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Accomplishing sustainable industrial development implies that business and industry will
need to change creation constructions andités blend. Industrial policy should
contribute to supporting such an adjustment prodéss.objective requires an integrated
approach to sustainable development encourages increased interrelationship among
climate and industrial policies and advances jibb of business and industry for the

accomplishment of sustainable development.

Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.
(https://www.sustain.ucla.edu/whigtsustainability). Sustainable development will
obligate account the objectives of environmental protection, economic development and
social development. kmphasizedhe potential of environmentally sound policies to
increase industrial competitiveness and create employment opportunities. (Brussels 1999)

Sustainability is an important study; becausmfiroves the quality of our lives, protects

our ecosystem and preserves natural resources for future generations. In the corporate
wor |l d, sustainability is associated with
account everything, from manufadng to logistics to customer service. Going green and
sustainable is not only beneficial for the company; it also maximizes the benefits from an
environmental focus in the loftgrm. https://bluglacier.com/whis-sustainability
important). In the view sustainability development the many aspects are there to be
focused the main aspects which can help us in achieving sustainability were discussed in
this report, they areount ably zero liquid discharge, use of renewable resources and Air

pollution control measures.

Need for the studyThe aim of sustainable development is to balance our economic,
environmental and social needs, allowing prosperity for now and future generations.
Sugainable development consists of a ldagn, integrated approach to developing and
achieving a healthy community by jointly addressing economic, environmental, and
social issues, whilst avoiding the over consumption of key natural resources. Sustainable

development encourages us to conserve and enhance our resource base, by gradually

an


https://www.sustain.ucla.edu/what-is-sustainability/
https://bluglacier.com/why-is-sustainability-important/
https://bluglacier.com/why-is-sustainability-important/

Environmental Sustainability of the Industri@€merging Global Technologies and Futuristic
Policies and Practices

changing the ways in which we develop and use technologies. Countries must be allowed
to meet their basic needs of employment, food, energy, water and sanitation. Ifdhis is t
be done in a sustainable manner, then there is a definite need for a sustainable level of
population. Economic growth should be supported and developing nations should be
allowed a growth of equal quality to the developed nations. There are four cdgeativ
sustainable development: They are

9 Social progress and equality

1 Environmental protection

1 Conservation of natural resources

1 Stable economic growth
Everybody has the right to a healthy, clean and safe environment. Everybody has the right
to a healthyclean and safe environmefithis can be achieved by reducing pollution,
poverty, poor housing and unemployment. No one, in this age, or in the future should be
treated unfairly. Global environmental threats, such as climate change and poor air quality
mustbe reduced to protect human and environmental health. The use-dneavable
resources such as fossil fuels should not be stopped overnight, but they must be used
efficiently and the development of alternatives should be encouraged to help phase them
out. (https://www.yourarticlelibrary.com/environment/wkatthe-importanceof-

sustainablalevelopment/9910

The current research on Sustainability developmBetarbonisatiorwill rise across
industry, transportand buildings segmentssupportedby innovativetechnologiesThe
recently published International Energy Agency (IEA) report, Net Zero by 2050,
estimaded the total CO2 emissions in 2020 to be 33.9 Gt, with the power segment
accounting for 13.5 Gt, industry at 8.5 Gt, transport at 7.2 Gt and buildings at 2.9 Gt. To
achieve netzero emissions by 2050, the report based its scenarios on the key pillars of
decarbonisation: energy efficiency, behavioural change, electrification, renewables,
hydrogen and hydrogdmased fuels, bienergy, and carbon capture, utilisation and
storage (CCUS). In the industry segment, CCUS and hydrogen will account for half of

the emission reductions by 2050; however, this will rely on the successful progression of
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innovative technologies, which are still in the early stages of development. In the aviation
sector of the transport segment, the decarbonisation efforts will rely oogeydrased

fuels and biofuels. Decarbonisation for the buildings segment relies on two key
milestones: all new builds will be zeoarbon ready by 2030, and all existing buildings
will be retrofitted to meet standards of z&arbonready building codesCustomer
awarenessand activism are pushingthe environment,social and governance(ESG)
agenda.Our recent research analysing key drivers for sustainability in the European
manufacturing and built environment sectors highlighted that the most important
influencers are not investors or leadership but customers and employees within
organisations. The increasing environmental awareness and influence of milemsials

an important customer group with influential roles in organisadicare shaping this
transfornative change. Millennials and the investment community have driven ESG to
be the most strategic priority for organisatiobsgital sustainabilityis shapingthe
resilienceof waterutilities andreducingcarbonemissionsn sectorssuchaswaterand
resouce recycling: Digital sustainability is driving mucheeded operational efficiency
improvements in key sectors such as water services, waste management, and recycling.
Digital Twins is emerging as one of the fastgiwing market opportunities in the \eat
sector as we witness an increasing number of use cases across a range of assets from
networks to treatment plants. These projects highlight the value of digital twins in
enhancing the resilience of water utilities while offering an attractive return on
investment. By driving operational efficiency, they are also supporting carbon emission
reduction. Digital transformation in waste recycling is also witnessing rapid growth,
driven by the deployment of monitoring and metering solutions as well as advanced
sensors coupled with artificial intelligence (Al) for better sorting and waste segregation.
Cloud-based data platforms for better decision support facilitate a truly circular approach.
Designfor environmentndsupplychainsustainabilitywith anemphasi®onthe Scope3
decarbonisatiostrategy:The decarbonisation strategy for many organisations is rapidly
evolving. In recent years, some have also achieved caraamnal status for Scope 1 and

2 emissions. However, in most cases, more than-tiwaderf carbon emissions are in

Scope 3, covering the supply chain upstream and downstream and involving big
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challenges in complexity and number of stakeholders. This presents an opportunity
focussed on the environment, with life cycle analysis and greatdmgcai material
selection based on sustainability credentials. The expansive nature and coverage of scope
3 will drive the rapid growth of supply chain sustainability software solutions and services
to provide an integrated, entd-end solution coveringpstream sourcing to downstream
recycling. Sustainabilityas a serviceis emergingas a strongbusinessmodel to drive
behaviouralchangeand provide purposedriven outcomesfor customersBehavioural

change is one of the key pillars of decarbonisatiomamy customefocussed sectors,

digital platformbased solutions in the form of Sustainability as a Service business models
provide a much better understanding of customers. They drivesgoss collaboration

and partnerships to deliver tangible, pugdsaven outcomes of products and services

for customers. This will be particularly significant in the busirtedsusiness and
businesdo-government segments, with the customers looking to suppliers for
partnerships and support for their decarbonisatfborts. (https://www.frost.com/frost
perspectives/top-trendsfor-environmerisustainabilityin-2021). AUsIi ng
collaborative hackathongo coproduce knowledge on local climate adaptation
governanceo: This paper talks about, whi |l e
popularity in social sciences, and especially climate change research, still its need a better
understand how to coprodeicclimate knowledge. In this paper, it explores how
collaborative climate hackathons coproduce local adaptation knowledge, and what this
method reveals about local climate governance. The collaborative group work revolved
around the challenges and solutiasf local adaptation planning and uncovered how a
diversity of key actors understands the local adaptation work in Norway. These
interventions revealed that there are significant disagreements and divergent
understanding of relevant laws, regulations aesponsibility between practitioners

working within the same governance system. (Kvamsas et al., 2020)

The following Venn diagram shows that the aspects that have been included in sustainable

development
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Figure 1: Schematic Venn diagram of Sustaiability development

(http://emeraldbe.com/sustainatalevelopmentmportant)

As we all aware, the growing population leads to increase in the demand for Natural
resources, the present developmental activities are not only consuming the natural
resources, they are actually polluting the present natural resources, if this comtues t
future generations may experience the scarcity of resources even the renewable resources
are abundant, pollution may cause renewable resource a unusable. In concern of making
industries to replace the noenewable energy sources with renewable enargicss, it

is necessary to focus on the pollutions of existing industries, hence to know the current
pollution load to provide mitigation measures, to create awareness about the renewable
energy sources to make use of it and to achieve ZLD within thetiredyshese kind of

studies are usefulDther countries measures w.r.t Industrial sustainability: The Lima
Decl aration, adopted by UNIDOb6s Member Stat
for a new vision of inclusive and sustainable industrial devedopn{ISID) and
highlighted the role of industrialization as a driver for developmberusive and

sustainable industrial developmé&l&ID) is the primary source of income generation,

allows for rapid and sustained increases in living standards for all people, and provides
the technological solutions to environmentally sound industrialization. Technological
progress is the foundation of efforts tchave environmental objectives, such as
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increased resource and enegfficiency. Without technology and innovation,
industrialization will not happen, and without industrialization, development will not
happen.

"Inclusive"in this context means thatdustrial development must include all countries
and all peoples, as well as the private sector, civil society organizations, multinational
development institutions, and all parts of the UN system, and offer equal opportunities
and an equitable distribot of the benefits of industrialization to all stakeholders. The
term fAsustainabled addresses the need
industrial activities from excessive natural resource use and negative environmental
impacts.ISID therefore inplies that no one is left behind and all parts of society benefit
from industrial progress, which also provides the means for tackling critical social and
humanitarian needs.

Over the past few years, the international community has made a quantum leap in
advancing new approaches to accelerate progress and pave the way for a more ambitious,
inclusive and universal development framework beyond 2015. While industrialization
was not factored into the Millennium Development Goals framework, inclusive and
sustaimble industrialization now features strongly in the 2030 Agenda for Sustainable

Development.

ISID enhances and reinforces economic growth and diversification in a socially inclusive

and environmentally sound manner, guided by four overarching principles:

1. No oneis left behind in benefiting from industrial growth, and prosperity is shared
among all parts of society in all countries as industry creates the wealth needed to

address critical social and humanitarian needs.

2. Every country is able to achieve a Iy level of industrialization in their
economies, and benefits from the globalization of markets for industrial goods

and services.

3. Broader economic and social progress is supported within an environmentally

sustainable framework.

t
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4. The unique knowledge angksources of all relevant development actors are
combined to maximize the development impact of ISID.

(https://www.unido.org/inclusivandsustainablendustriatdevelgpmen)
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Objectives
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The objectives of the study are

U To understand the concept of environmental sustainability to know the

various technologies associated with Industries to support sustainability.

u To analyze the uses of renewable energy sources in industries.

u To understand the national and international gsliassociated with the
concept of environmental sustainability.

U To understand the concept of green building and its significance.

u To assess the implementation of the environmental and energy management
policies in the industries.

u To understand the globauent scenario of industries with respect to
sustainability.

U To assess the conceptaaincept to running economy by adopting 7Rs.

U To understand the segregation of wastes and its management to support
sustainability.

U To understand the statistical datavafious waste management activities.

u To understand the result of failure of implementation of the concept of
sustainability in industries.

u To understand the concept of waste water treatment and air pollution
control measures in industries.

u To know the inportance of focusing on cost effective and highly
ecofriendlymeasures.

u To assess the emerging opportunities in environmental industrial
sustainability.

U To understand the benefits of continuous monitoring and reviewing of the

sustainability reports.

11
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Naterials! & Methaods
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The study was carried out by reviewing various articles published by different authors

from various countries. The study searched for variasigects of Environmental
Sustainability. During the study, various professional experts from Environmental Health

and Safety (EHS) departments of different industries suggestions were taken and adopted

in the thesis. The study also focused on various Mbdi@pany websites for knowing the

technologies and policies adopted in their organization to support sustainability. The

Il ndi ads government authorityds websites are
regulation in the thesis. Various statistical data ar e presented i n t
representation to show the current global scenarios and recent trends. The study focused

on the emerging technologies adopted in the industry tesssthin in terms of

sustainability. The contents are categories intwuarsections as follows:

13
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Environmental Sustainability of the Industries

x Waste Management

x Use of Renewable ésources

x Zero Liquid Discharge

X Rain Water Harvesting

x Green Belt Development

x Air Pollution Control Measures

X Environmental Monitoring

x Utilization of Eco friendly Technologies

x Setting up ofEnvironmental Sustainability Targets

x Adoption ofEnvironmental Policies

14
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Resultt& Discussion
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Waste Management
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Solid Waste Management in Industries

Solid waste is any unwanted or discarded material that is not a liquid or a gas. It can

include organic waste, paper, metals, glass, yard waste and wood. The varieties of
products manufacture and usage by people, resulting give rise to produce thousands of
tons of solid wastes. The volume of waste is projected to increase frata Bdlion

tonnes at present to 125 Million tons by 203idww.cpcb.nic.in.

Glass
4.6%

Fig 1: Classification of Solid Waste in Industries (Source: U.S. Environmental
Protection Agency, 2011)

Segregation and Recycling of Solid Waste

Segregation is one of the industrial waste disposal methods that is vital to our environment

for two reasons: ités safer f oilensuredhatat mos p h ¢
waste is processed and disposed of correctly. Proper waste separation means that
recyclable materials are reused in the manufacturing of new goods.

Much of the waste that i's generated by yol
packaging eeds is not reusable or compostable, but it is recyclable. The first step in your

industrial waste management program is to identify which items can be recycled, and set

up recycling bins or dumpsters into which they can be sorted. Most recycling canmters c

handle glass, paper, and plastic recycling. Many can also handle scrap metal recycling,

17
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cardboard recycling, food waste recycling, and electronics recycling. (Abd Ra&hadan
2018).

1 Organic Waste: Organic waste placed in a plastic container, wastisigosed of
in the green bin, and the excess waste is disposed of in the residual waste bin.

1 Plastics:Hard plastic may usually be recycled, they can be melted and moulded into
new products. Some super market offer to recycle soft plastic such as grocery bags,
cling bubble rap.

1 Packaging Waste: Purchasing in bulk will help you save money on packing and
shipping. If you can avoid it, aim to buy goods with less packaging. To stop having
to use singlaise plastic bags, remember to bring reusable bags with you.

1 Aluminum and SteelWhen recycling steel cans, i tos
can and then s@sh the top of the can before placing it in your recycling bin.

1 Electronic Waste: Many pieces of -@vaste will and should be recycled, allowing
the energy to be reused:viaste also contains a number of toxic elements, such as
mercury, which if not propeyldisposed of may be released into the atmosphere. E
waste cannot be recycled in a regular garbage can, but it can be recycled or properly
disposed of using other facilities.

{1 Bathroom, Toilet and Laundry: Chemicals will accumulate quickly in the shower,
toilet and laundry. This technically counts as hazardous waste, unless it is rinsed and
properly cleaned, will usually not be of value to recycling plants. You can counteract
this by limiting the chemicals and waste you flush into the toilet and sink.

1 Kitchen and Food:When routting food is thrown away into the landfill without the
proper care of sorting, it produces methane, a gas that is particularly harmful to the
atmosphere. By taking the time to plan your trips to the grocery store, you can
prevent unneessary waste of food.

Composting

The composting process turns organic waste into fertilizer #rabe used nourish
plants. Mostfood waste can be composted, and even unsafe organic items can be
turned into safeomposting. We can compost food waste, leaves, newspaper, very
small pieces of cardboarshwdust. Compost is then added to soil to provide nutrients
and encourage growth. Compostiisgone of the most effectiugays to reuse and
recycle wast¢Sharma Monat Al.,2017).

18
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Landfill:

Landfills are one of the most common ways to disposed of wakteonly waste that
should besent to landfills is that which is ndrazardous, nerecyclable and nen
compostable. Whewaste is send to landfill, it is confined & small area, copacted

when necessary, and thbaried in the earth. As the waste decomposed releases gases
that can be converted natural gases used for power and fuel. Landfills are cost efficient
and are designed to minimize the harm done to the @ment. (Jaspal Singtt al.,

2017)

As per theSolid Waste Management Rules, 201@ndia) the rules are now applicable
beyond municipal areas and extend to urban agglomerations, census towns, notified
industrial townships etc. The source segregation oftevéass been mandated to
channelize the waste to wealth by recovery, reuse and recycle.

Responsibilities of Generators have been introduced to segregate waste into three
streams, Wet (Biodegradable), Dry (Plastic, paper, metal, wood, etc.) and domestic
hazardous wastes (napkins, empty containers of cleaning agents, mosquito repellents,
etc.) and handover segregated wastes to authorizgulalegys or waste collectors or local
bodies. All such manufacturers, brand owners or marketing companies should educate
the masses for wrapping and disposal of products. All industrial units using fuel and
located within 100km from a solid waste based Refuse Derived Fuel (RDF) plant shall
make arrangements within six months from the date of notification of these rules to
replace at least 5% of their fuel requirement by RDF so produced.

Problems of unscientific solid wastalisposal leads to only about-88% of the solid
waste gets collected and out of this only28®% is processed and treated and remaining
is disposed of idiscriminately at dump yards. It is projected that by the year 2031 the
solid waste generation shall increase to 165 million tons of waste by 2031, the
requirement of setting up of land fill for 20years of 10 meters height will require 66,000
hectares ofdnd. (Patel and Ahluwaliet al.2018)

1 Improperly disposing of waste prevents resource from being reused. This is
particularly true of plastics, metals and paper. This loss of resources means a heavier
reliance on virgin materials, which often require menergy to make new products
than required by reusing existing resources.

1 Improper disposed of waste releases greenhouse gases into the atmosphere.

1 Some waste contains chemicals that can be released into the environment if not
disposed of properly. Thesecludes electronics, plastics, batteries, certain types of
pressure treated wood and paint.

19
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Proper solid waste managemenincludes scientific disposal of solid waste through
segregation, collection and treatment and disposal in an environmentally sanondrm
minimizes the adverse impact on the environment.

As per information available for 20413, complied by Central Pollution Control Board,
municipal authorities have so far only set up 553 compost & veompost plants, 56
bio-methanation plants, 220FF plants and 13 waste to Energy plants in the country
(www.vikaspedia.in

The nature and components of waste generated by households and industries, the waste
reduction, reuserecycling and composting processes would beremsuitable in
managing thehallenge. These management options should be integrated in a sustainable
framework.

Hazardous Waste Management in Industries

Hazardous waste is defined broadly under the rul@sctode any waste that, by virtue
of its characteristics, fAcauses danger or

whet her alone or when in contact with other

bearing sludge, Datexpired, discardedand oftspecification drugs/medicines.
(https://www.cpcb.nic.in)

Characteristic of Hazardous Waste

According to the EPA, if a substance shows one or many of the following characteristics
upon seHlreaction or reaction with other compounds, it may besiflad as a hazardous
substance. These characteristic features are defined as follows:

1. Ignitability : Any waste product that can create fire under certain conditions, has

S

a flash point of |l ess than 60AC and shows

canbe called an ignitable product.

2. Corrosively: All the acids or bases and /or any waste product that are capable of
causing corrosion in metal containers.

3. Reactivity: If any material is unstable under normal conditions, it can be
considered a reactiveahardous waste. These products may cause explosions,
under violent reactions, generate toxic fumes, gases or vapors or explosive
mixtures when heated, compressed or mixed with water.

4. Toxicity: A waste product is referred to as toxic when its proven twabaful or
fatal upon ingestion or adsorbed. (Saurabh Shukla et al.,2020)

20
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Table 1: List of hazardous waste generating processes

Industry

Hazardous Waste

Petrochemical processes and pyroly

operations

Furnace/reactor residue and debris, Tarry residues,
sludge emulsion, Residues from alkali wash fuels,
bottoms from distillation process, Spent catalyst
molecular sieves, Slope oil from wastewater.

Drilling operation for oil
Prodution

and ga

Drill cuttings containing oil, Sludge containing o
Drilling mud and other drilling wastes.

Aluminum Smelter

S| ud fremb aff-gas treatment, Fuel gas and ot
particulates, waste from the treatment of salt slags
black drosses.

Pulp and paper

Spent chemicals, corrosive wastes arising from us
strong acid and bases

Sugar

Sugar processing wastewater with a high content
organic material and high biological oxygen demand.

Thermal power plant

Oil and grease copper, iron, cooling tower low dg
(chlorine, zinc, chromium, phosphate, corrosion inhibit
materials, ash pond effluent, suspended solids.

Zinc Smelter Sludge and filter press cake arising out of productio
zinc sulphate and ogn zinc compounds ,zinc fines /du
/ash/skimming, fuel gas and other particulates

Fertilizer Spent catalyst, spent carbon, sludge /residue conta

arsenic, chromium sludge from water cooling tower

Dyes and Dye Intermediates

Process waste sludge /residues containing acid or
toxic metal or organic complexes, dust from air filtrat
system

Source: (Anita S. Ahuja and Sachin D. Abda, 2015)
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Table 2: Method of Handling Hazardous Waste

Waste Hazardous Method of handling
Category | waste
51 Used Oil Collected in leak proof containers and disposed |
to Pollution Control Board registered authority
5.2 Oil soaked cottor| Stored in a secured manner and hand ove
waste Pollution Control Board authorized incinerator
28.1 Process residug Stored in a secured manner and hand ove
&Waste Pollution Control Board authorized incinerator /i
processing in cement kiln
20.3 Distillation Stored in a secured manner and hand ove
Residue Pollution Control Board authorized incinerator
28.2 Spent solvent Stored in a secured manner and hand ove
Pollution Control Board authorized recycler
33.1 Discarded Stored in a secured manner and hand ove
containers Pollution Control Board authorized recycler af
wash/decontamination only
35.3 Sludge from ETH Stored in a secured manner and hand ove
& MEE salts Pollution Control Board authorized TSDF

Source: (Environmental clearance from SEAC, karnataka. EIA/EMP Report)
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Issues of concern:

After knowing the various types of hazardous waste we need to know the effect of such
hazardous waste on human and environment. As all the waste is needed to be disposed
the 8same goes with the hazardous waste. But here if this waste is not disposed properly
it can cause harm to the environment as land, water and air pollution causing effects on
agricultural water supplies ultimately those chemicals leads to serifactsethat are

shown in the below table.

Table 3: Hazardous waste and their effect on health

Substance Potential Health Effects

Arsenic Carcinogenic to humans (skin, lung, bladder, liver)
Stomach and intestinal irritation, nausea, vomiting

Benzene Carcinogenic to humans, harmful to bone marr
decreased red blood cells, anemia ,unconsciousness

Cadmium Likely to be carcinogenic to humaiiskidney ,bone, an(
lung damage

Chloroform Likely to be carcinogenic to humahndiver and kidney

Lead Damage to the brain and nervous system, miscarr
premature births, increased blood pressure

Mercury Brain, kidney and lung damageserious harm to neur

development of fetuses and young children

Trichloroethylene

Carcinogenic to humans, skin stes, lung irritation
headaches, dizziness, unconsciousness

Source: (M. D. LaGrega et al.,2010)
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m 2016 estimate ~ 2030 projected m 2050 projected

S ——— L
India 3878
(O v B iR 543.3

[ 263.7
US 311
I, 3599

I 220.4
China 295

AR 335.8

B 79.1
Brazil 96.7
N 114.3

I 65.2
Indonesia 879
P 1186

Fig 2. Top- 5 Countries that produces the most Hazardous Waste (In million tons)
Source: (timesofindia.indiatimes.com)

As per the Hazardous Wastes (Management and Handling) Rules, 1989, as amended to
date, were notified in the country under the provisions of the Environment (protection)
Act, 1986, for management and handling, and import of hazardous waste into thg.countr
These rules were amended in 2000 and 2003 to bring the Rules in line with the
requirements of the Basel Convention and also to improve the applicability and
implementation aspects with regard to imports of hazardous waste. Apart from Ministry
of Envirooment and Forests (MoEF), Central Pollution Control Board (CPCB), State
Pollution Control Boards (SPCB)/Pollution Control Committees (pccs) have been

delegated certain power for control and regulation of hazardous waste.
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Basel Convention

BaselConventon deals with the tranboundary movement and disposal of hazardous
wastes as well as other chemical wastes by regulating and controlling the movement of
scheduled hazardous wastes from OECD countries to-R8QD countries. India is a

party to the Basel Gwention ontrans boundarynovement of hazardous wastes. The
basic objectives of the Basel CO are for the control and reductitmaref boundary
movements of hazardous and other wastes subject to the Convention, prevention and
minimization of their geneten, environmentally sound management of such wastes and
for active promotion of the transfer and use of cleaner technologies.

World Initiatives

Af ter t he Bhopal Gas Tragedy in 1984, USA e
Community Rightto Know Act, 48 6 6, whi ch may considered as
regarding 6Community Right to Knowbo. I ndust
plans with discussion and due representation of the local community. (Shantanu K Dutta,

et al.,2006).

Technologies for Hazardous Waste Management

The treatment of hazardous waste can be broadly classified into physical, chemical and
biological methods of treatment followed by disposal of waste and residues. (U Sridharan
et al.,2006).

Incineration

Incineration iste processf destruction of all high calorific and highly toxic wastes
by burning the waste at hi gh temperature. I
down into basic notoxic components) all kinds of organic matter in the waste.
Incineration servethe dual purpose of reduction of both the toxicity and the volume of
the waste, which is an important consideration when the disposal of wastes is finally
destined for landfills.

Use of hazardous waste as fuel

There are 250 cement works located in the European Union, which, altogether are using
around 3 million tons of hazardous waste as alternate fuels. This is over 10 percent of the
fuels used and the figure is rising steadily across the European Union wnitinie® such

as Germany leading the way.

There are a large number of hazardous wastes generating units located in the Country.
11,138 units have been given authorization by SPCBs under Hazardous Waste
(Management and Handling) Rules, 2003, mostly for taamy storage of hazardous
waste within the plant premises. In India, about 4.43 million tons of hazardous waste are
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generated annually, out of which 71.833 tons are incinerable (as per the reports of SPCBs
submitted to the Hond6ble Supreme Court).

Hazardous wastes landfill

OHazardous wastes |l andfillé refers to a w
constructed with the objective of minimum impact to the environment. The hazardous
waste landfill site is designed scientifically to have an mvipes stratum at bottom to
stop leachates percolation, and thus to avoid soil and water pollution in the vicinity of the
landfill site. Reduction and minimization of hazardous waste is absolute requirement in
todaydés worl d. nolii 2D18) A . Rubinos and G. Sj

Advantages of maintaining hazardous waste

1 Protect Habitats: Incorrect disposal of hazardous waste, such as solvents and
heavy metals, can cause toxic substances to seep into the soil and contaminate the
water supplies antlabitats of manyeaby fauna. Once these substances have
been absorbed into the earth, they are very difficult to clean up and can have a
substantial detrimental effect on the local ecosystem. Choosing to recycle your
waste reduces this risk and help keeps the balartbe ddcal wildlife intact.

1 Reduces Consumption of RawMaterials: Recycling means that fewer raw
materials will be needed for production, when it comes to hazardous waste that is
especially beneficial as it means less hazardous produce will be creaisd fior
the next generation of products, maintaining a steady level, or lowering the
amount of hazardous waste, in the environment.

1 Burn Fewer Fossil Fuels Fossil fuels are a limited resource and preserving them
is of utmost importance.

1 Reduce Emissions By reducing the amount of fossil fuels burned in the creation
of hazardous products, the amount of harmful emissions, such as carbon dioxide,
that are released into the atmosphere are reduced.

It is difficult to develop alternative technolodyr total elimination of hazardous
wastes generation. In developing countries, the thrust on economic development is often
given priority to production costs than the best available technology and this results in
more wastes generation. The cost of trestivand disposal of such wastes becomes a
liability on the society. Regional Hazardous waste facility shall be more economical,
profitable and will serve the requirement of a region, thus, eliminating the scope of
scattered impact of many such facilitidssmaller scale.
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Use of Renewable ésources
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An ever growing population means an ever growing requirement for energy. Nowadays,
enormity of energy cannot be denied. It is essential in every walk of life. Energy sources
can be broadlglassified as renewable and Aa@mewable. Knowing the dreadful fact that
nontrenewable sources will eventually deplete, the importance of renewable sources
cannot be underestimated. The most important aspect while utilizing them is their impact
on the emironment. This paper briefly presents the importance of renewable sources of
energy owing to the backdrop of fossil fuel dilemma. Major emphasis is placed on the
use of alternative energy technologies. Some applications of renewable sources and
future ofenergy is also discussed.

Renewable energy sourcedkenewable energy is the energy which is derived from a
limitless source.

Proper utilization of energy resources is a hot debate going these days. It is very essential
to choose which source of energy mhe used and why. Majority of factors such as
cleanliness, cost, stability, efficiency and environmental effects must be taken into
account. It is a bitter fact that many industries around the world are still dependent on
fossil fuels for electricity gemation. No doubt, these fuels are very effective as far as
power production quality is concerned, but in the long run they are not advantageous.
Fossil fuels will deplete one day and the industries must turn to renewable sources as soon
as possible. Morea@y, these fossil fuels pose a huge threat to environmental balance and
are a cause of many ecological hazards.

The most significant feature of renewable energy is its plentiful supply. It is infinite.
Renewable energy sources are hygienic sources of yetleat) have a much lesser
negative environmental impact than conventional fossil energy technologies. Most
renewable energy investments are spent on materials and personnel to build and maintain
the facilities, rather than on costly energy imports. Witthmelogical advancements in

mass communication, people have now become aware of the demerits of burning fossil
fuels. Renewable energy is the need of the hour. Its clean and sustainable nature has
compelled the human beings to think seriously about ierflisis and Engineers, around

the world, are continuously working and researching in this domain. They are finding
new ways to use these sources of energy effectively. Global warming is a huge hazard
which is being caused by burning of coal, oil and nawaa. It is very harmful for the

planet and the living beings on it. Moreover, fossil fuels are a cause of many unfortunate
mishaps in the past as described before. To put an end to this apocalypse; we must resort
to renewable sources. This is becaussy thre cleaner and do not produce poisonous
harmful gases. Moreover, fossil fuels are finite. They will certainly end one day.
Therefore, before the crucial stage comes up, experts of energy sectors must maintain a
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positive attitude in this regard and shbtry their level best to replace fossils fuels with
renewable energy sources as the main sources of generating elecBiatyzg¢d 2017)

Renewable energy availability changes how we operate modern mines, fuel cars, and
supply neatby communities with éating and cooling. Renewable energy is an affordable
choice for miners, who use it to crush, dig, and process minerals. Renewables (or green
energy) are generated from sources that replenish over time.

The most common uses of renewable energy in thesindinvolve:

Wind energy

Solar energy

Biodiesel energy

Geothermal energy

Hydropower energy

Hydrogen anduel cell energy

Geothermal poer energy

Tidal energy 4 Ways the Mining Industry Uses Renewable Energy | Anglo
Americar)

= =4 4 4 4 4 -5 4

Sources of renewable energy:

The sources could sustain for a longer period of time and can easily be renewed often.
Sustainable sources aretrass, nuclear power, geothermal, wind energy, solar power,
tidal power, and wave power. The sources of renewable energy are known to be less
polluting and therefore the whole world is looking forward to new carbon emission
norms, where carbon will playraajor role in developing new factories and industries.
They will be rated according to the carbon emission and the products that they are
producing will be rated accordingly.

Integration of solar energy into industrial systems

A typical industrial energy system is composed of 4main parts; power supply, production
plant, energy recovery and cooling systems. Figure no. 1 shows a block diagram of a
typical industrial energy system.

29


https://www.angloamerican.com/futuresmart/stories/our-industry/technology/how-hydrogen-fuel-cells-work
https://www.angloamerican.com/futuresmart/stories/our-world/environment/mining-with-renewable-energy#:~:text=Renewable%20energy%20is%20an%20affordable%20choice%20for%20miners%2C,Geothermal%20energy%3B%20Hydropower%3B%20Hydrogen%20and%20fuel%20cell%20energy
https://www.angloamerican.com/futuresmart/stories/our-world/environment/mining-with-renewable-energy#:~:text=Renewable%20energy%20is%20an%20affordable%20choice%20for%20miners%2C,Geothermal%20energy%3B%20Hydropower%3B%20Hydrogen%20and%20fuel%20cell%20energy

Environmental Sustainability of the Industri@€merging Global Technologies and Futuristic
Policies and Practices

Electricity

steam

Pressured

air Hot
Electricity Power water Cooling
Gas supply system
0il T 1
Biomass I SR

Fig 3: Block diagram of a typical industrial energy system. (Mekhilefaet al.,2011).

The power supply provides the energy needed for the system to operate mainly from
electrical energy, heat, gas, steam or coal. Production plant is the part of the system that
executes proceedings of prodocti Energy is utilized in this part for running subsystems,
pressure/vacuum/temperature solenoids, valves and switches. (Me&haé&{2011).

Types of Renewable energy

1. Solar Energy: The radiant light and heat energy from the sun is harnessed with the
use of solar collectors. These solar collectors are of various types such as photo
voltaic, concentrator photeoltaic, solar heating, (CSP) concentrated solar power,
artificial photosymhesis, and solar architecture. This collected solar energy is then
used to provide light, heat, and different other forms of electri€tig. below figure
shows that the solganel setup in an empty spg&eoctor and Morse 1977).

\: N N I »

Fig 4 . Solar panels setup golar energy utilization in industries - Bing
images
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Solar energy systems can either be applied as the power supply sector or directly to a
processTable 4has tabulated the solar energy applications and the technologies adopted
in industrial processes.

Table 4: Solar energy applications, system technologeand type of systems
commonly used in industry (Soteris 2004.)

Solar energy application Solar system technology Type of system
SWH Thermo syphon systems Passive
Integrated collector storage Passive
Direct circulation Active
Indirect water heating systems Active
Air systems Active

Space heating and | Space heating and service hot wate Active

cooling Air systems Active
Water systems Active

Heat pump systems Active

Absorption systems Active
Adsorption(desiccant) cooling Active

Mechanical systems Active

Solar refrigeration Adsorption units Active
Absorption units Active

Industrial heat Industrial air and water systems Acti Active
demand process Steam generation systems Active
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Solardesalination Solar stills Passive
Multistage flash (MSF) Active
Multiple effect boiling (MEB) Active
Vapor compression (VC) Active
Solar thermal Parabolic trough collector systems Active
power systems Parabolic tower systems Active
Parabolic dish systems Active
Solar furnaces Active
Solar chemistry systems Active

It can be stated that solar thermal is the conversion of solar irradiation into heat. Among
renewable energy systems, solar thermal is considered as thecom@mical alternative.
Typically, the systems use solar collectors and concentrators to gather solar radiation,
store it and use for heating air or water in domestic, commercial or industrial plants.
Figure no. 3 presents a schematic diagram of solaliatran conversion to mechanical
energy. (Goyal and Tiwari 1999)

Energy from
the Sun

Consumer

Electrical Transmission System
e }fiﬂ\ _—>¢ .
Solar Arrays DC/AC V . \\\\X\\\\\\\\\\\ 5

Inverter Box & _ — '=l| !E'J !-.. j A

Fig 5: Solar power generation mechanismgrocess of Solar Energy generation
Systems- Bing image9
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However, it has to be noted for some applications that solar energy is not available
continuously for 24 h In such cases, addition supplementary measures should be
provided to accumulate solar irradiation during sunny days, store it in an embedded phase
transition and release it in a controlled manner in severe conditions. To increase the
efficiency of solathermal systems, solar collectors are applied to heat the air or water as
the medium of heat transfer.

However, each collector is dedicated for a specific application. For examplelatiat

collectors are properly designed to be used in low temperatppécations, the

concentrating and sttmacking parabolic trough collectors (PTC) are suitable for high
temperature applications in which the systel
with high efficiency, two axes tracking collectors are appliedoower generation,

stationary (noftracking) and one axis PTCs are mainly used in industrial heat processes.

Among the collectors, movable collectors require higher maintenance cost compared to
other collectors. A concentration ration, defined as thetagearea divided by the
receiver/absorber area of the collector of each type is presented as well. Cost of the energy
generated by solar thermal systems varies from 0.015 to 0.028 C£/kWh depending on
initial investment and the type of solar collectoredud_arge scale solar thermal systems

with large collector fields are more economical. They need less initial investment
compared to several small plants; however, the collector cost is higher. (Kalogirou 2003).

2. Wind Energy: The energy we get from winds known as wind energy. For this,
windmills have been used for hundreds of years to pump out water from the ground.
We use large tall wind turbines that allow winds to generate electricity. The natural
airflow on the surface of the earth is used to runwiimel turbines. The moderday
wind turbines range from about 600 Kilowatt to 5 Megawatts, for commercial
purposes these are rated with an output power of 1.5 to 3 Megawatts. The most
preferred locations for these wind turbines to be installed are thewangzs and
strong and have constant airflows on offshore and sites that are at high altitudes. The
power generated from wind energy in 2015 met 4% of global energy consumption.
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Fig 6: Windmill Setup (windmills in industries - Bing image9

Innovative uses of wind energy

Our nature is a source of energy in mamyns. Wind is one such energy, which is in

abundance and is totally environment friendly. It is also one of the most preferred sources

of clean energy. Wind energy has been used by man since time immemorial and is still

being used in various formgou must have seen windmills with their propellers rotating

in the wind that is used to convert wind energy into electricity. Many ways of tapping

wind energy are known to most of wus but t hetl
of 5 Innovative uses of wd energy.§ Innovative uses of winenergy and the countries

using them Green Diary- A comprehensive guide to sustainable hacks, green tips, and

eco suggestions

U Power generating windmills or wind turbines

Wind turbines are one such power generating machines that use wind energpasche

of energy to generate power. Many such turbines are being used worldwide on a large
scale and even individual smaller turbines are used. The principle is to tap the ever
flowing energy of the wind to rotate the propellers that rotates the turlmirgenerate
electricity. This electricity is then stored in the batteries and/or used to run electric
devices. These days wind turbines are being used to provide green power to various
industries and residential complex€&een power is also an economical opfion
people on a budget.
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U Wind powered vehicles

Wind powered vehicleare agreat option for people who want to go green. In Australia,

it was recently proved that we can use wind power to run our vehicles. Recently a car was
made to run 3100 miles in Australia with the help of kites harnessing the power of wind.
When in motion tk cars batteries were charged and then this stored power was used to
run the car when there was no wind. Nevertheless, it was proved that a car could be run
solely on just wind energy. The total cost of running the car to 3100 mile came out to be
$ 1 5 ,reallygrées and economical and one of the most Innovative uses of wind energy.

0 Wind powered sea ships

One of the most ancient uses of wind power as seen in history is the use of wind energy
to power the motion adailing ships in the se# is one of the most abundant sources of
energy. This green source of energy once used to power small boats and ships to sail is
now recently been used to power a cargo ship too. wassdone by attaching a huge

kite. By doing so this dramatically reduced the consumption of fuel and reduced carbon
dioxide emission, thus conserving the nature.

U Innovative uses of wind energy in sports

Hundreds of sports have used the power of wind &rgere our passion for sports.
Adventure lies in speed and many sports use wind energy to enhance the thrill. This helps
to provide a thrill and speed up these sports. Everything from simple kite flying to sailing

in the river/sea, kite surfing, pasailing, windskiing and many more are being powered

by the energy of wind. Hot air balloon sports also use the power of wind energy to move
from one place to another. Being a natural source of energy that is 100% green and leaves
no harmful residue the powefrwind is a great way to energize the sports.

U Wind powered water pumps

In many countries and communities, people use the power of wind energy to pump water
out of the ground. The process is simple and uses wind turbines. The only difference is
that this tme the mill does not rotate the turbine. However, you can use it to move the
water pump, in turn forcing the water to pump out of the ground. The use of wind energy
to pump water is a great way to help a village or community. This is helpful especially in
the case where there is a need of continuous supply of water. This helps to provide water
for daily needs as well as for irrigation purposes for farming.
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Fig 7: Windmill M echanism findmills in industries - Bing images

The majority of wind turbines consist of three blades mounted to a toade from
tubular steel. There are less common varieties with two blades, or with concrete or steel
lattice towers. At 100 feet or more above the ground, the tower allows the turbine to take
advantage of faster wind speeds found at higher altitudes. €arlomich the wind's
energy with their propelldike blades, whictact much like an airplane wing. When the
wind blows, a pocket of loypressure air forms on one side of the blade. Thepl@ssure

air pocket then pulls the blade toward it, causing thar totturn. This is called lift. The

force of the lift is much stronger than the wind's force against the front side of the blade,
which is called drag. The combination of lift and drag causes the rotor to spin like a
propeller. A series of gears increde rotation of the rotor from about 18 revolutions a
minute to roughly 1,800 revolutions per mindtea s peed t hat all ows
generator to produce AC electricity

3. Hydroelectricity: According to statisticdyydroelectricitygenerated around 16.6%

of the global energy resources and constituted about 70% of all the renewable
electricity. This energy is another alternative source of energy that is generated by the
congruction of dams and reservoirs on the flowing water, the kinetic energy from the
flowing water is used to run the turbines which generate electricity. Tidal power
converts the energy of tides and Wave power which captures the energy from the
surface of tk ocean waves for power generation. These two forms of hydropower
also have huge potential in electric power generation

4. Geothermal Energy: It is the energy that is generated from the thermal energy which
is stored in the earth. The heat energy is captomesburces such as hot springs and
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volcanoes and this heat is directly used by industries for heating the water and other
purposes.

5. Bio-energy: This type of energy is derived from the biomass which is a type of
biological material derived from living orgems and plantierived materials which
are called lingo cellulosic biomass. Biomass can be directly used via combustion to
produce heat and indirectly it can be used to convert to biofuels. Biomass can be
converted to other usable forms of energy suchiassportation fuels like ethanol,
biodiesel, and methane gas. (Allakhverdé¢wal.,2009)

It is increasing clear that biofuels can be a viable source of renewable energy in contrast
to the finite nature, geopolitical instability, and deleterious glodakcef of fossil fuel
energy. Collectively, biofuels include any eneggyiched chemicals generated directly
through the biological processes or derived from the chemical conversion from biomass
of prior living organisms. Predominantly, biofuels are preguérom photosynthetic
organisms such as photosynthetic bacteria, mianal macrealgae and vascular land
plants. The primary products of biofuel may be in a gas, liquid, or solid form. These
products can be further converted by biochemical, physical, thednochemical
methods. Biofuels can be classified into two categories: primary and secondary biofuels.
The primary biofuels are directly produced from burning woody or cellulosic plant
material and dry animal waste. The secondary biofuels can be eldssifo three
generations that are each indirectly generated from plant and animal material. (Razzak let
al., 2013).

The first generation of biofuels is ethanol derived from food crops rich in starch or
biodiesel taken from waste animal fats such as cgairase. The second generation is
bioethanol derived from nefood cellulosic biomass and biodiesel taken frorrich

plant seed such as soybean or jatropha. The third generation is the biofuels generated
from cyanebacterial, microalgae and other mibes, which is the most promising
approach to meet the global energy demands. (Vol@stih,2015)

In this review, we present the recent progresses including challenges and opportunities in
microbial biofuels production as well as the potential appboatiof microalgae as a
platform of biomass production. Future research endeavors in biofuel production should
be placed on the search of novel biofuel production species, optimization and
improvement of culture conditions, genetic engineering of bigfteducing species,
complete understanding of the biofuel production mechanisms, and effective techniques
for mass cultivation of microorganisms. (Rodionetal.,2016).
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The fAbiofuelso in this review are referred
through the biological processes or derived from the biomass of living organisms, such

as microalgae, plants and bacteria. The increasing global population requests more energy
supplies for improving the quality of life. Biofuels can be one of the sourdeffitl the

global energy demand. Fossil fuels are being used as a main source of energy for many
years; however, the usage of them is unsustainable and causes environmental issues
related to fossil fuel combustioBfagoneet al, 2010). Hence, thishallenge may allow

fossil fuels to be substituted by renewable energy sources such as biofuels that is
environmentally friendly@emirbas2009).

Biodiesel is environmental friendl)Khan et al.,2005)and can be used to improve the
engine performanceGempen 2005) It is made of noftoxic chemicals and combustion

does not release sulfur and nitrogen rich flue gas as does as petrochemicals. Production
of biodiesel is a simple process in two steps shown in Figure no. 6. The first step consists
of the extragbn of fats or oils from animal or plant tissues. The second stgpns
esterificationof lipid fraction with alcohols in the presence of catalysts to generate
biodiesel. Raja 2011).
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Fig 8: Bio fuels production step (Roy andDas 2015)

Efficient utilization of water in industries

Being an important natural resource, water is essential to our production and life, and
critical to ecological balance. International experience suggests that water crisis may
occur once a countgonsumes over 20% of its water resouigengin 2000) According

to National Bureau of Statistics of China, the water resource in that country totaled
3,246.64 billion m3 in 2016, 18.61% (604.02 billion m3) of which was consumed. The
proportion is close tthe 20% warning line. The peapita water resource of China is
25% of the global pecapita level and 20% of that of US, ranking 121st in the world.
Hence, water shortage has posed a major challenge to China.(&@ta2007).
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Circular utilization of water resource in primary industry:

Water resource is the lifeline of national economy and plays a leading role in agriculture.

Although agricultural production mode is loosening and waste, it also decides the waste

water can reversed flow into natural esatycle directly Zou and Cong 2020And the

waste water doesnot bring serious environme
resource circular utilization in primary industry is effective utilization and economization

on water. To agricultural prodtion, water resource circular utilization follows the 4Rs

Reduce, Reuse, Recycle and Recd@rangming and Zhikai 2001) A Reduce 0 mean

reducing water consumption in order to red
resource is used for several times satude, such as, the flush water of waste material

dropped by farm animals is used to irrigate farmland. It not only fertilizes the field but

al so avoids polluting environment ; AfRecycl e
functions can be backtomat al wat er <cycl e. ARecover o mean
for recovery and utilizationMarianneet al.,2010).

Water resource circular utilization in secondary industry focuses on water resource
economical and intensive utilization in three layers; ihyaenterprises, intra industry and
industri al par k. Water consumptionds zero g
rational water resources utilization and managendemt &nd Yizhong 2002According

the national water resource bulletins from @O0 2005, China's annual water
consumption increasing rate is up to 9.58%. Therefore, the task is arduous to realize water
resources economical and intensive utilization. Relative to the three layers, enterprises,

interior industry and industrial park,eh are analyzed differently in microcosmic view,

in middle view and in macroscopical view, respectively.

Water resource circular utilization in tertiary Industry

In tertiary industry, the process water often mixes with the water for life. So there is no

effective evaluation of water consumption and management. The water consumption of

tertiary industry increases with years at present. In Shanghai, the proportion of tertiary

industry water consumption is 25% in 2000 rising to 36% in last year). Thistiesltbe

shift of industry structure and the significance of researching on water resource circular
utilization. Realty business is an important component in tertiary industry. And the water
consumption of realty business is vast and dense. And water mmend planning is

made for constructing ecological residences community is as shown in Figure no.7. So

itds necessary and practical to put water r ¢
water techniques. (Zhengying and Guangdou 2001).
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Fig 9: Water resource circular utilization mode of ecological residences community
(Heng 2012)

Industry Scenario:

Renewable energy sources have a combined installed capacity of 94+ GW.

As of 31 March2021, the total installed capacity fRenewables is 92+ GW with the
following break up:

Wind power:39.24 GW
Solar Power4a0 GW
Bio-power: 10.31 GW

1 Small Hydro Power: 4.7&W

= =4

Wind energy capacity in India has increased bytimés in the last 4 years. Further to
this, record 100 bn+ units oénewable electricity generating last year.

Solar power capacity has increased by more than 11 times in the last five years from 2.6
GW to 28.18 GW in March 2019. Government of India further tartgdatserease the total
Renewable Energy Capacity to 450GWv2030.
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42 solar parks of aggregate capa@®499 MW have been approvedlivi states up
to March 2019

Kurnool (1,000 MW) and@hadlall (648 MW) Solar Parks artilly operational
Largest Solar Park of 2,000 MW in Pavagada is under install&emefvable Energy
in India- Indian Power Industry Investment (investindia.goy.in)

Table5: Sourcewiseand State-wiseEstimated Potential of RenewablePowerin India ason
31.03.2019in MW) (National statistical office Ministry of statistics and program
implementation government of India New DelBnergy statistics 2020.).

Sl States/ UTs Wind | Small | Bio- Cogeneration] Waste | Solar | Total Distribution
No. Power | Hydro | mass - bagasse to Energy (%)
@ Power| Power Energy
100m

1 | Andhra Pradesh| 44229 409 578 300 123| 38440| 84079 7.66
2 | Arunachal - 2065 8 - - 8650 | 10723 0.98

Pradesh
3 | Assam - 202 212 - 8 13760| 14182 1.29
4 | Bihar - 527 619 300 73| 11200 12719 1.16
5 | Chhattisgarh 77 1098 236 - 24| 18270| 19705 1.80
6 | Goa 1 5 26 - - 880 911 0.08
7 | Gujarat 84431 202 1221 350 112 35770| 122086 11.12
8 | Haryana - 107 1333 350 24 4560 6374 0.58
9 | Himachal - 3460 142 - 2 33840 37444 341

Pradesh
10 | Jammu & - 1707 43 - - | 111050{ 112800 10.28

Kashmir
11 | Jharkhand - 228 90 - 10| 18180| 18508 1.69
12 | Karnataka 55857| 3726 1131 450 - 24700| 85864 7.82
13 | Kerala 1700 647 1044 - 36 6110 9538 0.87
14 | Madhya Pradesh 10484 820 1364 - 78| 61660 74406 6.78
15 | Maharashtra 45394 786 1887 1250 287 | 64320| 113925 10.38
16 | Manipur - 100 13 - 2 10630| 10745 0.98
17 | Meghalaya - 230 11 - 2 5860 6103 0.56
18 | Mizoram - 169 1 - 2 9090 9261 0.84
19 | Nagaland - 182 10 - - 7290 7482 0.68
20 | Odisha 3093 286 246 - 22| 25780| 29428 2.68
21 | Punjab - 578 3172 300 45 2810 6905 0.63
22 | Rajasthan 18770 52 1039 - 62 | 142310 162233 14.78
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23 | Sikkim - 267 2 - - 4940 5209 0.47
24 | Tamil Nadu 33800 604 1070 450 151| 17670| 53745 4.90
25 | Telangana 4244 102 - - 20410 24756 2.26
26 | Tripura - 47 3 - 2 2080 2131 0.19
27 | Uttar Pradesh - 461 1617 1250 176 | 22830| 26333 2.40
28 | Uttarakhand - 1664 24 - 5 16800, 18493 1.69
29 | West Bengal 2 392 396 - 148 6260 7198 0.66
30 | Andaman & 8 7 - - - 15 0.00
Nicobar
31 | Chandigarh - - - - 6 - 6 0.00
32 | Dadar & Nagar - - - - - - - -
Haveli
33 | Daman & Diu - - - - - - - -
34 | Delhi - - - - 131 2050 2181 0.20
35 | Lakshadweep 8 - - - - - 8 0.00
36 | Puducherry 153 - - - 3 - 156 0.01
37 | Others* - - - - 1022 790 1812 0.17
All India Total 302251| 21134| 17536 5000| 2554 | 748990| 1097465 100.00
Distribution (%) 27.54 1.93 1.60 0.46 0.23 68.25| 100.00

The below shown figure represents the % of electricity generated by the all the available

sources.

Coal (38%)
I

[| Natural gas (23%)

| Hydro (16%)

I Nuclear (10%)

I wind (5%)

I oil 3%)

[| Solar (2%)

[ Biofuels(2%)
[| Other (1%)

Fig 10. World electricity generation by source in 2018. Total generation was 26.7
PWh. (Wind power - Wikipedia)
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Current Scenario of Conventional Energy Sourcs in India:

At present India is a large consumer of fossil fuel such as coal, crude oil etc. Over a past
few decades, energy is needed for everything. The electricity requirement is increasing at
an alarming rate due to increased population & industrad. This rapid increase in

use of energy has created problems of demand & supply. Because of which, the future of
Nonrenewable energies is becoming uncertain. India ranks sixth in the world in total
energy consumption. Coming to power generation incthwntry, India has increased
installed power capacity from 1362 MW to over 112,058 MW since independence &
electrified more than 50,000 villages. This achievement is impressive but not sufficient
It is matter of concern that 44% of households do not hewess to the electricity & as

many as 80,000 villages are yet to be electrified. It indicates that India has had a negative
Energy Balance for decades. As per 16th electric power survey, the anticipated demands
require an additional 1, 00,000MW supply.dther words, the achievements of more
than 5 decades need to be reproduced in the next decade. The task is overwhelming but
not unachievable, because India has significant potential for generation of power from
renewable energy sources. As India has gelamount of, supply of renewable energy
resources, India has decided to organize a program for proper utilization of renewable
energy resources. As a result of which, India is the only country in the world to have an
exclusive ministry for renewable engrdevelopment, The Ministry of Neconventional

Energy Sources (MNES).

Policies of India for Renewable Energy Sources Today,

India has significant potential for generation of power from renewable energy sources.

|l ndi ads sear ch f o cesthatwosldeadure sustenabéedaysiopmeats o u r
and energy security began in early 7006s of
renewable energy resources and efficient use of energy were identified as the two thrust
areas of the sustainable deymitent. The few important steps taken by the Ministry of

India for development of renewable Energy sources are recapitulated d€lomar(and

Meena, 2017).

T I'ndia has among the world's | argest pr o
activities cover all majorenewable energy sources of interest to us, such as,
biogas, biomass, solar energy, wind energy, small hydro power and the other
emerging technologies. In each of these areas, India has programs of resource
assessment, technology development and denatiostr Several renewable
energy systems and products are now not only commercially available, but are
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also economically viable in comparison to fossil fuels, particularly when the
environmental costs of fossil fuels are taken into account.

1 Realizing the med for concentrated efforts in this sector, The Government of India
established a Commission for Additional Sources of Energy (CASE) in the
Department of Science and Technology, in 1981. The mandate of CASE is to
promote research and development actisiirethe field of renewable energy.

1 CASE was formally incorporated in 1982, in the newly created Department of
Nonconventional Energy Sources (DNES). In 1992 DNES became the Ministry
for Nonconventional Energy Sources, commonly known as MNES.

1 India has aast supply of renewable energy resources, and it has one of the largest
programs in the world for deploying renewable energy products and systems.
Indeed, it is the only country in the world to have an exclusive ministry for
renewable energy developmernhe Ministry of NonConventional Energy
Sources (MNES). MNES was renamed the Ministry of New and Renewable
Energy.

1 India has pioneered in the world in many administrative actions of renewable
energy promotion such as:

1. Electricity regulatory commissionithin liberalized market 1991
2. Mandatory environmental audits for power projed@92

3. Energy conservation bitR000

4. Renewable Energy promotion bi005.

1 The Ministry is encouraging the setting up of grteractive power projects
based on renewable energy through private investment route.

1 The State Nodal Agencies are responsible for promotion and development of
private sector projects by way of providingcessary clearances, allotment of
land, allotment of potential sites in case of SHP projects and facilitating power
purchase agreements etc.

i State Electricity Regulatory Commissions (SERCs) are determining tariffs by
taking into account the submissiarnfsall stakeholders, including consumers.

9 A number of leading financial institutions and banks are financing renewable
energy based power.
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Zero Liquid Discharge
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In the past multiple decades, industrial production has enlarged because of an increasingly
open economy and a significant emphasis on industrial development and international
trade. Water utilization for industriake has consequently risen and will continue to rise
up. So an ecological issues are an integral and important part of the environmental issues
challenging India. Poor air quality, water pollution, and garbage all affect the quality of
food and the envimment necessary for ecosystems to thrive where it affect the
environmental sustainability, India is recognized as having major issues with water
pollution, predominantly because of untreated industrial wastewater and failure to
achieve zero liquid dischae{ZLD) (Shrikant Ahirrao,. 2014 ZLD). Zero liquid discharge
(ZLD) is Defined as Systems that seek to eliminate wastewater discharge from any given
process are known as Zero Liquid Discharge (ZLD) systems (Sabla Y,. 2019).

Or

It implies that wastewater is treated and effectively recycled and reused such that
there is no effluent discharge. ZLD is usually accomplished by concentrating the effluent
using various techniques, including membraéiased and multi effect evaporatiorsed
systems.

ZLD involves:

A The elimination of the |liquid waste ef
A The recycling of recovered water and s
A The establishment of no |iquid pollutal
Through reuse, wastewaterstieso ntohdtonmgetre rcic

harms the environment, but rather an additional resource that can be harnessed to achieve
water sustainability. It has been suggested that ZLD can be accomplished by following
the water minimization hierarchy (WMHYyaqub,. 201¥shownin Fig. 1.

—\ncreasing priority
1 2 3

Direct .
Source . . Regeneration
I Source reduction use/Outsourcing
elimination reuse

of external water

Fresh water use

Fig 11. Block diagram of the water minimization hierarchy (WMH). Source (Alwi
et al., 2008).
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Table 6; Merits and De-merits of ZLD is mentioned below

Merits

De-merits

No impact on surrounding soil salinit
groundwater pollution or ecologyf river
bodies

Conservation of water resource throu

recovery and reise of treated effluent

Recovery and reise of salt used in the texti
dyeing process

Use of higher amount of chemicals
wastewater treatment

Increase in energy usage

Generation of mormous amount of hazardo
sludge and other solid waste Impact on cos
processing (implementing ZLD pushes up cq
by 2530%

In achieving ZLD:

Where in sustainability development in order to achieve Zero Liquid Discharge, we have
to recover the sabnd water separately from the effluent and then reuse it in the dyeing
process. This is a very complicated, tedious and expensive process, in view of investment,
operating and maintenance costs. We also need to apply lot of chemistry, engineering &
techrology knowhow.

As a simple explanation, the effluent is treated in an Effluent Treatment Plant (ETP)
comprising Primary, Secondary and Tertiary Treatment steps. The treated water is
recovered from the Reverse Osmosis Plant (RO) process during tedamngent phase

and Salt is then recovered by using Multiple Effect Evaporation (MEE) with
Crystallization (Karaghouli,.2013)

There is also a water loss in the treatment process and hence only at®&#086f the

water can be recovered andused back ithe process. The cost of this recovered water
recycled into the process is always much higher than the cost of input water used from
other sources. But if ZLD is viewed from an ecological, social and environmental
viewpointi and not as a Cost Cenir¢hen it merits implementation at all factories with

no access to a Common Effluent Treatment Plant.

In recent years, greater recognition of the dual challenges of water scarcity and pollution
of aquatic environments has revived global interest in ZLD. More stringent regulations,
rising expenses for wastewater disposal, and increasing value of freshreatiiving
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ZLD to become a beneyci al Oor even a necessart
gl obal mar ket for ZLD is estimated to reach
million, spreading rapidly from developed countries in North America anmo@e to

emerging economies such as China and India.

Early ZLD systems were based on statohe thermal processes, where wastewater was
typically evaporated in a brine concentrator followed by a brine crystallizer or an
evaporation pond. The condensedilliige water in ZLD systems is collected for reuse,
while the produced solids are either sent
byproducts. Such systems, which have been in successful operation for 40 years and are

still being built, require conderable energy and capital (Tiezheng T-@@4.6).

Design Considerations
The following design factors are to be considered when planning a zero discharge system:
A Temperature
A Salt concentration
A Organic cut
A Crystallization methodol ogy.
The above paraeters are first analyzed in the laboratory, and the feasibility of the
process is studied, ultimately leading to the selection of processes and the understanding
of recovery aspects.

Components of ZLD

A Ef f |-tteatmend fitersand clarifiers

AEffluent COD/BOD reductiod biological treatments

A Effluent Vokmbramesr educti on

A Effluentd evaporatiennt r at i on

A Solids sepadadntrifogeanddndngdi schar ge

A Treatment of recovered water through disti

How ZLD supports sustainability?

A water audited system used in combination with the WMH can help determine
appropriate measures for water conservation. But ZLD is more likely to be achieved by
considering inputs, outputs, and water quality, rather timam@ to minimize wastewater
outputs only (Barrington and Ho,. 2014). The following figure shows that how ZLD can
be help in the environmental sustainability development.
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Fig 12 Showing the pictorial representation of how the ZLD helpsn
environmental sustainability. (Zero Liquid Discharge - Bing image9

There are a number of benefits to targeting zero liquid discharge for an industrial
process or facility:

1 Lowered waste volumes decrease the cost associated with waste management.

T Recycle water on site, lowering water acquisition costs and risk. Recyetling

site can also result in less treatment needs, versus treating to meet stringent

environmental discharge standards.

1 Reduce trucks associated with-effe waste water disposal, and their associated

greenhouse gas impact and community road incident risk.

T Improved environmental performance, and regulatory risk profile for future

permitting.

T Some processes may recover valuable resources, for example ammonium sulfate

fertilizer or sodium chloride salt for ice meltingvw.saltworks.com

Wastewater treatment plants (WWTP) suclih&szero liquid discharge can be installed

mainly in the industries, as industries were prescribed to install the wastewater treatment

plant, Effluent treatment plant (ETP), common effluegetitment plant and including

sewage treatment plant (STP), all these systems could install this zero liquid discharge

system

As this study says in different platforms the ZLD can perform, those platforms are briefed

bellow for the sake of knowledge.
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Sewage treatment plant (STP)The process of removing contaminants from municipal
wastewater, containing mainly household sewage plus some industrial wastewater.
Physical, chemical, and biological processes are used to remove contaminants and
produce treatd wastewater that is safe enough for release into the environfent.
sewerage project in respect of which considerable public and social resources are being
used, form a basic infrastructure for the country and an indisputable indicator of
civilization and development. The works cover a number of substantial social needs and
aim to improve the quality of life and to protect public health and the environment.
(Www.netrix.in).

Instead of discharging the treated watethi® nearby streams, that water could be used

by the industry may lead to save the source of fresh water needed by the industry. The
typical complete STP process is depicted in the below figure.

primary treatment secondary treatment
[ Il I
aeration tank disinfectant
E=) raw sewage o secondary
:/ clarifier

reens

i I

& =

primary secondary
¥ effluent effluent
? ; == discharge to
.rroYo comminutor
surface water
: air compressor activated (or tertiary
prinjgry treatment
clarifier it nesded)
—

grit chamber

raw or primary sludge
grit disposal 1§

© 2012 Encyclopaedia Britannica, Inc. SIUdge treatment and dlsDosal

Fig 13: Sewage Treatment Rint (sewage treatment plant diagram Bing images

Effluent Treatment Plant (ETP): ETPis one type of waste wateatment method
which is particularly designed to purify industrial waste water for its reuse and its aim is
to release safe water to environment from the harmful effect caused by the effluent.

Industrial effluents contain various materials, dependinthenndustry. Some effluents
contain oils and grease, and some contain toxic materials (e.g., cyanide). Effluents from
food and beverage factories contain degradable organic pollutants. Since industrial waste
water contains a diversity of impurities ahetefore specific treatment technology called
ETP is required.
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The ETP Plant works at various levels and involves various physical, chemical, biological
and membrane processes to treat waste water from different industrial sectors like
chemicals, drugs,iiarmaceutical, refineries, dairy, ready mix plants & textile etc.

The treated water from ETP is discharged to nearby streams, but there is problem with
this discharging so the water can be used with in the industry after treatment, and hence
the fresh watedemand by the industry can be reduced, and the efficient usage of waste

water after treatment can be achieved. The following figure shows that the complete

mechanism of how an Effluent treatment plant works (Amutha,. 2017)

Fig 14: Effluent Treatment Plant (Effluent Treatment Plant Diagram - Bing
images
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