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Preface

Waste management rules in India are based on the principles of “sustainable devel-
opment”, “precaution” and “polluter pays”. These principles mandate municipalities
and commercial establishments to act in an environmentally accountable and respon-
sible manner—restoring balance if their actions disrupt it. The increase in waste
generation as a by-product of economic development has led to various subordinate
legislations for regulating the manner of disposal and dealing with generated waste
are made under the umbrella law of the Environment Protection Act, 1986 (EPA).
Specific forms of waste are the subject matter of separate rules and require sepa-
rate compliances, mostly in the nature of authorizations, maintenance of records and
adequate disposal mechanisms.

Waste Management (industrial and domestic) is one of the major concerns of
modern society due to the ever-expanding volume and complexity of discarded
domestic and industrial waste. It has become one of the most significant environ-
mental issues, particularly in developing countries. In India, the approach toward
solid waste management is largely unscientific. Where even in India, today a large
portion of waste is being dumped indiscriminately on the outskirts of towns or cities,
without any prior treatment, which is leading to groundwater contamination and an
increase in pollution across the country.

If the Solid Waste Management Rule is properly implemented and is also adopted
by the people, it can simply transform the waste management system in India. The
amount of high-calorific waste is increasing in India and the country is gradually
trying to adopt waste segregation at source, these two factors are crucial in running
waste-to-energy projects, apart from that, there exist waste-to-energy technologies
that can process unsegregated and high moisture-low calorie waste too and that can
be very useful for a country like India as in many cases bringing a quick change in
people’s behavior is not easy and something needs to be done urgently.

Through this publication, the reader can update himself/herself with the advances
in water pollution monitoring and control, and inform on related opportunities and
challenges. This volume presents select papers on Advances in waste management
which were presented at the International Conference on Advances and Innova-
tions in Recycling Engineering (AIR-2021), October 21-22, 2021, organized by the
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University of Petroleum and Energy Studies, Dehradun (UPES) India, in collabora-
tion with Department of Chemical Engineering, Hindustan Institute of Technology
and Science (HITS), Chennai, India and The Department of Hydrology and Hydro-
geology, Tashkent Institute of Irrigation and Agricultural Mechanization Engineers,
Uzbekistan. The conference was attended by leading academic scientists, leading
engineers, policy makers, budding scholars and graduate students. The contribution
from the authors cover topics ranging from waste management to clean development
mechanism that would help tackle the problem of Recycling Engineering and Waste
Management and ensure access to eco-friendly techniques for waste management to
be adopted to ensure sustainable development.

Dehradun, India Dr. Abhishek Nandan
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Assessment of Groundwater Using Water = m)
Quality Index (WQI) at Saharanpur oosk ko
City, Uttar Pradesh (West), India

Abhishek Tyagi, Satayajeet Arya, Abhishek Nandan, and Prasenjit Mondal

Abstract Groundwater is a natural resource and plays a vital role in our life. The
study was carried out to access the groundwater quality of Saharanpur district, Uttar
Pradesh. The assessment study was formulated in WQI to understand more about
groundwater quality in a single term. Water Quality Index (WQI) summarizes numer-
ical equations in a single term to understand better the quality of water. It is also
helpful in determining the valuable rating of water quality and appropriate technique
for its treatment. It also communicates information about water quality to the public
and legislative decision-makers. In the present study, groundwater samples were
collected from different locations, and WQI has been computed using seven param-
eters viz., pH, Total Hardness, Total Alkalinity, Electrical Conductivity, Calcium,
Magnesium and Chloride. The result shows that WQI for all the locations were
higher than 100 and in some locations, it was more than 200, which means the water
quality is extremely poor and not drinkable.

Keywords Water quality index + Groundwater quality - Water analysis

1 Introduction

Groundwater is a natural dynamic renewable resource with consideration of all
others [1]. Its availability in adequate quantity is very important for human life
and other purposes. Human life depends, in direct (for drinking) and indirect ways
(like cooking, washing, bathing, etc.), on fresh water. Groundwater is the most
crucial source of potable water throughout the world [2]. It is generally consumed
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by drinking, washing, preparing food and so forth. Groundwater defilement due
to anthropogenic exercises is a worldwide issue for domain researchers and poli-
cymakers. Among the anthropogenic exercises, industrialization, urbanization, solid
waste unloading, present-day rural and so forth assume a huge part in tainting of fresh-
water aquifers [3—8]. But presently due to a lack of discipline and weak legislations
toward conservation, the quality and quantity of water became polluted and spoiled.
Consequently, the number of water-borne diseases which cause health hazards has
increased [9]. Nonetheless, the greater part of the investigations connected with
groundwater quality examinations have been completed in the eastern or focal district
of Uttar Pradesh, and there is an earnest need to lead such a review in the western
locale. Saharanpur district falls under the Hindon River catchment [2]. That’s why it
is necessary to monitor the quality of groundwater regularly to observe the demand
and level of pollution in it.

The present study mainly focused on the physiochemical analysis of groundwater
samples of different locations and formulated the results in the WQI to conclude the
exact quality of groundwater whether drinkable or not.

2 Materials and Methods

2.1 Study Area

As shown in Fig. 1, the study was carried out at Saharanpur city, Uttar Pradesh. The
Saharanpur district is very near to the Shivalik hills range and lies under the upper
Ganga-Yamuna region of northern India [10]. The mean sea level of Saharanpur
district is ~269 m, and the annual mean rainfall is approximately 1150 mm [11].
Due to the deposition of alluvium soil across the district by the tributaries of two
rivers, the soil is fertile. The population of the district is 3,464,228 out of which 69%
lives in rural locations [12]. Thus, mostly the population depends on agriculture for
their livelihood. The important industries in Saharanpur include the tobacco industry,
cotton industry, paper mill, sugar industry and woodwork industry. The majority of
the population depends on hand pumps and bore wells for water requirements. The
samples for the study were collected from 18 different sites as shown in Fig. 2.

2.2 Sample Collection

Groundwater samples from hand pumps and bore wells of different locations were
collected in bottles (polyethylene) which were prewashed by diluted acid and soaked
with deionized water. Before sampling, hand pumps and bore wells were pumped
for 10 min to remove standing water from the sources to get a representative sample.
The samples were properly preserved and carried to the laboratory of Environmental
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Management Division, Central Pulp & Paper Research Institute, Saharanpur, India,
for further analysis. The analyses were carried out as per standard [13]. All the
samples were analyzed in duplicate to ensure more accuracy and less error.

In the present study, seven important parameters were chosen for the calculation
of WQI. The standards for drinking water quality recommended by World Health
Organization (WHO) [14], Bureau of Indian Standards (BIS) [15] and Indian Council
for Medical Research (ICMR) were taken to compute Water Quality Index (WQI).
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Table 1 Drinking water standards as per recommended agency [14, 15]

S. No | Parameter Standard (Sn) | Recommended agency | Relative weight (Wn)
1 pH 6.5-8.5 ICMR/BIS 0.219
2 Electrical conductivity | 300 ICMR 0.371
(EC)
3 Total alkalinity 120 ICMR 0.0155
4 Total hardness 300 ICMR/BIS 0.0062
5 Chloride 250 ICMR 0.0074
6 Calcium 75 ICMR/BIS 0.025
7 Magnesium 30 ICMR/BIS 0.061
> "Wn = 0.7051

Note All values are in mg/1 except pH and EC (j.S/cm)

The weighted arithmetic index method [16] was adopted to calculate the WQI (Table
iy

w
wor = =9"Wn
> Wn
where
gn = Quality rating (nth water quality parameter) andn =1, 2, ......0.6.
Wn = Relative weight of nth parameters.
Now,
_100(Vn — Vio)
~ (Sn—Vio)
where

Vn = Estimated value (nth parameter).

Sn = Permissible value (nth parameter).

Vio = Ideal value (nth parameter for pure water).
Vio = 7.0 (for pH) and, O (for all other parameters).
And,

where
K = Proportionality Constant.

Now K =1/ Z (1/Sn)
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:l?:ljlliiyzba]zgc%r(f; gli“\/]i;ire of WQI ranges Degree of water quality
WQI 0-25 Excellent

26-50 Good

51-75 Poor

76-100 Very poor

>100 Unsuitable

The water quality index describes the quality of water as per Chatterji et al., 2002,
given in Table 2.

3 Results and Discussion

The results of the physiochemical analysis of groundwater samples of different
locations are presented in Tables 3 and 4 and Fig. 3.

The analysis results of different parameters of groundwater samples as presented
in Table 3 reveal that only pH and Chloride concentrations meet the permissible
limits as per the recommended agency. All other parameters were not meeting the
prescribed standard permissible limits, except one or two locations for a specific
parameter. The EC levels in all samples were found to be high in all locations.
Only three sites were found to be <0.5 mS/cm, which was close to the permissible
limit, i.e., 0.3 mS/cm. Out of 18 locations, only one location was found to meet
the permissible limit of Total Alkalinity. For Total Hardness and Calcium, only 8
locations were found to meet the standard limit. Nine locations were found to meet
the permissible of magnesium.

The possible impacts on groundwater quality may be likely due to the discharge
of untreated sewage water and industries’ effluent into river streams, as the city is
an industrial hub of all kinds of large- and medium-scale industries. A seasonal river
named Dhamola is also flowing on the side of the selected locations carrying munic-
ipal, household and industrial wastewater. The wastewater and waste are dumped
into the river without any treatment. This may also degrade the groundwater quality
by contaminating the groundwater aquifers through sediment percolation.

4 Conclusion

Among all the sampling locations, the value of different parameters varies signifi-
cantly due to various anthropogenic means. Understanding the groundwater quality
is important because it decides the suitability of water for different purposes like
drinking, bathing, cooking, etc. It is difficult to understand the suitability of specific
parameter results because all the parameters are not under permissible limits. Thus,
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Table 3 Physiochemical analysis of different samples

Locations pH |EC Total Total Chloride | Calcium |Magnesium

(mS/cm) | alkalinity | hardness | (mg/l) (mg/l) (mg/l)
(mg/l) (mg/l)

Himmatnagar |7.12 | 1.12 436 440 86.37 99 47
IPT campus 7.57 |05 285 226 17 51 24
Indra Gandhi | 7.13 |0.51 420 250 27.19 57 26
Colony-I

Indra Gandhi | 7.05 |0.56 340 225 28.4 58 22
Colony-II

Near paper mill | 7.01 |0.93 450 357 50.18 79 39
Rajvihar 7 1.18 506 542 71 145 43
Anjani Vihar 7.39 10.75 352 352 58.39 82 29
Kapil Vihar-I | 7.35 |1.1 650 532 117 117 58
Kapil Vihar-II |7.25 |0.93 458 384 56.38 88 39
Brahmpuri 7.1 0.71 416 239 50.18 56 24
Colony

Brijesh nagar |7.6 |0.7 398 225 95.17 58 22
Shastrinagar-I | 7.54 |0.96 512 408 79 112 31
Shastrinagar-II |7.42 |0.9 470 435 70.4 102 44
Vinay vihar 7.54 |0.64 400 294 37.38 68 30
Dargapur 7.29 |1.01 588 388 69 95 37
Shekhpura-1 7.14 0.5 608 228 51 61 18
Shekhpura-1I 7.18 |1.71 614 500 151 146 33
CPPRI colony |8.24 |0.45 55 210 8 48.1 22.1

WQI is formulated for the water with seven different water quality parameters to
understand the quality of water in a single term. The study reveals that the WQI of
all the locations was greater than 100. And in some locations, it was found to be
more than 200. It means that the quality of water in these locations is extremely poor
and not suitable for drinking purposes. The study provides useful information to plan
and execute suitable practices to combat groundwater pollution in the study area.
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Safety Concerns and Consequences )
of Cloud Seeding L
Implications—A Systematic Review

Akshi Kunwar Singh, B. Abhijith, and Leelakant Dewangan

Abstract The cloud seeding process is the most common weather modification
technique carried out extensively since its invention in the 1950s. There are various
benefits of cloud seeding that have helped many countries facing a severe loss of rain
and scarcity of drinking water, but the repetitive and prolonged usage of the existing
cloud seeding methods carries potential risks along with it that can be toxic, harmful
and have effects on the metrology of a region. The risks associated with various
chemicals are discussed along with the metrological data showing the harms caused
and improvement in rainfall following the Cloud seeding method. These changes
were deeply discussed, and the necessity for alternate seeding materials or alternate
methods is focused on in this paper to consider the motto of environmental protection.

Keywords Cloud seeding * Static seeding + Dynamic seeding *+ Hygroscopic cloud
seeding

1 Introduction

Various methods are developed to change the weather conditions in the environment.
One of those methods is Cloud Seeding, by using chemicals such as Agl (Silver
Iodide) to increase the precipitation rate, prevent hailstorms and reduce hurricanes
[1]. The chemicals are dispersed in the cloud to increase the rainfall and snowfall in
a particular area, which initiates the formation of the ice particles as the chemical
crystals act as a nucleus [2]. When the size of these formed particles is such that
they cannot remain suspended, then the particles start to fall due to gravity [3]. If this
happens at higher altitudes or cold regions, such as mountains, the particles may fall
as snow, but the falling ice particles in the lower altitude region convert into water
droplets and will fall as rain [4].
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Many countries like the UAE, the USA and China have adopted the cloud seeding
process. It is an age-old method used to increase the precipitation rate by using a
chemical process to modify the weather. Chemicals [(silver Iodide or dry ice, Sodium
Chloride and calcium carbide) = Ice nuclei] are sprayed into already-formed clouds
to increase the precipitation rate [S]. The biggest drawback of the cloud seeding
method is that this method can only be used when clouds are present because no
new clouds are formed. An average of 10-15% increase in precipitation is observed
after cloud seeding [6]. Even though many studies show an increase in the water or
precipitation, the increase in precipitation is minimal in some cases. This increase
in precipitation may happen due to many factors, such as a change in the average
weather pattern.

Various advanced studies have been done to interpret the data associated with
cloud seeding and its effectiveness; in addition to it, microscopic studies were also
conducted to understand the adverse effects of these seeding processes in the longer
run. The studies done in India are of minimal importance than in any other region as
IIT Madras and Rain and Cloud Physics Research centre (RCPR) conducted most of
their studies in the 90s. However, the current trend is deteriorating, and the focus on
creating less toxic and more efficient alternatives is minimal. As one can see, most
of the chemicals used since the 1970s are still being used without much variance.
This paper discusses various possessing threats by the overused chemical, resulting
in adverse climatic and toxic conditions in the environment.

1.1 How Cloud Seeding Works

A specified seeding agent is added to the particular type of cloud (Cumulonimbus:
very few types of this cloud result in an increase in the precipitation rate) as shown
in Fig. 1. The spraying of chemicals can be done by various methods, such as using
a plane and spraying the chemicals on the top layer of the cloud. In another method,
rockets are used to spread the chemical by creating explosions near the clouds. In
ground generators, acetone-containing Agl is burned to produce the ice crystal, which
goes up with smoke. The chemicals used in the cloud seeding method also come to
the ground with rain and accumulate in the environment if the seeding is performed
many times [4]. The chemical used for the seeding purpose has the same crystal
structure as ice [7]. Silver Iodide is released in the hygroscopic method into the
atmosphere from the plane. Silver iodide is the most preferred chemical because of
glaciogenic (Ice Nucleating) and has similar properties to ice crystals [8]. Thus, it
acts as an ice nucleus that initiates precipitation in the form of ice particles. When
this ice gets heavy, it falls as rain or snowfall due to gravity. If cloud seeding is
performed in the mountain region, higher altitude region or the colder region, the
precipitate falls as snow. And if it is done in a low-level region or a warmer region,
ice transforms into water droplets, and rainfall occurs.
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How does Cloud seeding work?

Spreadin i s
- - p_ 8 Precipitation
« Silver lodide (Agl) seeding crystal
= Potassium lodide (KI) e\By ne # Around the chemical * Heavy particles will
. ;:é;?:i:}m Carbide S By okt :l;\:::sls ice formation fall as
« Sodium lodide (Nal) * By crystalline smoke o Ra;: (water)
Selection of Nuclei o Snow (Snowfall)
chemical formation

Fig. 1 Steps for cloud seeding

Silver Iodide (Ice nuclei) + Light tiny rainwater droplet (Already present in the
cloud) = Ice Particles (Heavy enough to fall).

The clouds do not live long, but particles collide on their own and turn into larger,
heavier particles, so every fraction of particles of a raindrop is sufficient to convert
into a larger one.

1.2 Important Factors in Cloud Seeding Operation

As shown in Fig. 2, various factors affect cloud seeding effectiveness, as choosing
the correct type of cloud is very important because not all clouds start to precipitate
when needed. Cumulonimbus is one of the clouds which gives heavy rain when
seeded. Also, the seeding time is significant because if the cloud is seeded early or
later, the effectiveness of the cloud seeding will be significantly less. Another factor
is the amount of the seeding material used, which should be enough to initiate and
ensure that further nucleation is self-sustained, whereas another method used for
cloud seeding involves proper and homogenous dispersion of the chemical on the
cloud, which increases the efficiency of the cloud seeding process [9].

The correct type of material selection is significant, and it plays a vital role in
cloud seeding because the size, structure and properties of these materials affect the
effectiveness of cloud seeding and can alter the precipitation [10]. Some essential
chemicals which are used in the seeding process are silver iodide (Agl), liquified
propane (C3;Hg), which, when burnt, produces smoke containing ice nuclei, solid
CO,, sodium iodide (Nal), calcium carbide (CaC,) and calcium chloride (CaCl,)
[11]. The most commonly used chemical is Agl due to its crystal structure similarity
with ice. Environmental parameters such as pressure, temperature, humidity, speed,
the direction of airflow and nuclei present in the atmosphere manipulate the seeding
effectiveness. The environmental parameters also contain local natural structures
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Fig. 2 Factors affecting cloud seeding

such as soil conditions, plants and mountains. Usually, the effect on cloud seeding
due to temperature change is minimal and does not lead to much change in the
effectiveness of cloud seeding. However, when all the parameters change, it causes
a significant variation in the effectiveness.

Along with these factors that affect the clouds while performing the cloud seeding
operation, some factors affect the effectiveness of the cloud seeding by altering
the nucleation. This altering of nucleation can be done by changing the seeding
methodology [10]. So, all the parameters must be controlled or appropriately checked
before performing the cloud seeding operation.

2 History of Cloud Seeding

Throughout the world, myths were followed before the scientific studies of why rain
occurs. Certain people believed that firing artillery into the sky could result in rain,
including blood sacrifice [12]. So, to make rain happen, various parts of the world
followed various pseudo-scientific methods, including using frogs by hanging them
on trees, making giant paper dragons hoping for rain and in certain parts, humans
were also sacrificed for rain. Figure 3 depicts the history of cloud seeding years.

These myths were cleared when James Pollard Espy, who is considered the father
of the US Weather Bureau, explained the method of cloud formation [13]. He proved
the science behind the theory of fire producing rain and explained it with the theory
that hot air expands, resulting in condensing of air vapours and a drop in temper-
ature. He proposed that burning a large amount of land could result in rain. Cloud
seeding experiments were first conducted in 1946 by Vincent J Schaefer, an American
metrologist and chemist [13—15].
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1891 Louis Gathmann’s Suggestion

Bergon-Findeisen

Vincent Schaefer’s Discover and Bernard Vonnegut nucleating using Agl

Project Cirrus

Project Stormfury

1962-1988 Reclamation cloud seeding applied research

1964-1988 Project Skywater

1967-1972 Vietnam War

Cloud seeding from ground using Agl by Palm Springs

1974-1979 High Plains Cooperative Pilot Project (HIPLEX)

Precipitation Enhancement Project by WMO and Spain Govt.

1979-1993 NOAA conducted Atmospheric Modification Program

2002-2006

Weather Damage Modification program

Fig. 3 Timeline of history of cloud seeding

2.1 Cloud Seeding in UAE

Even though the cloud seeding studies were conducted in the 1940s, the UAE started
these studies in the 1990s. Even though the start was late, the UAE was never lagging
behind the technology; in 2005, the UAE launched various awards and rewards for
studies and innovations on weather modification techniques and technology [16]. In
2010, cloud seeding started as a project for altering the weather across Dubai and
Abu Dhabi deserts. In 2015, UAEREP (UAE Research Program for Rain Enhance-
ment Science), the programme for rain enhancement science, allowed scientists and
researchers to indulge in this field. By 2014, a total of 187 cloud seeding missions
were conducted in the UAE alone and were increased to 214 missions in 2017, with
a total of 247 missions in 2019 for altering the weather with the help of technology
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artificially [17]. Figures 4, 5 and 6 depict the average rainfall in Sharjah with or
without cloud seeding, and their comparison in mm precipitated.

The comparison of data with and without cloud seeding in the UAE indicates
the importance of cloud seeding, as we can see that from 1992 to 2007, the rainfall
average was 13.68 mm without cloud seeding, which is a minimal value considering
the rainfall and indicates a very short rainfall bringing less amount of water to the area

Rainfall in mm without Cloudseeding
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15
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0.4
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

— Sharjah

Fig. 4 Rainfall record of Sharjah in mm without cloud seeding [18]
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Fig. 5 Rainfall record of Sharjah in mm with cloud seeding [18]
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Average Rainfall in Sharjah With and Without Rainfall in mm
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Fig. 6 Average rainfall comparison with and without cloud seeding [18]

[16]. Since the project of cloud seeding, as mentioned in 2010, the rainfall increased
by a significant value bringing medium to heavy rainfall with an average of 26.55 mm
of rainfall which increased by 194% [17]. This value was nearly double that without
cloud seeding, and in specific years, the rainfall rose to 78.2 mm, indicating heavy
rainfall leading to flooding [18].

2.2 Cloud Seeding in India

In India, rainfall is becoming scarce in certain states, and the decline in rain has
increased drought in various states. Regularly, it is necessary to implement methods
to overcome this drought for drinking water, agriculture and other purposes as most
of the Indian market is focused on the agricultural sector, and droughts could impact
it adversely. In 1951, the Tata firm used Agl for cloud seeding in the Western
Ghats using ground generators. Later in 1952, Dr Banerji tried using salt-based
seeding materials and silver iodide using a balloon released from the ground filled
with hydrogen gas, allowing it to reach sufficient altitude [19]. In 1953, Council of
Scientific and Industrial Research initiated the setting up of Rain and Cloud Physics
Research (RCPR) for having an extensive and deep study on conducting long-term
seeding programmes. With the use of salt-based seeding material, the Northern part
of India experienced an increase in rainfall by about 20% from 1957 to 1966. RCPR
integrated with IIT madras and conducted various cloud seeding studies till 1977.
Various experiments were carried out in Uttar Pradesh and Karnataka during 1974
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and 1975, respectively, and the study carried at Karnataka during 1973, 1974, 1976
and from 1979 to 1986 showed a significant raise of rainfall in this area by a margin
of 24% [11].

3 Methodologies

Rain is formed after the water vapour present in the atmosphere condenses to form
water droplets that are collected around particles like specks of dust that are naturally
occurring. But all clouds present in the sky result in rain, and most of the clouds that
result in rain cannot produce large drops as only a few clouds have sufficient moisture
to form huge droplets. It is because there aren’t sufficient cloud droplets available
for forming raindrops, and another reason for this is because rain clouds do not last
enough for the cloud droplets to accumulate and form rain [20]. Figure 7 shows
various cloud seeding methods available.

Cloud seeding is the process that helps in increasing the number of ice crystals in
the cloud as they provide additional nuclei where the water droplets can accumulate
through condensing, as shown in Fig. 8. These nuclei can be formed with the help
of materials like salts, silver iodide, potassium iodide and dry ice, and in particular
studies, liquid propane is also used for this [21]. Liquid propane can produce ice
crystals at a more significant temperature than silver iodide; hence, the applicability
is also greater [22]. In expert studies in this field with silver iodide to induce rain, it
was found that the Agl have a structure that is identical to that of natural ice crystal
structure, and on applying the Agl in the topmost part of a cloud that is on developing
or growing stage, the Agl grows faster than the naturally forming ice crystals making
the crystal heavy due to the accumulation of moisture leading to the formation of
large raindrops. Studies have identified that just a single gram of Agl can lead to 10
trillion artificial crystals of ice [16].

Cloud Seeding Methods

Static Cloud seeding Dynamic Cloud Seeding Hygroscopic Cloud Seeding

Fig. 7 Cloud seeding methods



Safety Concerns and Consequences of Cloud Seeding ... 19

Silver lodide, potassium iodide, salts, dry ice or
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nuclei ice crystal and forming bid
droplets resulting in heavy rain

Normal cloud with less moisture
content and ice crystals

Fig. 8 Cloud seeding process

3.1 Static Cloud Seeding

The static cloud seeding technique is the method of spraying Silver lodide or any
other potential seeding material into the clouds. It helps the crystal formation in the
cloud, which accumulates the nearby moisture to rapidly cool by accelerating the
speed of dispensing the water, thus reducing the time of cloud formation to rain.
For the statistical seeding process, the window for successful seeding is limited. If
successful, it causes the alteration in the microstructure of the cloud, increasing the
concentration of ice crystal, rapid development of precipitation and reducing the
liquid water content that is supercooled [23]. Due to the limited window of success
for static seeding experiments, the results vary from successful seeding to a reduction
in rainfall or no effect on seeded clouds [19]. Hence, the adoption of this method can
never be evidenced as successful in every region unless all environmental conditions
match that of the successful seedings. Static cloud seeding doesn’t require air current,
and the condition during seeding will be primarily stable [11].
Static cloud seeding hence is limited to the following cloud conditions:

This method has the potential to be successful for cold or continental clouds.
Clouds with temperatures varyg in the maximum range of —10° to —25 °C.

The timing should be managed such that this process needs to be done before the
depletion of supercooled water through precipitation or entrainment [20].

3.2 Dynamic Cloud Seeding

The primary focus of this method is to enhance the vertical airflow ensuring the
vertical accumulation of more water resulting in more precipitation. The significant
difference between dynamic and static seeding is the role of air current, and the
dynamic seedings objective is to utilise and boost the vertical air current, allowing
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Dynamic Cloud Seeding
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Fig. 9 Dynamic cloud seeding stages

more water to pass through the clouds, resulting in more water condensation, resulting
in more rain [21]. The quantity of seeded particles induced into the clouds is also
much more incredible considering the static seeding process where per litre of water,
the objective is to ensure 100—1000 ice crystals, and this number corresponds to the
requirement of dropping 200—1000 g of silver iodide through flares to the highly
condensed supercooled liquid water [18]. This cloud seeding method observed
glaciating evens in the cloud, converting the cloud from liquid to ice. This initiative
is being done in Thailand and Texas; the results derived are satisfactory compared to
statistics where the window is limited in case of success. Figure 9 depicts the cloud
seeding stages.

3.3 Hygroscopic Seeding

The formation of precipitate in warm clouds occurs due to the frequent collision of
the clouds, and due to the effectiveness of this process, the clouds contain sufficient
substantial water content in liquid form. Improving the precipitation amount in the
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mPotassium Chloride  mSodium Chloride  m Magnesium  m Other Materials

Fig. 10 Materials used in hygroscopic cloud seeding [16]

cloud is by inducing hygroscopic salts, which absorb water through vapour deposition
[18]. This method involves the deposition of small salt particles deposited in the base
of the clouds, which on vapour deposition absorbs moisture and increases the salt’s
size. Once more prominent, they form one mass embryo that can participate in a
collision for rain formation.

The term hygroscopic means the capability of a substance to intrigue moisture
from the air. This method is applied in warm clouds using materials like sodium,
potassium and magnesium salts, and these materials are considered the embryo
around which the raindrop forms [16]. This type of seeding process is mainly used
in the UAE, where the presence of warm clouds is more.

Applicability of the materials mentioned in Fig. 10; Potassium Chloride consisting
of 70% and Sodium Chloride consisting of 13% of the flare composition helps attract
the water droplet. Magnesium composing 5% of the flare composition controls the
flame from the flare. The other material consisting of 12% is solidarity material that
helps in binding these other materials together.

3.4 Ground-Based Cloud Seeding

In ground generators, acetone containing Agl is burned to produce the ice crystal,
which goes up with smoke. The chemicals used in the cloud seeding method also
come to the ground with the rain and accumulate in the environment if the seeding
is performed many times [4].
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4 Benefits of Using Cloud Seeding in Increasing
the Precipitation

Cloud seeding is performed to increase the precipitation and make more rain or
snowfall than usual. Cloud seeding can be performed for various purposes, such as
increasing rain in the drought area so that it can help in agricultural purposes, to
increase the snowfall to maintain the ice level of mountains, to avoid flooding in
flood-prone areas by identifying the clouds and seeding them to some other places,
and also to avoid rain or snowfall in a particular area for a particular occasion. Cloud
seeding can be used for agriculture to increase productivity and hence can lead to
the growth of the economy [11].

If cloud seeding is used to suppress the hailstorm, the per acre benefit can be $14.65
to $ 23.35 every year. This value cumulatively for North Dakota becomes from $300
to $477 million every year [24]. In the winter Olympics, China has used cloud seeding
to make the event successful. In China, decrease in snowfall is observed, and for the
winter Olympics, the snow is significant. Thus, cloud seeding was performed in the
Haituo mountains to make snowfall [25].

5 The Potential Risk Possessed by Cloud Seeding

5.1 Risk from Agl

Right now, similar to ice crystalline structure, Agl is the most commonly used chem-
ical, which is not commonly available in the atmosphere. And the concentration of
free silver in the soils and sediments due to the cloud seeding is deficient. So, it does
not pose any toxicological threat. But the accumulation of the Agl in the same place
due to the repeated seeding process makes the concentration moderately toxic.

In the laboratory, a simulation of the environmental concentration of 12.5 micro-
molar of the Agl after repeated seeding identified its adverse effects on the various
microbes in soil and water. The highest increase of about 26% in demand for BODs
was 2.5 micromolar. But soil worms were not affected by the Agl. There is a
considerable drop in the photosynthesis of the producers [4] (Tables 1 and 2).

Table 1 Change in

. . S. No | The concentration of Agl | Increase in the BODs (%)
biological oxygen demand for

different concentrations of (micromolar)
Silver Iodide [4] 1 0.43 22.97 £ 6.37
2.5 26.57 £9.97

12.5 25.02 £+ 6.66
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Table 2 Inhibition of
different concentrations of
Silver Iodide [4]

S.No | The concentration of Agl | Inhibition
(micromolar)

1 0.43 No effect
2.5 36.04 + 75.78%
5-12.5 Significant reduction in
luminescence

5.1.1 Soil Bacteria Viability

At 0.43 micromolar concentration, there is an increase in the number of dead cells
in the taken microbes, leading to improper function of metabolism and causing a
decreased population of soil bacteria [4].

5.1.2 Agl Test on Water

There is a considerable drop in the physical activity of the microorganisms at
the concentration of 0.43 micromolar also. After some intervals, the numbers also
decreased drastically, which shows the toxicity of the Agl. In the producers, decrease
in the photosynthesis process was significant. Silver Iodide is a substance that comes
under a hazardous category, and it is a primary toxic pollutant. Also, it is categorised
as a non-soluble inorganic substance. In Australia, the Threshold Limit Value (TLV)
value of Agl in drinking water is 0.43 micromolar. Free silver ion is the majorly iden-
tified toxic in the Agl. Free silver ions will be in the solid form, and this silver form
is used in cloud seeding because it acts as nuclei in the cloud seeding process [4].

5.2 Impact of Potassium lodide

Potassium iodide (KI) causes a significant increase in the iodine level in the body.
3 mg of KI per day for a 4-week female can severely increase the thyroid organs and
cause a weight change. A small KI intake can affect thyroid hormones and hormone
supply (THS) levels. Frequent intake of KI causes a considerable decrease in the
sodium iodide symporter (NIS) mRNA and pendrin (PDS) mRNA, which can cause
mutation of the species, and this mutation has some adverse effects on the body of
the mammal [26]. These changes in the mother’s thyroid gland behaviour can cause a
severe impact on the body and brain growth of the foetus and the infant child because
for the growth, they are dependent on the mother. These can even impair the brain
of the foetus or infant [27]. However, the WHO recommendation for KI in adults is
130 mg, but for mothers with foetuses and infant child it is considerably less, and it
is under another section type of population [28]. Foetus and an infant child are more
in danger of getting severe effects of iodine [27].
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5.3 Risk Posed by Sodium Iodide (Nal)

Frequent sodium chloride intake can cause a considerable decrease in the NIS mRNA
and PDS mRNA, leading to the mammals’ mutation [26]. In adults, iodide causes
an increase in blood pressure and can lead to heart problems and thus may have a
critical negative impact on body function. After reacting with the NO2, Iodide forms
NO, which is acidic [29]. That can make the water acidic and can cause damage to
plants and microorganisms. Also, if this happens inside the stomach, it can cause
severe irritation.

5.4 Risk Posed by Calcium Carbide (CaC3)

CaC, always has some amount of arsenic which is highly carcinogenic. Also, it
contains a good amount of toxic material, which can reach the ground with rain or
snowfall [30]. This condition can be very harmful not only to aquatic life and plant
but also it could cause harm to humans too. The impact of CaC, is chronic, and it
could have adverse effects in the long term. Some short-term effects are skin burns,
irritation and inflammation [30]. Accumulation of calcium carbide in the soil can
result in the concentration of arsenic in agricultural products such as rice [31]. When
reached into the body, it can cause cancer in the long term.

5.5 Potential Risk of Flooding

Seeding on the Cumulonimbus clouds can lead to very severe flooding in the area of
the Cumulonimbus cloud cover. The rainfall may happen at such a rate that it won’t
provide sufficient time to react to the people [11]. A scenario, similar to that stated,
happened in South Dakota on June 9 and 10 in 1972 [32]. Flooding can cause heavy
property damage and may damage agricultural land or other land areas and the cost
of damage. Thus, flooding can impact the whole area for a very long time with a
high cost, as that happened in the case of the Yuba city flooding in 1955, which was
about $200,000,00 at that time, in 1955 [33]. It may have many fatalities leading to
trauma in people’s minds. Damage to dams and check dams can make this impact
catastrophic. The trial lake dam break happened due to a cloud seeding operation on
June 7, 1986 [34]. It also severely hampers other animals and organisms’ human and
natural habitats. Flooding causes the displacement and migration of a vast population.
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5.6 Potential Risk of Draught

The clouds heading to the places where they generally pour their water or snow may
face the drought condition if seeding is done before reaching the place. It changes the
rain pattern and can have a severe effect in the long run if cloud seeding is practised
[4]. The severity may lead to absolute draught or infertile land area, thus soil erosion.
Using cloud seeding only in the flooding-prone cloud before reaching the area may
be one of the solutions [35]. But the cloud pattern is not consistent every year, and
it changes. Draught also forces the area’s population to migrate and destroys the
local natural habitat of the animals and other organisms. It also causes substantial
economic crises and a food shortage in the area. Drought can cause an increase in
the temperature, thus changing the natural pattern of wind and rain.

6 Conclusion

Researchers across the globe have done various studies to improve the nuclei ice
crystallisation so that more precipitates can be collected to form huge clouds with
heavy drops of water, resulting in receiving more mm of rainfall in the areas where
they are performed. Cloud seeding has potentially shown its advantage in various
countries suffering from fewer rains and more drought seasons, resulting in less
agricultural loss and a lack of drinking water. Cloud seeding can be employed on
other special occasions to facilitate the change in weather in the required time to
avoid these challenging weather conditions.

However, there are many advantages of cloud seeding, but the study shows that
the continuous use of these chemicals hurts the atmosphere, land and water bodies.
Over-exhausting cloud-seeding resources in an area can decrease that region’s precip-
itation level, causing no cloud formation and moisture accumulation that could cause
drought for a more extended period, affecting the entire climatic statistics of the area.
Also, the improper planning and application of the cloud seeding processes on clouds
that are not within the safe temperature limits could lead to the formation of hailstorm
clouds resulting in a heavy downpour causing flooding. Also, if the cloud seeding
is carried out at locations which are improper or inaccurate can cause a change in
an extreme weather pattern that could affect the livelihood, agriculture sector and
economy of the location resulting in significant damage to property and life.

Even though there are many adverse effects of cloud seeding, the potential usage of
cloud seeding is very high because of its applicability and merits for the receiving end.
So further research is required to eliminate the toxicological effects of the chemical
in the longer run. It is necessary to use scientific data, including satellite information
and radar data, to apply the cloud seeding at the right time, place and quantity to avoid
overexploitation, thus preventing flooding or drought. Also, studies should be done
to find substitute seeding materials or compounds which are economical, non-toxic
and sustainable to reduce the impact it causes on the atmosphere and nature.
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Review of Study on Various Forest Fire )
Detection Techniques Using IoT L
and Sensor Networks

Akshi Kunwar Singh, Sinan Mohamed Rafeek, P. S. Harikrishnan,
and Irene Wilson

Abstract Forestis one of the essential pillars of the ecosystem. Moreover, it provides
all the essentials required for our very own existence. However, forest fires have been
a significant area of concern over the years. For this purpose, various devices have
been used over the years. Internet of Things (IoT) has been a significant advancement
in early detection and mitigation. IoT, along with various software, enables error-free
data in real time. This paper has highlighted three significant advancements using
IoT, enabling the early detection of a forest fire. Firstly, Convolution Neural Network
(CNN) is used for forest fire detection. Another method utilises a series of sensor
network paradigms to get real-time data for forest fires. The final method utilises
an EP32 board along with sound, rain, DHT11, and PIR sensors for its swift and
systematic reporting of forest fires.

Keywords Forest fire -+ Convolution neural network - MATLAB - Sensors -
Satellite - Neural network - EP32 board - DHT11 - PIR sensor

1 Introduction

Forests mainly maintain the balance of the earth’s ecology. Figure 1 shows the forest
reserves in a million hectares among the top 10 countries. However, forest fires are
significant concerns that damage this very own ecology [1]. The main problem with
forest fires has been the inability to detect them early and may only be identified when
the fires have caused significant damage. The delay also causes a problem in stopping
the fire. It would have caused irreparable damage to both the environment and the
ecosystem when it was stopped. On a long-term basis, this would have significantly
affected our climatic conditions, the pattern of weather, global warming, and even
the extinction of rare indigenous flora and fauna [2].
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Hefty fossil fuel usage and deforestation have decreased the forest’s life, posing
an existential threat to humans and other life forms. Indeed, our mother earth is
diagnosed with a forest fire disease [4]. Researchers identifying this disease have
initiated many afforestation programs; however, this would levy a heft charge upon
them, estimated to be 5 trillion US dollars. Furthermore, discarded cigarettes and
power arc lines are the major causes of this disease, whereas lightning is a natural
cause. Thanks to significant technological advancement, we can identify lighting
strikes early [5]. Many people have cited that this usage of technology involves a lot
of money. However, it is essential to note the other side of the coin: the loss of lives
and property damage. In this paper, we have reviewed three methods of detecting
forest fires. It is important to note that increasing detection time would increase the
time loss for stopping the fire. Figure 1 highlights the percentage of occurrence of
fire in India. 54% of the fire happening in India owes high incidence, which means
the county is more prone to severe fires. So indeed, it is necessary to identify the fire
at its earliest to ensure its extinguishment at the earliest (Fig. 2).

1.1 Bandipur Forest Fire Incident

One of India’s major forest fire outbreaks happened in 2019 at Bandipur National
Park, located in Karnataka, India. The fire began on 21 February 2019, and continued
its havoc until it reached a halt on 25 February 2019. The fire had damaged 4419.54
hectares of land during its reign. The fire was worsened by strong winds, making it
very difficult for firefighters to control it. The Indian air force and the firefighting
department played a significant role in stopping the fire.

It was reported that it had been two years since the fire was seen in Bandipur
National Park. It was indeed disheartening to know that a countless number of reptiles
and other small animals had lost their lives along with thousands of trees; however,
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larger mammals and fast-moving animals had found refuge elsewhere (Bandipur
Blaze Was a Result of Bad Fire Management Policies, Say, Researchers, n.d.).
Furthermore, on analysis, it was found that the sudden change in climatic condi-
tions and the presence of a large amount of dry fauna could have been the reason for
the fire to spread (Fig. 3).

1.2 Internet of Things (IoT)

The Internet of Things (IoT) is a new innovative concept used to observe, control,
and intuitive automation. It involves any physical objects interconnected using a
series of sensors, nodes, and displays for data processing and finally giving the
desired results [8]. By 2020, about 30 billion devices were running over [oT’s concept
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[9]. 10T stands for the various devices connected to the Internet to exchange data.
These devices are provided with sensors and data for the exchange of data. The data
involves information about the environment. The collected data can be processed
either locally or centrally using the network of systems. Many IoT is controlled
using mobile phones or tablets, which remotely turn on the required application.
In the case of forest fire detection, a small device is used to collect data regarding
the rise in temperatures, humidity, and even pressure drops. These data are accessed
anytime from anywhere and obtained in real time. IoT corporations in a forest fire
can detect the fire early and take necessary steps accordingly [10]. With the help of
IoT, Smart refrigerators and Smart TV came into the picture.

2 Literature Review

Patra and Goswami [10] focused on the idea of protecting forest fires by early detec-
tion using the Internet of Things (IoT) and sensors. Because during summer, when
the humidity is significantly less, the chance of causing forest fire is very high.
The methodology used in this paper utilises a Raspberry Pi module, camera, Zigbee
module, and other sensors. The camera takes live pictures and videos of what is
happening in the forest, and the Raspberry Pi module handles the pictures and video
taken by the camera, then analyses it and alerts when anything unusual happens in
the forest. Also, the Raspberry Pi module absorbs other factors like temperature,
humidity, quality of air and, most importantly, the live location of the module for the
precise locations in case anything happens in the forest. The Zigbee module acts as
the hub for these sensors to gather and analyse all the information. So in case anything
unusual happens or the preset values, alert messages are sent to the concerned author-
ities along with videos and photographs. Various research and development activities
are going on for forest monitoring data analysis. In 2021, Patra and Goswami [10]
utilised Internet of Things (IoT) to make the forest digitalised to improve the forest
ecosystem. So the term forest digitalisation defines implementing new and latest tech-
nologies to improve existing methods. So Internet of Things (IoT) plays a massive
role in improving these technologies. Incorporating IoT is to detect forest fires and
illegal logging activities. The methodology is that all the sensors are attached to
the trees in various areas. Then these sensors collect information like temperature,
wind speed, humidity, and the intensity of light, and all the information collected
is then sent to the Central Analysis Node, which analyses the information like the
intensity of the fire, the direction of fire, and speed of the spreading of the fire. This
information is then sent to a central hub located in the forest which is then stored in
the cloud and can be accessed by the concerned authorities to take necessary control
measures to prevent the spreading of the forest fire. Seamless connectivity, real-time
monitoring or sensing equipment, and energy ingathering are the significant areas
recommended in this paper to make the forest digitalised.
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Sharma et al. [11] proposed a multi-model approach based on Internet of Things
(IoT) and deep learning for identifying, propagating, and analysing live fire locations
in agricultural fields and their respective activities. Here, the IoT used is the combi-
nation of sensors like various detectors and deep learning methodologies. Combining
these various sensors or detectors is done with the help of fuzzy logic, thus helping
give live time or precise location of the fire. The deep learning method uses IP cameras
to provide reliable and precise data. The overall system also uses software to detect
the live location of fire for determining the precise locations. Also, the software used
has a wide variety of features like extracting the exact location of the fire, the name of
the fire victims, and automatically sending the information to concerned authorities.

However, one of the most challenging areas in the present situation is the devel-
opment of smart cities. In 2020, Sharma et al. [12] focused on implementing fire
detection using Internet of Things (IoT) and image processing methods to sustain
Smart cities. In contrast, for developing a Smart city surrounded by agricultural areas,
forest areas, and more open vast areas where the probability of fire incidents and a
threat to human life is very high, it is necessary to protect the surrounding environ-
ment from these fire threats. So IoT plays an essential role in detecting the forest using
sensor networks and Unmanned Aerial Vehicle technology. The proposed framework
consists of many wireless sensors, Unmanned Aerial Vehicles, and Cloud computing.
Along with these sensors and devices, images are analysed and refined to detect the
precise location of the fire.

In 2021, Patra and Goswami [10] proposed those essential things for improving
and maintaining the agricultural domain using sensor networks and Internet of
Things. So the paper mainly focused on what the primary equipment and compo-
nents are, new and latest technologies that should be incorporated, issues regarding
the security of the framework, challenges, and finally what the future scope of these
sensor networks and [oT (Internet of Things) are in the field of agricultural activities.
Nowadays, IoT and sensors are utilised in almost every field like Smart cities, forest
fire detection, and healthcare services. With the increase in population, the demand
for food also increases exponentially, so it is necessary to maintain the quality and
quantity without any compromise. The concept of implementing IoT and wireless
networks is emerging faster.

3 Different IoT Methods

3.1 Method 1

This method used an ESP32 board [13] that incorporates Wi-Fi and Bluetooth and
has a more extensive range. It also used different sensors like rain sensors that detect
rainfall and a sound sensor for detecting noise around the place. Another DHT 11
(temperature and humidity sensor) is used, which observes any rise in temperature and
humidity around the forest. A passive infrared sensor (PIR) was also used for motion
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detection in the forest. Another ESP32 Camera module is used for face recognition
and images of the surroundings. A step-down transformer was used as a power supply
for the ESP32 board and buzzer. The buzzer gets activated when the threshold value
is crossed, and an liquid crystal display (LCD) screen is available to get the data
readings. The sensors collect the data and get verified from ESP 32 microcontroller
[5]. The reading is then compared with the threshold reading and is activated when
it exceeds the given value by the surrounding conditions of the atmosphere. It would
then activate and alert the department to approach the surroundings for intimidation
(Fig. 4).

3.2 Method 2

The system consists of interconnected and distributed amongst themselves and with
other servers. Sensors involved are of different kinds that can sense humidity, temper-
ature, and other required factors. IoT devices, user applications, and web interfaces
are the main components that comprise the proposed system’s entire architecture.
Likewise, the device senses real-time data and is processed on time. The main aim is
to inform the emergency services regarding the occurrence of the incident. However,
the information is passed in two ways to improve efficiency: the sensor and the data
transfer. The devices used sense data of the surrounding atmosphere and the magni-
tude of the meteorological constraints, and also gases in the air; the information is
then transmitted using elements of the interface. The visualisation models are graphs,
pictorial representation, and statistical reports.
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Monitoring and controlling pollutant gases can help prevent the forest from fire
accidents. It helps to determine the risk areas of the forest and prevent them by
reducing the risk. For example, first, the temperature increased by 30 °C, and humidity
decreased lesser than 30% in the forest area defined as a danger zone. This condition
is informed through an alert message to the management [14]. The reason is that
meteorological conditions are favourable to fire generation in the forest. Second,
the pressure determines the period of storms/anticyclones that aggravate weather
conditions, such as fire. Then, the excessive amount of CO, and CO concentration
increase in temperature, and less humidity is the evidence of biomass fire [15]. This
way, the sensor devices can determine the risk of fire accidents and generate an alarm
to the nearest nodes and routers. It helps to identify and detect the fire in the forest
and the location of the remote environment.

Fire accidents can be prevented by observing and regulating gaseous pollutants,
which identifies the risky areas of the forest and help to prevent them. Moreover,
when temperature increases by 30 degree Celsius and humidity also gets reduced
by 30%, the area is called a danger zone. This condition would be informed to the
management by alerting them of a chain of events. The message will be conveyed if
the meteorological conditions are favourable for the occurrence of the fire. Secondly,
pressure is another factor that would help aggravate the condition in case of a mishap
like a fire. Incidents like cyclones and storms would help. An increase in the concen-
tration of CO and CO, in the atmosphere would increase and decrease towards
temperature and humidity, which eventually increases the risk of fire. Therefore, the
sensors used would help guide the alarm to the nearest emergency station and help
to act immediately following a fire, so that the forest regulatory authorities and other
concerned authorities can take action immediately before the fire starts to spread at
a faster rate (Fig. 5).

3.3 Method 3

The primary target of the paper is to identify and predict forest fire more swiftly to
reduce the hefty loss that comes up due to it. This method comprises sensors with
a wireless network that would help identify forest fires. The entire system proposed
consisted of many closely connected sensors amongst themselves. These nodes
collect the data like temperature and relative humidity and send this for processing
using the cluster of nodes that collaborate amongst themselves and connect them
using a neural network [16]. It is then used to produce the weather index, which
predicts the climatic conditions to cause a fire. A sink is then utilised to transmit
the message to the higher authority, which concludes using other factors to check
whether there is any other probability of a fire occurring. The module could also
give an emergency like smoke or sudden abnormal temperatures. In this scenario,
the message is quickly sent to the central system. In the past, many neural detections
using satellites were already in place [17]. In this proposed project, the author is the
first to use in-network processing. The complex data network obtained is simplified
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Fig. 5 IoT framework

by calculating the given data at every node. The main advantage is the ability to
conserve energy and overhead communication by using only the tiny amount of data
required for collectively obtaining valuable information for the final decision [18].

4 Conclusion

Nowadays, a lot of research and development is taking place to develop IoT and sensor
networks further, because the application of IoT is limitless and currently used in a
wide variety of fields like smart homes, smart cities, smart grids, agricultural fields,
automobile sector, pharmaceutical field, and for the early detection of forest fires
like what we have discussed in this paper. The framework they are using is almost
similar in every methodology when it comes to IoT. However, the primary challenge
we face while incorporating such a complex system of networks is the difficulty in
quickly identifying an error. Also, it would become challenging to rectify when an
error has happened due to its complexity. Another issue that arises as we use IoT
is security and privacy. Furthermore, as technology advances, further incorporation
of the latest innovations will enable us to get a more simplified system with better
facilities and fewer chances for errors.
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Strategies for Improving Municipal Solid )
Waste Management: A Comparative L
Assessment for Medium-Sized Cities

Ankur Chowdhary, Vibhor Goel, and Hitesh Pandit

Abstract Growing population and urbanization have exacerbated municipal solid
waste management challenges globally. Most municipalities in medium-sized cities
are experiencing performance challenges. Existing methods for collecting, trans-
porting, and disposing of solid waste, in India as well, are in chaos. Rather than
identifying and implementing proactive strategies to eliminate performance gaps in
critical components, governments should focus on providing effective emergency
responses. The objective of this study is to do a comparative analysis of performance
indicators to evaluate the existing solid waste management system. This study looked
at ways to strengthen the existing status of solid waste management in any medium-
sized city in the direction of a cleanliness survey under the Clean India Mission. Effec-
tive responses to successfully implement source segregation of waste, door-to-door
collection, decentralized processing, scientific treatment, benefiting informal/formal
waste pickers, and street sweeping, based on particulars collected, need to be formu-
lated to improve the environment, public health, and aesthetics. On average, only
21.6% of waste is segregated at the household level along with 14% of the opera-
tional capacity of compost plants in India, which is not appreciable; quick responses
should be taken, which can be replicated for any medium-sized city.

Keywords Clean India Mission * Cleanliness survey + Municipal solid waste
management * Performance assessment - Improvement strategies
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1 Introduction

In 2018, cities around the world created 2.01 billion tonnes of municipal solid waste
(MSW), averaging 0.74 kg per person per day [1] (Table 1). World municipal solid
waste generation is anticipated to increase by 70% to 3.4 billion metric tonnes b