 

treatment of bioconversion of bio solids.” Bioresource Technology Vol 76 ,107–112,2001 

12. Tauseef S.M., Abbasi T., Banupriya D., Vaishnavi V., Abbasi S.A., Hevspar: A novel 

vermireactor system for treating paper waste. Off. J. Pat. Off. 24, 12726,2013 

13. Ismail S.A., the Earthworm Book. Other India Press, Mapusa, pp 101, 2005. 

14. Neuhauser E.F., Loehr R.C., Malecki M.R., “The potential of earthwonns for managing 

sewage sludge. In: Edwards CA, Neuhauser EF (eds.) Earthworms in Waste and 

Environmental Management SPB, The Hague, pp. 9-20,1988 

15. Edwards, C. A., and Bates, J. E., “The use of earthworms in environmental management”, 

Soil Biology and Biochemistry, Vol.14(12), pp.1683- 1689 ,1992  

16. Sahariah B., Goswami L., Kim K.H., Bhattachatyya P., Bhattacharya S.S., “Metal 

remediation and biodegradation potential of earthworm species on municipal solid waste: 

A Parallel analysis between Metaphire posthuma and Eisenia fetida.” Bioresource 

Technology, Vol. 180, pp. 230–236, 2015 

17. Garg V.K, Gupta R., “Optimization of cow dung spiked pre-consumer processing 

vegetable waste for vermicomposting using Eisenia fetida”. Ecotoxicology and Environ 

Safety, Vol.74, pp.19–24, 2011 

18. Huang K.., Fusheng Li., Yongfen W., Xiaoyong F., Xuemin C., “Effects of earthworms 

on physicochemical properties and microbial profiles during vermicomposting of fresh 

fruit and vegetable wastes.” Bioresource Technology, Vol .170, pp.45-52,2014 

19. Huang K., Xia H., Cui G., Li, F., “Effects of earthworms on nitrification and ammonia 

oxidizers in vermicomposting systems for recycling of fruit and vegetable wastes.” 

Science of the Total Environment, Vol.578, pp. 337–345, 2017 

20. Lleo T., Albacete, E., Barrena, R., Font, Artola A... Sanchez A., “Home and 

vermicomposting as sustainable options for biowaste management”. Journal of Cleaner 

Production, Vol.47, pp. 70-76 ,2013 

21. Othman N., Irwan J., Roslan M., “Vermicomposting of Food Waste.” International 

Journal of Integrated Engineering, Vol.4 (2), 39-48,2012 

22. Suthar S., “Vermicomposting of vegetable-market solid waste using Eisenia fetida: Impact 

of bulking material on earthworm growth and decomposition rate.” Ecological 

Engineering, Vol. 35, pp. 914-920, 2009. 

23. Huang, K., Xia, H., Li, F., Wei, Y., Cui, G., Fu, X., Chen, X.,” Optimal Growth condition 

of earthworms and their vermicompost features during recycling of five different fresh 

fruit and vegetable wastes. Environ. Sci. Pollut. Res. Vol. 23, pp. 13569–13575.,2016  



Advances in Environmental Science and Engineering 

82 

 

24. Fernandez-Gómez, M.J., Romero, E., Nogales, R., “Feasibility of vermicomposting for 

vegetable greenhouse waste recycling. Bioresource. Technol. Vol.101, pp 9654–9660, 

2010b 

25. Gomez M.J.F.,Romero E., Nogales R., Insam H., “Continuous-Feeding Vermicomposting 

as a recycling management method to revalue Tomato-fruit wastes from greenhouse 

crops.” Waste Management, Vol. 30, pp. 2461-2468 ,2010a 

26. Gomez-Brandon M., Lazcano C., Lores M., Dominguez J., “Short-term stabilization of 

grape marc through earthworms.” Journal of Hazardous Materials, Vol.187, pp.291 -

295,2011 

27. Yadav, A., Garg, V. K. “, Biotransformation of bakery industry sludge into valuable 

product using vermicomposting technology,”, Bioresource Technology, Vol.274, pp.512-

517,2019 https://doi.org/10.1016/J.Biortech.2018.12.023, 2019. 

28. Lima S.L., Wua, T.Y., Yih, E., Sima, S., Lima, P.N., Clarkeb, C.,” Biotransformation of 

rice husk into organic fertilizer through vermicomposting”. Ecol. Eng. Vol.41, pp. 60-

64,2012 

29. Barthod J., Rumpel C., Dignac M.F. “Composting with additives to improve organic 

amendments: A review.” Agronomy for Sustainability Development, Vol. 38, 2018 

30. Sethuraman T.R., Kavitha K.V., “Vermicomposting of green waste using earthworm 

Lumbricus rubellus”. Nature, Environment and Pollution Technology, Vol. 2, pp. 371-

374, 2013  

31. Hanc A., Chadimova, M, Nutrient recovery from apple pomace waste by 

vermicomposting technology. Bioresource Technology. Vol.168, pp. 240-244 ,2014 

32. Sharma K., Garg V.K., “Management of food and vegetable processing waste spiked with 

buffalo waste using earthworms (Eisenia fetida).” Environmental Science Pollution 

Research, Vol., No. 8, pp.7829–7836,2017 

33. Li W., Bhat S.A., Li J., Cui G., Wei Y., Yamada T., Li F., “Effect of excess activated 

sludge on vermicomposting of fruit and vegetable waste by using novel vermireactor”. 

Bioresource Technology,Vol.302 ,122816,2020 

34. https://www.cleanindiajournal.com/reducing-transforming-organic-food-waste/,2019 

35. https://www.agrifarming.in/vermicompost,2018 

  



Advances in Environmental Science and Engineering   https://www.kdpublications.in 

ISBN: 978-93-90847-18-1 

83 

 

12. Understanding Solid Waste Management System 

in Gurugram City, Haryana (India) 

Anjali 

PhD. Scholar,  
Department of Environmental Sciences 

J.C. Bose University of Science & Technology,  

YMCA, Faridabad, Haryana, India. 

Ms. Sonia Duhan 

Expert-SWM, PMU,  
Integrated Solid Waste Management Plant, 

Gurugram Faridabad Cluster, 

Municipal Corporation of Gurugram, (Haryana). 

Abstract: 

  
Solid waste management is an increasing problem for Municipal corporations across the 

country, both because of expanding waste generation and a failing supply of adequate disposal 

sites. The Solid Waste Management is an integral tool for every waste generating activity. 

This chapter reports the solid waste management in Gurugram City, Haryana by MCG. The 

reason of studying the current situation is that within the town there is large area and 

population which results in indiscriminate dumping. Additionally, there is unbalanced 

collection of waste generated thereby causing heaping of wastes and consequently, out breaks 

of communicable diseases such as cholera, dysentery and typhoid. In the present study, an 

effort has been made to provide a wide-ranging review of MSWM for Gurugram city to 

estimate the current status and recognize the problems of MSWM. The study also aims at 

inspiring competent authorities/researchers to work towards the improvement of the present 

system through suggestions and recommendations. 
 

Keywords: Waste Management, Disposal, Dumping etc. 

12.1 Introduction: 

Solid Waste Management (SWM) is one of the major areas of concern all over World. In 

developing country like India, there is rapid increase in quantity of solid waste generation due 

to increase in population growth and urbanization. In general, solid waste is defined as any 

substance that is discarded by the user and not of any use at the point of its generation. Waste 

means any garbage, refuse, sludge from a waste water treatment plant, water system treatment 

plant, or pollution control facility and other unwanted materials including solids, liquid, semi-

solid, or containerized gaseous material. Composition of solid waste varies with different 

factors like climatic conditions, socio-economic background, family size etc. Samples of solid 

waste includes waste tires, rubbish, latex paints, furnishings and toys, garbage, appliances and 

vehicles, empty aerosol cans, paint cans, construction and demolition junk, amphibole etc. 

Haryana is one of the most reformist States in India.  
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Gurgaon, officially named Gurugram, is a city located within the northern Indian state of 

Haryana. Gurugram is one of the most promptly urbanizing cities in India, where there are 

tasks in dealing with different phases of handling solid waste management. The municipal 

corporation of Gurugram (MCG) created a replacement wing to observe over environment and 

sustainability. The new wing will cover and monitor regulation in construction sites to see to 

see dust pollution, enforcement of GRAP, micro STPs, reuse of treated waste water, pond 

rejuvenation, parks, Green belts and concrete forestry, among other work areas. 

12.2 Municipal Solid Waste Management Scenario in India: 

The urban growth in India is quicker than the typical for the country and much higher for 

urban areas over rural. The proportion of population residing in urban areas has increased in 

2001 to 31.80 and certain to succeed in 50% by 2030. The quantity of cities has accrued from 

5,161 in 2001 to 7,935 in 2011. The rapid climb in urban areas has not been backed adequately 

with provisioning of basic sanitation infrastructure and thus leaving many Indian cities 

deficient in services as water system, sewerage, storm water voidance, and solid waste 

management. It is calculable that Urban India generates regarding 1.5 Lakhs Tonnes waste per 

day. The per capita waste generation in major cities ranges from 0.20 Kg to 0.6 Kg. Typically, 

the gathering potency ranges between 70 to 90% in railway system cities whereas in many 

smaller cities the gathering potency is below 50%. The gathering and disposal of municipal 

solid waste is one among the pressing problems of city life, which has assumed great 

importance within the recent past. Treatment of waste and scientific disposal of urban waste 

isn't only absolutely necessary for the preservation and improvement of public health but it's 

an immense potential for resource recovery.  

The composition of MSW at generation sources and collection points in India is observed to 

mainly contains an outsized organic fraction (40–60%), ash and fine earth (30–40%), paper 

(3– 6%) and plastic, glass and metals (each but 1%). About 60-70% of total budget for waste 

management is spent on street sweeping of waste collection, 20 to 30% on transportation and 

fewer than 5% on final disposal of waste, which shows that barely any attention is given to 

scientific and safe disposal of waste. Landfill sites haven't yet been identified by many 

municipalities and in several municipalities, the landfill sites are exhausted and therefore the 

respective local bodies don't have resources to acquire new land. Due to lack of disposal sites, 

even the gathering efficiency gets affected. The Energy and Resources Institute (TERI) has 

estimated that by 2047, waste generation in Indian cities will increase five-fold to the touch 

260 million tonne per annum (Asnani 2006). A study by the planet Bank (2006) puts India’s 

annual generation of municipal solid waste to be somewhat lower, i.e., within the range of 35 

to 45 million tonne, amounting to about 100,000 to 120,000 metric tonne a day. It is also 

estimated that the annual increase in overall quantity of solid waste in India’s cities are going 

to be at a rate of 5 % once a year. 

12.3 Solid Waste Management Concept of Gurugram City: 

Municipal solid waste is refused from households, non- hazardous, waste from industrial, 

commercial and institutional, market waste, yard waste, and waste from street sweeping and 

all of these comprehend the role of collection, transfer, treatment, recycling, recovery and 

disposal. Solid wastes are some things that has no worth and no additional use and that we 

have a tendency to want to induce eliminate. MCG appointed Eco-green Energy for the 

initiative.  
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Eco-green Energy may be an outstanding privatized waste management and waste-to-energy 

company in India. It not solely gather and transport Municipal Solid Waste (MSW), process 

it into adequate quality organic Compost and RDF. All its processes and technology are in 

strict compliance with all the restrictive and emission norms.  

The waste collected by Eco green vehicles are dumped into dumping sites or landfills. 

Dumping is outlined as “a spot used to dispose of solid waste while not environmental 

controls”. There is a legal dumping site in Gurugram in Bandhwari near Pali, Gurugram road. 

Fig.12.1: Bandhwari landfill 

12.4 Landfill information: 

Bandhwari Landfill receives approximately 1800 TPD of waste from the twin cities of 

Gurugram and Faridabad in state of Haryana. Refuse compactors and dump trucks either 

owned by Municipal Corporation or under a contractual arrangement, bring mixed waste from 

various parts of the cities for disposal at the land fill. Out of the total 1800 TPD of waste 

received at the landfill, Gurugram contributes about 1050 TPD of waste. Based on inputs from 

Municipal Corporation of Gurugram, this study considered the waste being received from 

Gurugram to be coming from two broad waste generating sectors: 

• Old Gurugram, and 

• New Gurugram. 

While Old Gurugram mainly comprises individual households, marketplaces and commercial 

complexes, New Gurugram area includes housing societies, resident welfare associations 

(RWAs), and high-rise buildings. A National Highway serves as a virtual division of Old and 

New areas of the city of Gurugram. MCG estimates that about 60% of waste at Bandhwari 

landfill is received from Old Gurugram and the remaining 40% comes from New Gurugram. 

12.5 Waste Composition: 

In this section, the waste composition profiles for Old and New Gurugram areas have been 

described. Also, the overall waste composition profile for the city of Gurugram has been 

described for a broader picture. Statistical parameters such as mean percentage composition, 

standard deviation, and best estimates of uncertainty in data have been used to evaluate the 

presence of each material type in the waste originating from Gurugram. 
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Table 12.1: Broad MSW Characteristics at Gurugram (Source: Teri Report, 2019) 

Material 

category 

Outputs 

Old Gurugram New Gurugram Overall Gurugram 

Paper 7.505 ± 1.612 6.857 ± 2.545 7.246 ± 1.355 

Plastics 13.730 ± 1.142 10.872 ± 2.127 12.587 ± 1.095 

Metal 1.223 ± 0.331 0.674 ± 0.327 1.003 ± 0.242 

Glass 1.074 ± 0.304 0.872 ± 0.489 0.993 ± 0.258 

Organics 28.747 ± 3.866 38.618 ± 8.989 32.695 ± 4.210 

Others 47.722 ± 4.691 42.108 ± 7.048 45.476 ± 3.900 

12.6 Waste Management for Legacy Waste: 

Methodology: A complete station assessment or drone mapping of any landfill/dumping site 

should be done previous for handling & discarding of Legacy MSW by Bio-remediation and 

Bio-mining. Hence, it is suggested to confirm precursor study of the location. Site surrounding 

parameters like baseline study of significant metals in surface and underground soils and 

water, rainfall, soil type, surface geophysical science, topography, wind direction etc. shall be 

studied when bio-mining. When completion of bio mining, there ought to be a periodic study 

to visualize for any adverse effects within the close space. 

12.7 Bio-remediation & Bio-mining of Old Municipal Dumpsites: 

It is suggested that we should excavate of old dumped waste and make windrows after 

stabilization of the waste through bio-remediation followed by its sustainable 

management through recycling, co-processing, road making etc. 

Fig. 12.2: Overview of Bio-mining & Bio-remediation of Legacy Waste (Source- Legacy 

waste guidelines) 
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The first step includes excavation of legacy waste, loosen it and making windrows for drying 

up through open air and sun exposure so that entrapped methane can be removed. All 

biodegradable waste needs air to decompose. So, the legacy waste is to expose as much of it 

as possible to air (Fig. 2). Addition of composting bio-cultures quickens decomposition and 

speedily creates biological heat among the waste that helps to dry it out and cut back its volume 

by 35-40%. This happens through loss of wet and by decomposition of a number of the aerated 

waste to carbon dioxide and water vapor. This is often referred to as bio-remediation and 

makes the waste dry enough for screening. Waste is named stable there is no more generation 

of warmth or low land gas or leachate, and seeds are able to germinate init. [2] After 

stabilization, the waste is subjected to screening. Screen sizes commonly used are following: 

150 mm. 80 to 100 mm, 24 to 50mm, 1216 mm and 4-6. The finest fraction is called bio-earth 

or good earth. The coarsest fraction contains bricks, stones, coconut shells, footwear, cloth 

and larger plastics. Density separation helps recover combustibles which can be used as fuel 

replacement. The lighter mid-fractions are mostly plastics and can be shredded as per industry 

requirement for use in bitumen hot mix plants to make Plastic Roads and RDF. Fractions up 

to 50mm do not require shredding for use as RDF. The heavier mid-fractions are mostly stony 

inert which can be used in the lowest layers of road-making. Less than 10% of the original 

waste remains as totally unusable residual rejects and may remain onsite in a small heap [2]. 

The land is now fully recovered for alternate uses. Bio- mining and Bio-remediation processes 

ought to be adopted as early as attainable to confirm holistic solid waste management. 

12.8 Process of Bio-remediation and Bio-mining: 

The legacy waste is exposed to air so that it gets stabilize. After stabilization, there is 

Formation of long low heaps of about 2-meter height called wind-rows, to get maximum 

surface area to volume. Repeated turning is necessary so that the whole waste gets exposed to 

air. Turnings of legacy waste are essential to stabilize it.  

1. Use a tractor-tiller to loosen the topmost 150 mm layer of legacy waste. Mist-spray the 

waste with bio-cultures to control odour and decomposition of waste. Hand-pick out large 

objects. Then make the windrows of waste using JCB. Turn windrows every 5 days. After 5-

6 weeks the waste or heap is sent for screening. [2] 

Fig. 12.3: Schematic representation of Bio-mining through Tractor Tiller by Windrows 

(Source- Legacy waste guidelines) 
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2. Use a JCB to dig 2-2.5-meter-deep trenches at 1.5-to-2-meter intervals. This is a rapid and 

cost-effective way. Mist-spray the sides of the trenches so that microbesreach to exposed waste 

surfaces. Bring down legacy waste slices, do turning of windrows and repeat the process until 

almost ground level is reached. When waste moisture is low, there is screening of waste. [2] 

 

 

 

 

 

 

Fig. 12.4 Schematic representation of Bio-mining through Trench Method (Source- 

Legacy waste guidelines) 

3. Use a JCB to lift legacy waste from top of landfill and drop this waste from height to loosen 

the waste for aeration and form 2–3-meter cones. Mist-spray bio culture on the cones. Every 

day or 2-3 days, turn this cone for aeration. After 5-6 weeks, do screening. 

 

Fig. 12.5: Schematic representation of Bio-mining through Cone Method (Source- 

Legacy waste guidelines 
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4. Lift legacy waste from top of landfill using JCB. Make several long parallel windrows and 

turn them on weekly basis for proper aeration. Joint two windrows when the volume decreases. 

After 5 to 6 weeks, do screening. 

 

Fig. 12.6: Schematic representation of Bio-mining through Windrow Method for 

Spacious Landfill Sites (Source- Legacy waste guidelines) 

5. If waste needs to be moved from one location to another part of the same site, then lift the 

waste make several parallel windrows and mist-spray bio cultures. For turning move them to 

new places. Make new windrows of height 150mm and mist-spray bio-culture. After 5 days 

of aeration one layer is added to the next one and mist-spraying bio cultures on that also. 

Turning is not required when waste is spread thin like this. After 5 to 6 weeks, the waste is 

subjected to screening. 

 

Fig. 12.7: Schematic representation of Bio-mining through Thin Layer Spreading 

Method (Source- Legacy waste guidelines) 
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12.9 Processing Equipment’s for Processing of Legacy waste: 

The major equipment falls under the following processes like excavation, shredding, 

screening, air classification and ferrous separation. As per appropriateness and condition the 

suitable choices should be made. 

12.9.1 Screening: 

• Trommel 

• Vibrating Screen 

• Disc/Star 

12.9.2 Handling Equipment: 

• Loader (Front Load) 

• Conveyers 

• Fork Lifts 

12.9.3 Treatment Process: 

Processing of gathered waste shall be done in following way as given below: 

a. There ought to be a time bound plan for execution of the bio-mining process to clear the 

old waste. 

b. Volume of waste ought to be determined through Total Station Survey and site 

measurements.  

c. Do baseline survey of landfill soils and waters and conjointly leachate present, to check 

for heavy metals and toxics if any. Samples should be drawn by an NABL or MOEF 

research laboratory.  

d. Mist-spray bio-culture on the heap. This may manage smell and speed up decomposition.  

e. Hand picks out bulky waste like coconut shells, banana stems, tyres and rocks prior to 

screening for bio-mining. Store in isolated heaps for sale or use. 

f. Turn these windrow heaps once a week until no more volume reduction is observed in the 

heaps and no more heat is generated. If the garbage is stabilized, there will be no smell or 

leachate formation and the material will be dry enough forsieving. 

g. Agencies may deploy Trommels and/or Horizontal Screens for screening.  

h. The recyclables recovered from the bio-mining method ought to be sent for employment. 

Non-Recyclable plastic material ought to be sent for road creating or to RDF units or 

cement plants.  

i. The recovered earthy fines shall rather be used for landscaping or agriculture.  

j. The recovered construction and demolition waste recovered from the bio-mining method 

could also be sent to a C&D process facility if appropriate for production of building 

materials. 

k. Typically, the best fractions are going to be organic matter and fine soil, known as ‘bio-

earth’, which may be accustomed grow some vegetation for erosion management.  
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l. There could also be some (maximum 5-10% of total) left over waste together with lumps 

of heterogeneous nature. The waste could also be soaked with leachate and troublesome 

to disintegrate. This waste is oftensent to scientific lowland for disposal (near 

zeroresidues). 

m. The recovered land from the bio-mining method shall be utilized for any purpose deemed 

acceptable. Ideally rescued area ought to be reused for waste process, otherwise for 

alternate non-habitationuses. 

12.10 Conclusion and Recommendations: 

From the above study, we have found that on an average the waste fraction contains – Paper 

– 7%, Plastic – 11-14%, Metal – 1%, Glass – 1%, Organics – 29-38% and others –42-48%. 

The role of civil society and institutions (RWAs, NGOs etc.) can be instrumental to make 

SWM efficient and effective by encouraging reduction in waste generation and segregation at 

source. There should be utilization of waste in a manner to create alternate energy source 

instead of making it aburden. Municipal Solid Waste consists of Household Waste, 

Construction and Demolition Debris, Horticulture, and Waste from Streets.  

Municipal Solid Waste should be segregated into groups of bio-degradable, recyclables and 

hazardous waste. Biodegradables like organic waste from kitchen and market to be converted 

into rich organic manure or energy.  

Plastics, papers, glass; metals are to be recycled into new products. “Segregation” shall remain 

to be centric approach solution. These further creates an opportunity to order the sequence of 

collection and processing of waste – for instance vegetable market waste which is high on 

organic content can be collected and processed on a daily basis and on a decentralized model 

with the facilities being set up at the markets itself or at centralized processing unit.  

In case of recyclables or dry wastes, there should be segregation of waste by sorting them into 

plastics, paper, metal, glass, and fuel (coco nut shells) and rubber. Bio-medical, hazardous and 

e -Waste should be managed by concerned authorities as per the existing legislations. The non-

recyclable waste components and inert should be dispose of into scientifically designed 

sanitary landfills. Waste disposal of polythene, iron and metal should be done using densifiers 

and magnetic system. Between bio-degradable and non-degradable, inert material is dumped, 

while degradable waste will be processed to make manure. 
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Abstract: 

 
Indoor air pollutant has become a global health issue because people spend more time indoor 

as compared to outdoor. Important contributors of indoor air pollution are PM and VOCs. This 

report evaluates the rate or efficiency of 5 commonly used plant species in elimination of 

pollutants from indoor air. We used 5 commonly found species of plants Epipremnum aureum, 

Aloe vera, Syngonium podophyllum, Sansevieria trifasciata, Aspidistra elatior for removal of 

V PM. Potential of plants was assessed by exposing the plant to a particular dose of pollutants 

in a closed room for 8h during the day. PM was measured under two conditions in room: with 

plant or without plant. The efficiency of plants towards the removal of PM was analyzed and 

compared. The experimental result showed that Epipremnum aureum highest potential to 

eliminate particulate matter from indoor air due to its high leaf area index and can adsorb and 

deposit more amount of PM on surface. 

 

Keywords: Indoor air pollution; PM; Pollutants. 

13.1 Introduction: 

Indoor air quality has become a global health issue in 21st century. Indoor air pollution is the 

presence of undesirable component in the indoor air that deteriorates its quality and disturbs 

its natural composition and chemistry. Indoor air pollutants are of two types: Gaseous 

pollutants and Particle pollutants. Gaseous pollutants includes VOCs, nitrogen oxide, sulphur 

dioxide, fluorides, chloride, CFCs etc. are removed by microorganisms and absorption. 

Particle pollutants include particulate matter like soot, dust etc. are removed due to adsorption 

by anions around the plant.  

The occurrence of anion in plants depend on the environmental conditions in which plant 

grow. Commonly found indoor pollutants in air we breathe are particulate matter, carbon 

monoxides, oxides of nitrogen and sulphur, volatile organic compounds (VOCs) and aromatic 

hydrocarbons.  
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Indoor air pollutants are found to be 10 times polluted than outdoor air due to sealed room 

various indoor building materials, and synthetic products such as furniture and carpets (Fisk, 

2000; Orwell et al., 2004). Urban peoples spend more than 80% of their time indoor and long 

exposure to indoor pollutants cause threat to public health. The concentrations of pollutants 

are affected by seasonal variations. High concentrations of pollutants are observed in winter 

due to low mixing (Schling et al., 2004). People inhale 15,000L/day of air with pollutants 

which is 6-10L of air per minute. Indoor plants are used to reduce the concentration of indoor 

pollutants to reduce the risk to human health (Xu et al., 2011).  

Indoor pollutants can remove by the process of phytoremediation. Phytoremediation of indoor 

air utilizes plants to remove or neutralize environmental contaminants in the air of homes, 

offices and other enclosed buildings. Plants reduce indoor temperature and raise indoor 

humidity. Plants are known to have ability to absorb and metabolize gaseous pollutants.Plants 

remove PM from indoor air through stomata uptake, absorption, and adsorption to plant 

surfaces (Beattie and Seibel, 2007; Korte et al., 2000; Sandhu et al., 2007). Plants uptake air 

pollutants via their stomata during normal gas exchange (Schmitz et al., 2000). 

VOCs are readily absorbed by the abaxial surface and younger leaves as they enter the leaves 

through stomata and cuticle (Giese et al., 1994, Ugrekhelidze et al., 1997). According to 

(Tropy et al., 2014), indoor plants are potentially low cost, easily maintained, air- purifier 

component in the built environment. Different microorganisms found in growing media of 

indoor plants are capable of degrading toxic chemicals (Darlington et al., 2000; Wolverton et 

al., 1989). 

A little data exists on Particulate matter (PM) removal from indoor air. PM is collected on leaf 

surfaces based on their roughness and leaf area density. A 20% of particulate matter 

accumulation was observed in presence of indoor plants on indoor surfaces. According to 

World Health Organisation (WHO, 2006) air quality guidelines, the mean limits for annual 

exposure to PM₂.₅ and PM₁₀ are 10µg/m³ and 25µg/m³ respectively and the limit for 24h 

exposure are 25µg/m³ and 50µg/m³respectively. According to Gawronska & Bakera, (2015) 

particulate matter are classified into 4 categories on the basis of size are: 

Large particles with 10 to 100µm in size, Coarse particles with size of 2.5 to 10µm (PM₁₀), 

Fine particles of 0.01 to 2.5µm size (PM₂.₅) and Ultrafine particles are less than 0.01µm 

Therefore, plants are the potential green solution for improving indoor air quality as well as 

human health. This report presents result of research that examines PM removal by 5 common 

species of indoor plants: Epipremnumaureum, Aloe vera, Syngonium podophyllum, 

Sansevieria trifasciata, and Aspidistra elatior. 

13.1.1 Sources of Indoor Pollutants: 

Indoor air pollution arise from burning of fuels, incense sticks, mosquito coils, cigarettes 

smoke, furnishing and building materials and poor ventilation rate. Cooling system, smoke, 

colorant, aerosol spray, wood preservatives, cleansers, disinfectant, moth repellents, air 

fresheners, cosmetics, dry-cleaned clothes, pesticides, garments, permanent marker, glue, 

adhesive, building materials, furnishing and office equipments are different sources of PM in 

indoor air (Jones, 1999; Maroni et al., 1995; Zabiega1a, 2006). 
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13.1.2 Pathways of Pollutant Removal: 

Leaves and Phyllosphere microbes plays an important role in air remediation. Phenomena’s 

like adsorption, absorption and microbial degradation or assimilation of metabolic substances 

on the leaf surfaces. Plant leaf act as biofilters & are able to capture pollutants. PM 

accumulation/collection depends on leaf stickiness, roughness area (Chen et al., 2017). 

Physical parameters of leaf like stomata, shape and hair directly affect the accumulation of 

particulate matter.  

Capacity of accumulation is more on the needle leaves as compared to wider leaves for PM₂.₅ 

(Terzaghi et al., 2013; Chen et al., 2017). PM is more accumulated on the upper surface of 

leaves than lower surface (Baldacchini et al., 2017). Approx. 87% of air pollutants are 

removed by foliage plant from closed chamber within 24h (Wolverton et al., 1984, 1989; Cruz 

et al., 2014). Plant can support microbes in biodegradation or biotransformation and absorb 

and adsorb the pollutants (Wei et al., 2017). 

13.1.3 Parameters That Alter the Pollutants Removal: 

Plants rate of reducing the level of pollutants are influenced by many factors which are: Plant 

species, light, pollutants concentration and identity, temperature and growing media. The 

removal efficiency of pollutants varies with the different species of plants. Pollutants removal 

differs with different characteristics of leaf size, shape, structure, surface, leaf stomata, 

composition and microbes present in plants. As the light intensity increases, the efficiency of 

removal of pollutants are observed. The absorption and adsorption of pollutants depends on 

the molecular mechanism, structure and amount of pollutant. The removal efficiency of 

pollutants increase with increase in temperature. The removal of pollutants depends on the 

composition and microbes present in soil nutrient media. 

13.1.4 Health Effects: 

Deaths due to respiratory diseases majorly depend on the indoor air. Activities like cooking, 

cleaning, heating, lightening etc. put bad impact on humans. Due to air contamination, 7 

million people died per year (WHO, 2012). Pollutants like VOCs, PM, PAHs, nitrogen oxides 

etc are able to generate reactive oxygen species which cause COPD, asthma, lung cancer, 

pulmonary fibrosis and cardiovascular diseases like atherosclerosis (Rahman et al., 2012). 

Using the DALY (Disability- adjusted lost life years) estimation out of the total burden of 

diseases 4-6% are from indoor air pollution (Smith et al., 2000). Decrease in lung functions, 

increase in respiratory diseases and cataract etc are the health effects reported in different 

studies (Mukherjee et al., 2014). “Multiple chemical sensitivity” & “Sick building syndrome” 

are the result of indoor pollutants (Shinohara et al., 2004).  Disorders occur due to indoor air 

pollution are asthma, neurological, reproductive, cancer and respiratory (Suh et al., 2000). 

Some of indoor VOCs are carcinogenic in nature (Jones, 1999). For lungs cancer particulate 

matter is the second major cause (EEA, 2007; Volk et al., 2013). It causes serious damage to 

respiratory and circulatory systems due to its smaller size. Worldwide every year particulate 

matter responsible for death of 2 million people (Silva et al., 2013). As per GBD (Global 

Burden of Disease) 2017, premature deaths occur by indoor pollution are 1.6 million people 

(3% of global deaths). Out of which 45% were aged 70 and older. In India, 51.03 deaths per 

100,000 individuals are measured from indoor air pollution (GBD, 2017). 
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13.1.5 Purpose of Study: 

In India indoor air contamination is major health issue. It adversely affects the health of 

peoples. Role of plants in cleaning of indoor air contamination is very crucial. The basic 

motive of research is finding the potential of plants towards pollutant removal. The study can 

be used to estimate the number of plants used in a particular area for removal of pollutants. 

The numbers of plants needed for specific environments are determined depend on area of 

leaves of different plant (Kim & Kim, 2008).  

The study explains how the different factors change potential of pollutants removal. Basic 

motive of research is to find the capacity of plants of different species under the same growing 

media towards different pollutants. According to selected plants capacity of assimilation and 

tolerance of air pollutants evaluated in a controlled environment chamber. Different 

concentration of pollutants at different durations exposed to seedlings. Responses of plants 

evaluated based on different morphology responses. The capacities of plants to remove 

pollutants are tested. 

The basic motives of research are to estimate efficiency of different indoor plants for purifying 

indoor air regarding particulate matter and to suggest the best indoor plant with great affinity 

to remove air pollutants. 

13.2 Methodology:   

13.2.1 Test Chamber: 

A closed room with measurement 426 * 360 * 335 cm was used in the experiment. A fan 

inside the room promoted complete mixing. A proper lightening and control temperature and 

humidity was provided. 

13.2.2 Plant Material: 

The 5 species of plants taken were: Epipremnum aureum, Aloe vera, Syngonium 

podophyllum, Sansevieria trifasciata, and Aspidistra elatior. 2 plants of approx 1yr old of each 

species were used in this experiment. The plants were reported in nutrient media composed of 

peat moss, leaflets & soil in 2:1:1 ratio. The watering of plants were done as per requirement 

and acclimated to indoor environment for more than 2 weeks. 

These plants are easily available, safe and non-toxic, have antimicrobial properties, cheap, 

have great phytoremediation ability in case of PM and can grow in water deficient areas. It is 

an inexpensive method. 

13.2.3 Introduction of Vocs and Pm: 

Incense sticks (agarbatti & dhoopbatti), cigarettes, odonil, naphthalene balls and mosquito 

repellent were used as a source of indoor pollutants (PM). 2 incense sticks (agarbatti), 1 

dhoopbatti and 1 cigarette were used daily for the production of fumes during the day in the 

experimental period of 8 hours. Odonil and naphthalene balls were used 24hours. Mosquito 

repellent was used during the night. 
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13.2.4 Experimental Setup: 

2 plants of each of 5 species were taken for the experiment. Sampling of each species plants 

was taken for 5 days interval continuously. The pollutants within the room were determined 

for 8 hours during the day. Firstly 5 day analysis of control without plant was taken to measure 

the concentration of PM in the room. The observed values were further used as standard. Two 

plants of same species were put together for further analysis.  

In each condition, these plants were placed in corner of the room. The sampler (APM 801) 

was placed in middle of the room at table. Now an initial dose of PM was introduced in the 

room and monitoring continued for 8hours from 9:00 am to 5:00 pm. A gap of at least 24 hours 

was taken before starting the experiment with plants of next species. 

13.2.5 Analysis: 

PM Sampler APM 801 at flow rate of 3 ml/min was used to determine the concentration of 

particulate matter which was generated artificially. The concentration of particulate matter 

was measured by using gravimetric method in which we directly measure the weight 

difference between the filter paper of before and after sampling. Then we are going to calculate 

the concentration of particulate matter. Sampling period was considered to be 8h in day time. 

13.3 Results and Discussion: 

We observed that indoor plants show a decreasing trend in presence of indoor plants. The 

concentration of particulate matter in the closed room increases with time due to exposure of 

artificial pollutants. Gravitational sedimentation was an effective way in decreasing the 

concentration of solid particles (Cao et al., 2019). The removal rate of particulate matter in 

room with plants was higher than the room without plants. Therefore, the presence of indoor 

plants promotes the deposition of particulate matter. 

 

Fig 13.1: Change in the concentration of PM (without plant) to the concentration of 

PM with plant 
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The study showed that indoor plants are only permanent solution for indoor pollution. The 

obtained graph (Fig 3.1) releaved that out of 5 plant species, Epipremnum aurem is most 

effective in removal or sedimentation of particulate matter due to its high adsorption capacity, 

rough and groove leaf surface, high leaf area index and strong humidifying capacity (Cao et 

al., 2019).  

The order for the potential of plants in removal of PM is: 

Epipremnum aurem ˃Aspidistra elatior ˃ Syngonium podophyllum ˃ Sansevieria trifasciata 

˃ Aloe vera 

Aloe vera has least removal efficiency of particulate matter due to its flat and less rough 

surface. 

13.4 Conclusion: 

Indoor air pollution is adversely affecting human health and comfort. From the result and 

discussion, we concluded that indoor plants are the only permanent solution to indoor 

pollution. Leaf area, surface and relative humidity play a very important role in the removal 

of pollutants. Out of 5 plant species tested, Epipremnum aureum has highest capacity to 

remove PM and Aloe vera has least potential.  

We are well aware with the fact that we belong to a developing country in which construction 

and developmental work always going on, which leads to release of large amount of PM. It is 

evident from our results that we can remove indoor pollutants using indoor plants which are 

most effective & environment friendly method. Plants rate of reducing pollutants is influenced 

by plant species, light intensity and pollutant concentration. Indoor plant can create potentially 

healthier and aesthetically pleasing environment in closed building. 
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Abstract: 
 

This paper gives a brief overview of electric vehicles with its types. Many different approaches 

have been proposed to enhance our understanding of the fundamental vehicle system and 

challenges of implementing it in India. Master plans for most cities in India target 60-80 per 

cent public transport ridership by 2025-2030. 

 However, there needs to be proper planning with reference to monitoring and control of 

charging infrastructure as unplanned increase in penetration of EVs in an area can lead to 

increase in peak load of already stressed distribution network. This paper represents a road 

map for the implementation of electric vehicles in India. 
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14.1 Introduction: 

In India, presently, most of the motorized vehicles used for the transportation purpose are 

fuelled by petrol, diesel, and natural gas. These vehicles are considered to be the major source 

of air pollution because of high carbon emission by them. Further, the petroleum products, 

which are being used in the vehicles, are depleting at a very fast rate. We have petroleum 

resources available for next few years only.  

Therefore, there is a need to find an alternate way to run the motorized vehicles. Recently, the 

National Electric Mobility Mission Plan 2020[1] was notified by the Department of Heavy 

Industry, Ministry of Heavy Industries and Public Enterprises, Government of India, to 

address the environmental challenges due to conventional motor vehicles and boost the 

production of reliable, affordable, and efficient electric vehicles (EVs).  

Recent breakthrough in the electric vehicle (EV) technology and affordable battery storage 

have shown a hope of mass level adoption of EVs.  

Accordingly, the Government of India has also taken various initiatives, such as FAME (Faster 

Adoption and Manufacturing of Hybrid& Electric Vehicles) India Scheme [2] to support 

hybrid/electric vehicles market development and Manufacturing eco-system.  

14.2 Types of Electric Vehicles: 

Mainly, there are three main types of electric vehicles; 
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A. BEV: 

The Battery Electric Vehicle (BEV) are full electric vehicles which uses high-capacity 

batteries and electric motor for propulsion but have no conventional Internal Combustion 

Engine (ICE) and fuel tank. It batteries can only be recharge its batteries by plugging in the 

vehicle to a charging point [3]. 

B. HEV:  

Hybrid Electric Vehicle (HEV) that uses a combination of Electric Motor in low speeds for 

city traffic and a conventional Internal Combustion Engine (ICE) for outside urban areas [4] 

.When ICE mode is activated, the EM stops and batteries start charging using an alternator 

driven by the same equipped ICE. It also generate electricity from regenerative braking. 

C. PHEV: 

Plug-in Hybrid Electric Vehicle (PHEV), it includes both an internal combustion engine and 

electric motor. These vehicles are powered by an alternative fuel or a conventional fuel such 

as gasoline (petrol) and battery which can be charged up with electricity by plugging into an 

electrical outlet or charging station. The combustion engine works as a backup when the 

batteries are depleted and the driver cannot have a break for charging. 

 

Fig. 14.1 Electric Vehicle 

D. SEV: 

Solar electric vehicle (SEV) is an electric vehicle powered completely by direct solar arrays 

installed on top of the vehicle by photovoltaic cells; solar energy is converted directly into 

electric energy. Since converted solar energy is the only source, it powers all part of SEV's. 

These are also equipped with a battery pack to ensure continuous driving during cloudy days 

or night use giving an extended range of autonomy to the users.  

EVs can go beyond the above mentioned technology based classification, and can be classified 

on the basis of their attributes such as i) charging time, ii) driving range, and iii) the maximum 

load it can carry[5]. Of these attributes, the two most important characteristics of an electric 

vehicle of concern to the consumer are: 
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a. Driving range (i.e. the maximum distance an EV can run when fully charged)  

b. Charging time of batteries (i.e. the time required to fully charge the battery) and charging 

time depends on the input power characteristics (i.e. input voltage and current), battery 

type, and battery capacity [6]. 

14.3 Drivers for Growth of Electric Vehicles in India 

While many countries have included EVs as an element of transportation policy, their 

responses have varied according to their stage of economic development, energy resource 

endowments, technological capabilities, and political prioritization of responses to climate 

change. In India, a particular set of circumstances which are conducive to a sustainable 

mobility paradigm have created an opportunity for accelerated adoption of EVs over ICE 

vehicles. These are:  

a. A relative abundance of exploitable renewable energy resources.  

b. High availability of skilled manpower and technology in manufacturing and IT software.  

c. An infrastructure and consumer transition that affords opportunities to apply technologies 

to leapfrog stages of development. 

d. A universal culture that accepts and promotes sharing of assets and resources for the 

overall common good [7]. 

These circumstances position India to pursue an EV policy which systematically ensures that 

India’s EV program keeps pace with the global scale since large economies seem to take 

significant steps towards electrification of vehicles. India’s growth prospects create potential 

for developing leadership in EV in certain segments. In that sense, the policy will encourage 

a path which starts with India-specific characteristics and initiatives for its auto sector, 

building towards global relevance and applications [7].  

A. The key objectives of the EV policy are: 

a. Reduce primary oil consumption in transportation. 

b. Facilitate customer adoption of electric and clean energy vehicles.  

c. Encourage cutting edge technology in India through adoption, adaptation, and research 

and development.  

d. Improve transportation used by the common man for personal and goods transportation.  

e. Reduce pollution in cities.  

f. Create EV manufacturing capacity that is of global scale and competitiveness.  

g. Facilitate employment growth in a sun-rise sector [7]. 

14.4 Challenges For Electric Vehicles’s In India: 

A. Government Regulation Challenges: 

a. The Indian Government in 2013 announced the National Electric Mobility Mission Plan 

to create demand for all electric vehicles, [9] but has not created a separate program or 

business model for the potential two-wheeler and three wheeler market exclusively.  

b. More policy tools need to be put in place to increase research and development capacity 

and incentives in battery technologies [10]. 
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c. There is no sustainable transportation policy intervention to integrate electric buses to 

slowly phase out diesel buses [10]. 

d. Promotion of public-private partnerships through car sharing programs will increase 

greater utilization of EVs [11]. 

e. Promotion of pilot programs in public transportation in various cities should be 

implemented to understand feasibility for the Indian market and thereby allow data sharing 

for charging stations to be installed [12]. 

B. Technology and Infrastructure Challenges: 

a. There needs to be an extensive layout and tariff plans for public charging stations that are 

run by public-private partnerships to promote private investment into this sector [13]. 

b. There needs to be a common standard that is adopted by all players in the EV market in 

the charging and battery infrastructure to increase flexibility and ease of access. 

c. Parking spots exclusively for EVs will address range anxiety issues [11]. 

d. As the number of EVs increase, the grid must increase its capacity to cater to the same, 

and this cannot be done without altering the energy mix to include more renewables and 

nuclear [14]. 

e. Setting up regions to eliminate emissions in highly polluted cities like New Delhi and 

Agra by limiting access to conventional vehicles will promote e-rickshaws and electric 

buses [10]. 

f. India’s lithium reserves are not sufficient to cater to the increasing demand from the EV 

market.  

g. There is a need to invest in research in development to design battery technology that is 

convenient and adaptable for domestic needs [13]. 

h. There are insufficient regulations on recycling battery and material recovery, which in 

itself could be a whole new industry [15].  

i. Smart City programs the Smart City Mission should be expanded to more cities to develop 

existing infrastructure to make the transition to EVs easier [10]. 

j. There is a need for manufacturers to start designing EV components to meet the local 

requirements through proper research and development to reduce imports and motivate 

players to enter the manufacturing sector [15].   

C. Transportation and Consumer Acceptance Challenges: 

a. The number of buses that run on combustion engines is not sufficient to cater to the needs 

of the people (currently only one-tenth of the population). Expanding public transportation 

provides opportunities for EV markets to increase as well by deploying more electric buses 

[14]. 

b. There needs to be an effective transportation system specifically for high population 

density regions to reduce travel time for EVs to be deployed [10]. 

c. The National Urban Transport Policy promotes public transportation but however less 

emphasis is given to introduce more bus fleets [10]. 

d. There is an inhibition for consumers to purchase EVs due to ignorance of subsidies, lack 

of access of public transportation and high costs [11]. 

e. Programs and agencies like the Bureau of Energy Efficiencies, National Green Tribunal, 

FAME, Jawaharlal Nehru National Urban Renewal Mission, etc., should create 

educational programs to remove any stigma and skepticism associated with EVs [10].  



Electric Vehicles Concept and Implementation in India 

105 

 

f. Incentives like prioritizing EVs in traffic by allowing them to use separate lanes will 

reduce congestion and increase public acceptance of EVs.  

g. Charging stations at points of high access like malls, hospitals, stadiums, etc., should be 

implemented [12].  

h. Intelligent Transportation Systems are needed to understand consumer use of conventional 

vehicles and land use to develop better activity based modeling, to create travel 

information and to develop user opinions and attitudes [16]. 

14.5 Conclusions:  

Thirteen out of 20 cities in the world with highest air pollution are in India. It is envisaged that 

Low carbon scenario with ‘highest’ EV penetration shows 50 percent drop in PM 2.5 by 2035 

(UNEP, DTU and IIM-A) .We should work on framing good policies and Adequate capacity 

addition primarily through Renewables in distribution grid in order to meet additional demand 

created by high penetration of EVs. Use of dynamic pricing model and smart grid tools for 

charging stations to encourage charging at non-peak timings hence aiding to Peak Load 

Management. Investment in R&D for future battery technologies resulting in batteries with 

much higher specific energy, environment friendly and lower costs. As batteries constitutes 

50% cost of EV’s. Other initiatives that may help scale up EV in cities include local plans for 

electric vehicles, subsidies, dedicated parking and related incentives, use of information 

technology (IT) to locate charging stations, collaboration with private companies, as well as 

public car share and lease. 
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• EPDS- Electric Power Distribution System. 

• FAME-Faster Adoption and Manufacturing of Hybrid& Electric Vehicles 

• EV Electric Vehicle  

• BEV Battery Electric Vehicle   

• HEV Hybrid Electric Vehicle  

• PHEV Plug-in Hybrid Electric Vehicle   

• SEV Solar Electric Vehicle  



 

 

 

 


