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Introduction 

The Ministry of Environment, Forest & Climate Change (MoEF&CC), Government of India has been 

implementing a Central Sector Scheme entitled Environmental Information System (ENVIS) since 1982-83. 

ENVIS by providing scientific, technical and semi-technical information on various environmental issues has 

served in facilitating policy formulation and environment management at all levels of Government as well as in 

decision-making aimed at environment protection and its improvement for sustaining good quality of life for all 

living beings. ENVIS is a decentralized network of 66 Centres of which 21 Centres are dealing with “State of the 

Environment and Related Issues” are hosted by State Government / UT Administrations, called ENVIS Hubs 

and remaining 35 Centres are hosted by environment-related governmental and non-governmental 

organizations / institutes of professional excellence, with varied thematic mandates pertaining to environment, 

called the ENVIS Resource Partners (RPs).  

Utilizing the vast network and expertise of ENVIS Hubs/RPs, the Ministry has taken up an initiative for skill 

development in the environment and forest sector to enable India‟s youth to get gainful employment and/or self 

employment, called the “Green Skill Development Programme (GSDP)”. The programme endeavours to 

develop green skilled workers having technical knowledge and commitment to sustainable development, which 

will help in the attainment of the Intended Nationally Determined Contributions (INDCs), Sustainable 

Development Goals (SDGs) and National Biodiversity Targets (NBTs). India being the second most populous 

country in the world is bestowed with a large working population and has advantage of reaping this 

demographic dividend. However, high drop-out rates from school coupled with poor vocational skills may hinder 

in reaping this dividend. There exists a demand-supply gap of skill sets, both cognitive and practical, at various 

levels in the Environment / Forest fields in India. Green skilling is crucial for making a transition from energy 

and emissions – intensive economy to cleaner and greener production and service patters. Hence future 

activities under GSDP will include process based green skills such as, monitoring and managing activities such 

as waste, energy efficiency, impact minimization and assessment, etc. Realizing the demand for green skilled 

youth, the (GSDP) has been conceptualized and developed in MoEF&CC in consultation with National Skill 

Development Agency (NSDA), the nodal agency for synergizing skill development initiatives in the country, 

under the Ministry of Skill Development & Entrepreneurship (MSDE).   

Under this GCPC-ENVIS has initiated a „Certificate Course on Cleaner Production Assessment‟. This 

publication is intended to provide guidance on adopting Cleaner Production approach, to the students pursuing 

this course. This will help students develop a new pathway towards addressing issues of industrial pollution and 

waste. The course ultimately aims on developing green skills and employment generation for the youth of India, 

which will ultimately help our country in achieving SDGs and INDCs.  
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 Major Industrial Incidents: London Smog & Bhopal Gas Tragedy 

One hundred years ago, Claude Monet painted scenes of London through its smoggy atmosphere. That 

was local pollution. What is relatively new and even more worrying is global pollution - that is pollution 

emitted locally that has global effects. The first example that arose in 1952 was the severe black smog  

(smoke + fog) that affected London during the period of Friday 5th to Tuesday 9th December 1952, today 

seen as the worst air pollution event in the history of the United Kingdom. A period of cold weather, 

combined with an anticyclone and windless conditions, collected airborne pollutants—mostly arising from 

the use of coal—to form a thick layer of smog over the city. Earlier reports suggested that 4000 died 

prematurely and 100,000 were made ill by the Great Smog, but more recent research has shown that the 

number of smog-related deaths was underestimated and is now thought to be considerably higher – around 

12,000. The London Smog of 1952 is acknowledged as one of the most significant pollution episodes in 

history in terms of its impact on environmental research, government regulation, and public awareness of 

the relationship between air quality and health.(http://www.jri.org.uk/)  

 

 

 

 

                                                                                                                                                                                 

 

The Bhopal Gas Tragedy was an industrial catastrophe that took place at a pesticide plant owned and 

operated by Union Carbide India Limited (UCIL) in Bhopal, Madhya Pradesh, India on December 3, 1984. 

Around 12 AM, the plant released methyl isocyanate (MIC) gas and other toxins, resulting in the exposure 

of over 500,000 people. Estimates vary on the death toll. The official immediate death toll was 2259 and the 

government of Madhya Pradesh has confirmed a total of 3787 deaths related to the gas release. Other 

government agencies estimate 15,000 deaths. Others estimate 8000 to 10,000 died within 72 hours and 

25,000 have since died from gas-related diseases. (www.indiatimes.com) 
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 Status of Industrial Development 

The manufacturing sector is one of the highest growing sectors in Indian economy. It holds a key position 

and acts as a backbone of the Indian economy. The Industrial Sectors in India are divided into different 

categories Micro, Small and Medium Enterprises and Large Scale Industries.  

In India, the MSMEs play a pivotal role in the overall industrial economy of the country. MSME in India 

account for more than 80% of the total number of industrial enterprises and provides huge employment 

opportunities.  

Gujarat is one of the leading industrialized states in India. It is known as the growth engine of India. The 

major industrial sectors in the state comprises of chemicals and petrochemicals, dyes and  dye 

intermediates, pharmaceutical, textile, dairy, pulp and paper, fish processing etc. and the contribution of the 

Gujarat State in India‘s total exports, capital investment, value of output, contribution in chemical sector etc. 

is mentioned in the tables given below. 
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 Introduction: Pollution its Type and Sources 

The word ―Pollution‖ has entered the environment dictionary sometime back in the last century, it comes 

from the Latin word pollut- (Pollute) meaning ―soiled.‖  

When you pollute something, it's soiled or contaminated, often by something poisonous. You might have 

heard the word pollution — pollution is the stuff that pollutes the environment. The word pollute can be 

used more figuratively to describe something that corrupts or degrades. For example, reading articles about 

celebrity weddings can pollute your mind. 

Pollution is defined in many ways….. 

 Undesirable state of the natural environment being contaminated with harmful substances as a 

consequence of human activities. 

 The discharge of a toxic or contaminating substance that is likely to have an adverse effect on the 

natural environment or life. 

But the correct definition for pollution is "Any undesirable change in physical, chemical or biological 

characteristics of air, land, water or soil".  

Pollutants include solid, liquid or gaseous substances present in greater than natural abundance, 

produced due to human activity or natural occurrence, which have a detrimental effect on our 

environment. 

The major forms of pollution are described below along with the particular pollutant relevant to each of 

them and its environmental effect: 

1. Air Pollution 

2. Water Pollution 

3. Soil Pollution 

4. Solid Waste 

5. Noise Pollution 

6. Light Pollution 

7. Thermal Pollution 
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1. Air Pollution 

Air pollution means the existence of pollutants in the atmosphere. It can also be described as the 

variation of air due to any physical, chemical or biological modification which leads to adverse effects on 

environment and humans. It is nothing but the presence of various gases and particles in an unsuitable 

and dangerous proportionate that intimidate environment, flora and fauna. When unsafe gases, smoke or 

other dangerous particles enter into air, creating a threat for the survival of animals, plants and animals, 

the air pollution occurs. Stratospheric ozone depletion due to air pollution has long been recognized as a 

threat to human health as well as to the Earth's ecosystems. 

Common examples of air pollution include carbon monoxide, sulfur dioxide, chlorofluorocarbons (CFCs), 

and nitrogen oxides produced by industry and motor vehicles. Photochemical ozone and smog are 

created as nitrogen oxides and hydrocarbons react to sunlight.  

The substances that cause air pollution are called air pollutants. Pollutants that are pumped into our 

atmosphere and directly pollute the air are called primary pollutants. Primary pollutant examples include 

carbon monoxide from car exhausts and sulfur dioxide from the combustion of coal. 

Further pollution can arise if primary pollutants in the atmosphere undergo chemical reactions. The 

resulting compounds are called secondary pollutants. Photochemical smog is an example of this. 

1.1 Sources and Causes 

The key sources of air pollution includes vehicular pollution like trucks and diesel vehicles, combustion in 

power plants and industries using dirty fuels, like pet coke, FO (and its variants), coal and biomass, 

burning of garbage, both in landfills and other places where there is no or improper collection, processing 

or disposal of waste, dust management roads and construction sites, which add to the particulate 

pollution; burning of crop residue by farmers. Air pollution can result from both human and natural 

actions. Natural events that pollute the air include forest fires, volcanic eruptions, wind erosion, pollen 

dispersal, evaporation of organic compounds and natural radioactivity.  

The man-made sources of Air Pollution include smoke stacks of power plants, manufacturing facilities 

(factories) and waste incinerators, as well as furnaces and other types of fuel-burning heating devices. In 

developing and poor countries, traditional biomass burning is the major source of air pollutants; traditional 

biomass includes wood, crop waste and dung.  

 "Mobile Sources" include motor vehicles, marine vessels, aircraft etc. Fumes from paint, hair spray, 

varnish, aerosol sprays and other solvents. Waste deposition in landfills, which generate methane. 

Military, such as nuclear weapons, toxic gases, germ warfare and rocketry.  

The natural sources of air pollution include, dust from natural sources, usually large areas of land with 

few or no vegetation, smoke and carbon monoxide from wildfires, vegetation, in some regions, emits 

http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Sulfur_dioxide
http://en.wikipedia.org/wiki/Chlorofluorocarbon
http://en.wikipedia.org/wiki/Nitrogen_oxide
http://en.wikipedia.org/wiki/Industry
http://en.wikipedia.org/wiki/Ozone
http://en.wikipedia.org/wiki/Smog
http://en.wikipedia.org/wiki/Hydrocarbon


 

 

Manual on Cleaner Production                        5 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

environmentally significant amounts of VOCs on warmer days. These VOCs react with primary 

anthropogenic pollutants – specifically, NOx, SO2, and anthropogenic organic carbon compounds – to 

produce a seasonal haze of secondary pollutants.   Volcanic activity, which produce sulfur, chlorine, and 

ash particulates. 

(https://www.researchgate.net/publication/279202084_Causes_Consequences_and_Control_of_Air_Pollution 

http://cdn.cseindia.org/attachments/0.62015400_1520854309_final-state-air-winter2017-18.pdf) 

1.2 Social Effects of Air Pollution  

In children and adults, both short- and long-term exposure to ambient air pollution can lead to reduced 

lung function, respiratory infections and aggravated asthma. Maternal exposure to ambient air pollution is 

associated with adverse birth outcomes, such as low birth weight, pre-term birth and small gestational 

age births. Emerging evidence also suggests ambient air pollution may affect diabetes and neurological 

development in children (WHO). 

Table: 1 Common air pollutants and their sources, and effects 

Major Air Pollutants 

Pollutant Description Sources Effects Release 

Carbon 

Monoxide 

(CO) 

CO is an 

odorless, 

colorless, 

and poisonous 

gas 

produced by 

the incomplete 

burning of 

fossil fuels 

(gasoline, oil, 

natural gas). 

Cars, trucks, 

buses, small 

engines, and some 

industrial 

processes are 

major sources. 

Wood stoves, 

cigarette smoke, 

and forest fires are 

also 

sources of CO. 

CO interferes with the blood‘s ability to 

carry oxygen, slowing reflexes and 

causing drowsiness. In high 

concentrations, CO can cause death. 

Headaches and stress on the heart 

can result from exposure to CO. 

Direct 

Nitrogen 

Oxides 

(NOx) 

Nitrogen and 

oxygen 

combine 

during 

combustion 

(burning) to 

form nitrogen 

oxides. Many 

nitrogen 

oxides are 

NOx come from 

burning fuels in 

motor vehicles, 

power plants, 

industrial boilers 

and other 

industrial, 

commercial, and 

residential sources 

that burn 

NOx can make the body vulnerable to 

respiratory infections, lung disease, 

and possibly cancer. NOx contributes 

to the brownish haze seen over 

congested areas and to acid rain. 

NOx easily dissolves in water and 

forms acids which can cause metal 

corrosion and fading/deterioration of 

fabrics. 

Direct 

https://www.researchgate.net/publication/279202084_Causes_Consequences_and_Control_of_Air_Pollution
http://cdn.cseindia.org/attachments/0.62015400_1520854309_final-state-air-winter2017-18.pdf
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colorless and 

odorless 

gases. 

fuels. 

Sulfur 

Dioxide 

(SO2) 

SO2 is a gas 

produced by 

chemical 

interactions 

between sulfur 

and oxygen. 

SO2 comes largely 

from 

burning fossil fuels 

(gasoline, 

oil, natural gas). It 

is released 

from petroleum 

refineries, 

paper mills, 

chemical and coal 

burning 

power plants. 

SO2 easily dissolves in water and 

forms an acid which contributes to 

acid rain. Lakes, forests, metals, and 

stone can be damaged by acid rain. 

Direct 

Volatile 

Organic 

Compounds 

(VOCs) 

VOCs are 

organic 

(contain 

carbon) 

compounds 

that 

vaporize 

easily. 

Gasoline, 

benzene, 

toluene, and 

xylene are 

examples of 

VOCs. 

VOCs are emitted 

as gases 

(fumes). Sources 

of VOCs 

include burning 

fuels, solvents, 

cleaning supplies, 

paints, and 

glues. Cars are a 

major source 

of VOCs. 

VOCs contribute to smog formation 

and can cause serious health 

problems such as cancer. They may 

also harm plants. 

Direct 

Particulate 

Matter 

(PM) 

also known 

as 

Particle 

Pollution 

Particulate 

matter is a 

term 

used to 

describe very 

small 

solids. Smoke, 

ash, soot, 

dust, lead, and 

other 

particles from 

burning fuels 

Some particles are 

directly 

emitted from cars, 

trucks, 

buses, factories, 

construction 

sites, tilled fields, 

unpaved 

roads, and burning 

wood. 

Other particles are 

indirectly 

Particulate matter can reduce 

visibility and cause a variety of 

respiratory problems. Particulate 

matter has also been linked to 

cancer. It can also corrode metal; 

erode building and sculptures, and 

soil fabrics. 

Direct 

and 

formed 

in 

the air 
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are examples 

of some of 

the 

compounds 

that make 

up particulate 

matter. 

formed when 

gases from 

burning fuels react 

with 

sunlight and water 

vapor. 

Lead Lead is a metal 

found 

naturally in the 

environment 

as well as in 

manufactured 

products. 

Small solid 

particles of 

lead can 

become 

suspended in 

the 

air. Lead can 

then be 

deposited on 

soil and in 

water. 

The major source 

of lead is 

metal processing 

with the 

highest levels of 

lead generally 

found near land 

smelters. 

Other sources 

include waste 

incinerators, 

utilities, and lead 

acid 

battery 

manufacturers. 

Exposure to lead can cause blood, 

organ and neurological damage in 

humans and animals. Lead can also 

slow down the growth rate in plants. 

Direct 

Ozone (O3) Ozone (O3) is 

a gas not 

usually emitted 

directly into 

the air. Ground 

level ozone 

is created by a 

chemical 

reaction 

between NOx 

and 

VOCs in the 

presence of 

heat and 

sunlight. 

Motor vehicle 

exhaust, 

industrial 

emissions, 

gasoline 

vapors, and 

chemical solvents 

are some of the 

major sources 

of NOx and VOCs. 

Ozone can irritate lung airways and 

cause wheezing and coughing. 

Repeated exposure can cause 

permanent lung damage. Ozone 

damages leaves of trees and other 

plants. It decreases the ability of 

plants to produce and store food, and 

reduces crop yield. 

Formed 

in 

the air 

(Table: Major Air Pollutants) 
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Particulate Matter (PM) 

The PM Stands for Particulate Matter (also called particle pollution): the term for a mixture of solid particles 

and liquid droplets found in the air. Some particles, such as dust, dirt, soot or smoke are large or dark 

enough to be seen with the naked eye. Others are so small they can only be detected using an electron 

microscope. 

 PM10 : inhalable particles, with diameters that are generally 10 micrometers and smaller; and 

 PM2.5 : fine inhalable particles, with diameters that are generally 2.5 micrometers and smaller. 

 How small is 2.5 micrometers? Think about a single hair from your head. The average human hair 

is about 70 micrometers in diameter – making it 30 times larger than the largest fine particle. 

 

These particles come in many sizes and shapes and can be made up of hundreds of different chemicals. 

Some are emitted directly from a source, such as construction sites, unpaved roads, fields, smokestacks or 

fires. Most particles form in the atmosphere as a result of complex reactions of chemicals such as sulfur 

dioxide and nitrogen oxides, which are pollutants emitted from power plants, industries and automobiles. 

 

Why does particle size matter? 
 

The aerodynamic properties of particles determine how they are transported in air and how they can be 

removed from it. These properties also govern how far they get into the air passages of the respiratory. 

Additionally, they provide information on the chemical composition and the sources of particles. 

 

Particles have irregular shapes and their aerodynamic behavior is expressed in terms of the diameter of an 

idealized sphere. The sampling and description of particles is based on this aerodynamic, which is usually 

simply referred to as ‗particle size‘. Particles having the same aerodynamic diameter may have different 

dimensions and shapes. Some airborne particles are over 10,000 times bigger than others in terms of 

aerodynamic diameter. 

 

Based on size, particulate matter is often divided into two main groups: 

 

 The coarse fraction contains the larger particles with a size ranging from 2.5 to 10 µm (PM10 -

 PM2.5). 

 The fine fraction contains the smaller ones with a size up to 2.5 µm (PM2.5). The particles in 

the fine fraction which are smaller than 0.1 µm are called ultrafine particles. 

 

Most of the total mass of airborne particulate matter is usually made up of fine particles ranging from 0.1 to 

2.5 µm. Ultrafine particles often contribute only a few percent to the total mass, though they are the most 

numerous, representing over 90% of the number of particles. 

 
 

https://www.greenfacts.org/glossary/abc/aerodynamic.htm
https://www.greenfacts.org/glossary/abc/aerodynamic.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/abc/coarse-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
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How are particles formed? 
 
Coarse particles are produced by the mechanical break-up of larger solid particles. The coarse fraction can 

include dust from roads, agricultural processes, uncovered soil or mining operations, as well as non-

combustible materials released when burning fossil fuels. Pollen grains, mould spores, and plant and insect 

parts can also contribute to the coarse fraction. Finally, evaporation of sea spray can produce large 

particles near coasts. 

 

 

Fine particles are largely formed from gases. Ultrafine particles (up to 0.1 µm) are formed by nucleation, 

which is the initial stage in which gas becomes a particle. These particles can grow up to a size of 1 µm 

either through condensation, when additional gas condensates on the particles, or through coagulation, 

when two or more particles combine to form a larger particle. Particles produced by the intermediate 

reactions of gases in the atmosphere are called secondary particles. 

 

 

https://www.greenfacts.org/glossary/abc/coarse-particles.htm
https://www.greenfacts.org/glossary/abc/coarse-particles.htm
https://www.greenfacts.org/glossary/def/fossil-fuel.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/mno/nucleation.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/abc/atmosphere.htm
https://www.greenfacts.org/glossary/pqrs/primary-particles-secondary-particles.htm
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 Combustion of fossil fuels such as coal, oil, and petrol can produce 

 Coarse particles from the release of non-combustible materials such as fly ash, 

 Fine particles from the condensation of materials vaporized during combustion, and 

 Secondary particles through the atmospheric reactions of sulphur oxides and nitrogen 

oxides initially released as gases. 

Which materials are the main components of particulate matter? 

On average, the two main components of particulate matter  are sulphate and organic matter. This is true 

both for fine particles (PM2.5) and for coarse and fine particles combined (PM10). 

On days when the levels of particulate matter in the air are high (PM10 exceeds 50 µg/m3), nitrate is also a 

major component of both PM10 and PM2.5. 

PM10 and PM2.5 affects human health and the environment more than the other particulate matter, due to 

its diameter. 

Particulate matter contains microscopic solids or liquid droplets that are so small that they can be 

inhaled and cause serious health problems. Particles less than 10 micrometers in diameter pose the 

greatest problems, because they can get deep into your lungs, and some mayeven get into your 

bloodstream. 

Social Effects 

PM10 and PM2.5 include inhalable particles that are small enough to penetrate the thoracic region of the 
respiratory system. Particulate Matter leads to respiratory and cardiovascular morbidity, such as 
aggravation of asthma, respiratory symptoms and an increase in hospital admissions; it leads to 
cardiovascular and respiratory diseases as well a lung cancer, PM also causes changes in blood 
chemistry that can result in clots that may lead to heart attacks.(WHO, Europe). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.greenfacts.org/glossary/def/fossil-fuel.htm
https://www.greenfacts.org/glossary/abc/coarse-particles.htm
https://www.greenfacts.org/glossary/def/fly-ash.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/pqrs/primary-particles-secondary-particles.htm
https://www.greenfacts.org/glossary/mno/nitrogen-oxides-nox-nitric-oxide-no-nitrogen-dioxide-no2.htm
https://www.greenfacts.org/glossary/mno/nitrogen-oxides-nox-nitric-oxide-no-nitrogen-dioxide-no2.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/pqrs/sulphate.htm
https://www.greenfacts.org/glossary/mno/organic.htm
https://www.greenfacts.org/glossary/def/fine-particles-ultrafine-particles.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/abc/coarse-particles.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/pqrs/particulate-matter.htm
https://www.greenfacts.org/glossary/mno/mass-units.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
https://www.greenfacts.org/glossary/pqrs/PM10-PM2.5-PM0.1.htm
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2 Water Pollution 

Water pollution is the presence of any material in the water that is harmful to plants or animals, or affects its 

taste and odor, or detracts from any use that can be made of it.  

When toxic substances enter lakes, streams, rivers, oceans, and other water bodies, they get dissolved or 

lie suspended in water or get deposited on the bed. This results in the pollution of water whereby the quality 

of the water deteriorates, affecting aquatic ecosystems. Pollutants can also seep down and affect the 

groundwater deposits. 

2.1 Sources and Causes 

Sources of Water pollution are surface runoff, leaching to groundwater, liquid spills, wastewater discharges, 

eutrophication and littering.  

Unlike air pollution where the leading emission factors are natural, water pollution is mostly caused by 

human involvement. There have been many ways scientists have looked at the human effect on water 

systems. There are many areas of polluting substances that cause disruption or change in the chemical 

makeup of the world‘s waters, and affect the aquatic environment. Several areas overlap with one another. 

Some basic pollutants include, oxygen using wastes, radioactive material, sediments and inorganic 

chemicals. Other well-documented water pollutants include oil (i.e. tanker spills), synthetic organic 

compounds (i.e. pesticides) and toxic metals (i.e. mercury).  

Water pollution has many sources. The most polluting of them are the city sewage and industrial waste 

discharged into the rivers. The facilities to treat wastewater are not adequate in any city in India. Presently, 

only about 10% of the wastewater generated is treated; the rest is discharged as it is into water bodies. 

Due to this, pollutants enter groundwater, rivers, and other water bodies. Such water, which ultimately ends 

up in our households, is often highly contaminated and carries disease-causing microbes. Agricultural run-

off, or the water from the fields that drains into rivers, is another major water pollutant as it contains 

fertilizers and pesticides. 

Domestic sewage refers to waste water that is discarded from households. Also referred to as sanitary 

sewage, such water contains a wide variety of dissolved and suspended impurities.  

It amounts to a very small fraction of the sewage by weight. But it is large by volume and contains 

impurities such as organic materials and plant nutrients that tend to rot. The main organic materials are 

food and vegetable waste, plant nutrient come from chemical soaps, washing powders, etc. Domestic 

sewage is also very likely to contain disease-causing microbes. Thus, disposal of domestic waste water is a 

significant technical problem. Sewage generated from the urban areas in India has multiplied manifold 

since 1947.  

 

http://en.wikipedia.org/wiki/Water_pollution
http://en.wikipedia.org/wiki/Surface_runoff
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/Wastewater
http://en.wikipedia.org/wiki/Eutrophication
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Today, many people dump their garbage into streams, lakes, rivers, and seas, thus making water bodies 

the final resting place of cans, bottles, plastics, and other household products. The various substances that 

we use for keeping our houses clean add to water pollution as they contain harmful chemicals. In the past, 

people mostly used soaps made from animal and vegetable fat for all types of washing. But most of today‘s 

cleaning products are synthetic detergents and come from the petrochemical industry. Most detergents and 

washing powders contain phosphates, which are used to soften the water among other things. These and 

other chemicals contained in washing powders affect the health of all forms of life in the water.  

Agricultural Run off  

The use of land for agriculture and the practices followed in cultivation greatly affect the quality of 

groundwater. Intensive cultivation of crops causes chemicals from fertilizers (e.g. nitrate) and pesticides to 

seep into the groundwater, a process commonly known as leaching. Routine applications of fertilizers and 

pesticides for agriculture and indiscriminate disposal of industrial and domestic wastes are increasingly 

being recognized as significant sources of water pollution.  

The high nitrate content in groundwater is mainly from irrigation run-off from agricultural fields where 

chemical fertilizers have been used indiscriminately.  

Industrial effluents 

Wastewater from manufacturing or chemical processes in industries contributes to water pollution. 

Industrial wastewater usually contains specific and readily identifiable chemical compounds. During the last 

fifty years, the number of industries in India has grown rapidly. But water pollution is concentrated within a 

few sub sectors, mainly in the form of toxic wastes and organic pollutants. Out of this, a large portion can 

be traced to the processing of industrial chemicals and to the food products industry. In fact, a number of 

large- and medium-sized industries do not have adequate effluent treatment facilities. Most of these 

defaulting industries are sugar mills, distilleries, leather processing industries, and thermal power stations. 

Most major industries have treatment facilities for industrial effluents. But this is not the case with small-

scale industries, which cannot afford enormous investments in pollution control equipment as their profit 

margin is very slender. 
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2.2 Water Pollutants 

Table: 2 Various pollutants and its adverse effects 

Sr. 

No. 

Pollutants Impacts 

1. Organic 

pollutants 

i)Oxygen 

Demanding 

wastes: 

ii)Synthetic 

organic 

pollutants 

iii) oil 

Depletion of the DO will be a serious problem adversely affecting aquatic life, if the 

DO falls below 4.0 mg/L. Most of these compounds are toxic and bio-refractory 

organics. It also makes water unfit for different uses. 

This pollutant is also responsible for endangering water birds and coastal plants due 

to coating of oils and adversely affecting the normal activities which cause reduction 

of light transmission and photosynthesis. 

2. Pathogens Number of diseases transmitted by pathogens available in Wastewater 

3. Nutrients When these are disposed in aquatic environment, it can lead to growth of 

undesirable aquatic life. When it discharged on land it causes groundwater pollution. 

4. Thermal 

pollutants 

When organic matter is also present, the bacterial action increases due to rise in 

temperature; hence, resulting in rapid decrease of DO. It also results in thermal 

stratification which alters spectrum of organisms. 

5. Radioactive 

Pollutants 

These isotopes are toxic to the life forms; they accumulate in the bones, teeth and 

can cause serious disorders 

6. Suspended 

solids and 

Sediments 

Presence of suspended solids can block the sunlight penetration in the water, which 

is required for the photosynthesis by bottom vegetation. Finer suspended solids 

such as silt and coal dust may injure the gills of fishes and cause asphyxiation. 

7. Inorganic 

pollutants 

These pollutants include mineral acids, inorganic salts, trace elements, metals, 

metals compounds, complexes of metals with organic compounds, cyanides, 

sulphates, etc. They have adverse effect on aquatic flora and fauna and may 

constitute a public health problem. 

(Table: Pollutants & Its Effects) 

2.3 Social Effects 

Society‘s main concern with water pollution has mostly been realized through our own concern for drinking 

water. Contaminants of all kind have been studied for possible harm on humans, and subsequent 

discoveries led to seeing the effects on other life in water. Water as a carrier of pathogenic organisms that 

can put health at risk was the primary reason for pollution control. More recently pollution was personalized 

when Americans saw pictures of seals and other sea life drowning in oil slick from spills, with drastic 

consequences. Water birds can often be so covered in oil slick that they can no longer fly and feathers lose 

their insulation properties in cool water temperatures. Many surrounding plant life on the shoreline are also 
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coated and vegetation rates decrease. Photosynthesis of plants is also affected below the water, where 

light intensity is decreased by 90%, two meters below the surface because of oil "flushing". Long-term 

effects, although still being studied, are based on the chemical messaging that is adversely affected by oil 

compounds in the water. Similarly they also might be involved and enter in the marine food chain. These 

facts helped increase awareness, inform the public and change policy on oil tanker practices.  

3 Soil Pollution 

Soil pollution is the presence of man-made chemicals or other alteration in the natural soil environment. 

This type of contamination typically arises from the rupture of underground storage tanks, application of 

pesticides, percolation of contaminated surface water to subsurface strata, leaching of wastes from landfills 

or direct discharge of industrial wastes to the soil. The most common chemicals involved are petroleum 

hydrocarbons, solvents, pesticides, lead and other heavy metals. This occurrence of this phenomenon is 

correlated with the degree of industrialization and intensity of chemical usage. 

3.1 Sources and Causes  

Soil contamination can come from widespread sources or from concentrated, localized sources. 

Industrial pollution is often accidental, caused by spillage during loading/unloading, broken pipes, etc. 

However, it is sometimes chronic and more insidious, for example when an underground tank leaks for 

years or small amounts of liquid spill onto a cracked cement slab week after week. 

Table: 3 Various Soil Contaminants depending on the type of pollution as shown 

in the table below. 

Pollution source Contaminants 

Spreading of processed municipal and industrial 
sludge and liquid manure 

Nitrates, phosphates, heavy metals  

Use of pesticides and herbicides More or less persistent compounds 

Industry Heavy metals, hydrocarbons, acids, solvents, tar, 
radioactive substances, other more or less persistent 
compounds, etc. 

Fall-out from urban and industrial atmospheric 
pollution 

Heavy metals, dioxins, acids, etc ... 

Hydrocarbon storage (from gas stations to oil 
depots) 

Hydrocarbons 

Landfills Heavy metals, microorganisms, acids, various 
chemical products associated with industrial waste, 
etc 

Ammunition depots, former battlefields Complex  and persistent compounds 

(Table: Soil Pollution and their Sources) 

 

javascript:openLexiqueEnv('/en/corporate-social-responsibility/special-reports/soil-protection/soil_glossary_7759.htm?template=reportLexique.htm#H')
javascript:openLexiqueEnv('/en/corporate-social-responsibility/special-reports/soil-protection/soil_glossary_7759.htm?template=reportLexique.htm')
javascript:openLexiqueEnv('/en/corporate-social-responsibility/special-reports/soil-protection/soil_glossary_7759.htm?template=reportLexique.htm#H')
javascript:openLexiqueEnv('/en/corporate-social-responsibility/special-reports/soil-protection/soil_glossary_7759.htm?template=reportLexique.htm#H')
javascript:openLexiqueEnv('/en/corporate-social-responsibility/special-reports/soil-protection/soil_glossary_7759.htm?template=reportLexique.htm#H')
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3.2 Social Effects 

Soil contamination leads to health risks due to direct and indirect contact with contaminated soil. Soil 

pollution causes huge disturbances in the ecological balance and the health of the organisms is under risk. 

The effects of pollution on soil are quite disturbing and can result in huge disturbances in the ecological 

balance and health of living beings on earth. Normally crops cannot grow and flourish in a polluted soil. 

However if some crops manage to grow, then these crops might have absorbed the toxic chemicals in the 

soil and might cause serious health problems in people consuming them.  Sometimes the soil pollution is in 

the form of increased salinity of the soil. In such a case, the soil becomes unhealthy for vegetation, and 

often becomes useless and barren. When soil pollution modifies the soil structure, deaths of many 

beneficial soil organisms (e.g. earthworms) in the soil could take place. Other than further reducing the 

ability of the soil to support life, this occurrence could also have an effect on the larger predators (e.g. birds) 

and force them to move to other places, in the search of food. People living near polluted land tend to have 

higher incidences of migraines, nausea, fatigue, skin disorders and even miscarriages.  Depending on the 

pollutants present in the soil, some of the longer-term effects of soil pollution include cancer, leukemia, 

reproductive disorders, kidney and liver damage, and central nervous system failure.  

(PDF) Soil pollution: Causes, effects and control. Available from: 

https://www.researchgate.net/publication/289281444_Soil_pollution_Causes_effects_and_control [accessed Jul 30 2018]) 

4 Solid Waste 
 

What is solid waste? 

Since the beginning, humankind has been generating waste, be it the bones and other parts of animals 

they slaughter for their food or the wood they cut to make their carts. With the progress of civilization, the 

waste generated became of a more complex nature. At the end of the 19th century the industrial revolution 

saw the rise of the world of consumers. Not only did the air get more and more polluted but the earth itself 

became more polluted with the generation of non-biodegradable solid waste. The increase in population 

and urbanization was also largely responsible for the increase in solid waste. 

Each household generates garbage or waste every day. Items that we no longer need or do not have any 

further use, falls in the category of waste. There are different types of solid waste depending on their 

source. In today‘s polluted world, learning the correct methods of handling the waste generated has 

become essential. Segregation is an important method of handling solid waste. One of the important 

methods of managing and treating wastes is composting.  

 

 

 

https://www.researchgate.net/publication/289281444_Soil_pollution_Causes_effects_and_control
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4.1 Sources and Causes  

Solid waste can be classified into different types depending on their source: 

a) Household waste is generally classified as municipal waste,  

b) Industrial waste as hazardous waste, and  

c) Biomedical waste or hospital waste as infectious waste.  

4.2 Municipal solid waste 

Municipal solid waste consists of household waste, construction and demolition debris, sanitation residue, 

and waste from streets. This garbage is generated mainly from residential and commercial complexes. With 

rising urbanization and change in life style and food habits, the amount of municipal solid waste has been 

increasing rapidly. In India over 377 million urban people live in 7,935 towns and cities and generate 62 

million tonnes of municipal solid waste per annum, out of which only 43 million tonnes of the waste is 

collected, 11.9 million tonnes is treated and 31 million tonnes is dumped in landfill sites.  The existing 

landfills are neither well equipped nor well managed and are not lined properly to protect against 

contamination of soil and groundwater. 

https://www.downtoearth.org.in/blog/india-s-challenges-in-waste-management-56753 

Table: 4 There are different categories of waste generated, each take their own time to 
degenerate as illustrated in the table below. 

 

 

 

 

 

 

 

 
 
 
 

(Source: http://coe.mse.ac.in/solitewaste.asp 
https://www.down2earthmaterials.ie/2013/02/14/decompose/) 

 

Table 1.4 :-The type of litter we generate and the approximate time it 

takes to degenerate 

Type of litter Approximate time it takes to 

degenerate the litter 

Organic waste such as vegetable and 

fruit peels, leftover foodstuff, etc.  

a week or two. 

Paper 10–30 days  

Cotton cloth  2–5 months 

Wood  10–15 years 

Woolen items  1 year 

Tin, aluminum, and other metal items 

such as cans  

100–500 years 

Plastic bags  500-1000 years 

Plastic bottles 70-450 years 

Glass bottles undetermined 

https://www.downtoearth.org.in/blog/india-s-challenges-in-waste-management-56753
http://coe.mse.ac.in/solitewaste.asp
https://www.down2earthmaterials.ie/2013/02/14/decompose/
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4.3 Hazardous waste 

Hazardous waste is a waste with properties that make it dangerous or potentially harmful to human health 

or the environment. The universe of hazardous wastes is large and diverse. Hazardous wastes can be 

liquids, solids, contained gases, or sludges. 

 

The study estimates that nearly 74.6 lakh tonnes of hazardous waste is generated in India annually. Of this, 

waste which can be disposed in landfills constitutes for about 34.1 lakh tonnes or 46 per cent of the total. 

Recyclable hazardous waste consists of 33.5 lakh tonnes or 45 per cent of the total. 

 

(Source: https://swachhindia.ndtv.com/indias-deadliest-waste-pile-up-the-rising-rate-of-hazardous-wastes-7856/) 

4.4 Hospital waste 

Hospital waste is generated during the diagnosis, treatment, or immunization of human beings or animals 

or in research activities in these fields or in the production or testing of biological. It may include wastes like 

sharps, soiled waste, disposables, anatomical waste, cultures, discarded medicines, chemical wastes, etc. 

These are in the form of disposable syringes, swabs, bandages, body fluids, human excreta, etc. This 

waste is highly infectious and can be a serious threat to human health if not managed in a scientific and 

discriminate manner.  

India is generating 550.9 tonnes of medical waste per day and it is likely to generate about 775.5 tonnes of 

medical waste per day by 2022 at an annual growth rate of 7%. (The Associated Chambers of Commerce 

and Industry of India). 

4.5 Social Effects 

Groundwater Contamination 

If waste isn't discarded properly on land, when it rains the waste is soaked and is then carried through the 

landfill, eventually making its way into the water you may drink. Especially dangerous chemicals are volatile 

organic compounds, or VOCs, which usually come from household cleaners and industrial solvents used in 

operations like dry cleaning. These compounds have been linked to everything from cancers to birth 

defects.  

 

Disease Outbreaks 

Another danger, especially with open pits, comes from the spread of diseases--usually carried by rodents 

and bugs. An example of this is malaria, which festers in open areas with standing water and particularly 

hot and muggy temperatures. In addition, there may be a propensity for people to scavenge wastes in 

landfills and open pits, which again can create unsanitary conditions and aid the spread of disease.  

 

 

 

https://swachhindia.ndtv.com/indias-deadliest-waste-pile-up-the-rising-rate-of-hazardous-wastes-7856/
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Habitat Destruction 

Disposal locations may encroach upon existing habitat for native flora and fauna, especially when sited in 

areas near wetlands. In some cases, people have taken steps to reclaim the land by capping the landfill 

and later attempting to grow vegetation on it.  

 

Climate Change 

As waste begins to break down, methane is produced. Methane is considered a greenhouse gases that is 

responsible for some of the spike in the earth's temperatures.  

 

Air Quality 

When wastes are burned, especially toxic chemicals like dioxin, they're released into the surrounding 

environment and can then cause serious public health risks.  

 

Cumulative Health Effects 

Even low concentrations of toxins can eventually build up inside body tissue to become negative to a 

person's health. Common pesticides such as DDT and Dioxin have low concentrations in water because 

they are not readily soluble in water, but can dilute within animal fats. In humans, the buildup of toxins leads 

to sickness. Animals can become sick and pass toxins on to predators.  

5 Noise Pollution 

Noise pollution (or environmental noise) is displeasing human-, animal- or machine-created sound that 

disrupts the activity or balance of human or animal life. The word noise comes from the Latin word Nausea 

meaning seasickness. 

5.1 Sources and Causes  

The source of most outdoor noise worldwide is transportation systems, including motor vehicle noise, 

aircraft noise and rail noise. Poor urban planning may give rise to noise pollution, since side-by-side 

industrial and residential buildings can result in noise pollution in the residential area. 

Other sources of indoor and outdoor noise pollution are car alarms, emergency service sirens, office 

equipment, factory machinery, construction work, grounds keeping equipment, barking dogs, appliances, 

power tools, lighting hum, audio entertainment systems, loudspeakers, and noisy people 

The sources of noise pollution vary. In some places noise from construction projects predominates, while in 

others it is vehicular traffic or noise from airports. Other sources include the noise in occupational settings 

or even the noise of simultaneous conversations. It also seems from a number of studies that intermittent 

noise is more of a problem than noise of a similar intensity which is constant. 

 

http://www.ehow.com/greenhouse/
http://www.ehow.com/about_5074838_effects-improper-solid-waste-disposal.html##
http://en.wikipedia.org/wiki/Natural_environment
http://en.wikipedia.org/wiki/Noise
http://en.wikipedia.org/wiki/Nausea
http://en.wikipedia.org/w/index.php?title=Transportation_systems&action=edit&redlink=1
http://en.wikipedia.org/wiki/Motor_vehicle
http://en.wikipedia.org/wiki/Aircraft_noise
http://en.wikipedia.org/wiki/Urban_planning
http://en.wikipedia.org/wiki/Lighting
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5.2 Social Effects  

 

Noise pollution affects nearly every aspect of life and probably has damaging physical effects as well. The 

best-studied and best-defined effect on physical health is the effect of noise on hearing. The research 

results are clear: loud or sustained noise can damage hearing. The source of the noise is not very 

important; it can be a pile driver or rock music. What is important is that it can have a lasting impact. 

Noise pollution also impacts people's sleep. It can result in mood problems and adversely affect job 

performance. 

 Several research studies suggest that noise can cause high blood pressure. Others say that psychiatric 

diseases can be caused by noise. Some of these studies are controversial and are contested by other 

researchers because so many variables such as age, overall state of health, diet, smoking and drinking 

habits, socioeconomic factors, and other sources of environmental and social stress must also be taken 

into account.  

6 Light Pollution 

 Light pollution is one of the least known types of pollution, but its effects on human health and the 

environment can be just as serious as some better-known forms of pollution.  

The alteration of the natural quantity of light in the night environment due to the introduction of artificial light 

is a true pollution. ―Pollution‖ means ―impairment of the purity of the environment‖. Light pollution stands for 

―pollution of the light‖: pollution of the natural light due to manmade light.  

Light pollution is probably best described as artificial light that is allowed to illuminate, or pollute, areas not 

intended to be lit.  

Light pollution is most severe in large cities and other built-up areas, but can be a problem in rural areas as 

well. Light is one of the most difficult pollutants to identify, because one person's irritating light pollutant is 

another's expensive billboard, or beautifully lit patio. 

6.1 Sources and Causes 

There are five basic types of light pollution: 

Light Trespass is one of the most annoying. A streetlight or a neighbor's porch light that shine through 

your window from outside is an example of light trespass.  

Glare is a more dangerous type of light pollution. It is caused by excessive contrast between light and dark 

areas in a field of vision, and it particularly affects road safety. Excessively bright or badly shielded lights 
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can temporarily blind drivers or pedestrians, leading to accidents. Such lighting can also impact on the 

ecology and wildlife of an area, and affect the behavioral patterns of mammals, birds, insects and fish.  

Another form of light pollution that commonly affects road safety is clutter. Clutter refers to excessive 

groupings of lights, especially bright or flashing lights, which can distract or confuse drivers.  

Over-illumination refers simply to the excessive or inefficient use of lighting. Leaving lights on when they 

are not being used is over-illumination; so is poorly designed lighting that illuminates areas that don't need 

to be illuminated, or illuminates areas more brightly than necessary.  

Sky Glow refers to the "glow" effect that appears over populated areas at night. It is primarily a 

combination of reflected light from illuminated areas and badly directed light escaping into the sky, where it 

is scattered by the atmosphere and redirected back at the ground.  

Light pollution is an offshoot of industrialization. Lighting, advertising, commercial properties, offices, 

factories, streetlights, and illuminated sporting venues are some of the sources of light pollution. This form 

of pollution is most severe in highly industrialized, densely populated areas of North America, Europe, and 

Japan, but even relatively small amounts of light are enough to cause discomfort and problems.  

Artificial light gets up into the sky in two ways. By far the greater proportion of upward light arises because 

the design or installation of many light fittings allows a significant fraction of the light produced to be emitted 

above the horizontal, so it goes up into the sky - this is the direct upward light. A much smaller proportion is 

upward light which is reflected upwards from roads, pavements and buildings - this is the indirect upward 

light. 

6.2 Social Effects  

In addition to the effects on road safety described above, light pollution affects human health in other ways.  

Over-illumination both during the way and at night has been shown to lead to increased headaches and 

anxiety levels, higher levels of worker fatigue and stress, insomnia, and decreased sexual functioning.  

Night-time exposure to light reduces the body's natural production of melatonin, an important hormone that 

helps regulate the immune system and serves as an antioxidant, among other functions. Reduced 

melatonin levels are believed to be responsible for unusually high rates of cancer in night workers, and 

women exposed to light at night through bright master bathroom nightlights or similar have increased rates 

of breast cancer. Unusually low levels of melatonin have also been observed in individuals with autism, 

though the exact causes and effects of this correlation are unknown at this time.  

Light pollution also has environmental effects. Migrating birds, nocturnal moths, and sea turtle hatchlings 

are among the animals known to be disoriented by excessive illumination, sometimes fatally. At least 4-5 

million birds per year are estimated to die due to collisions caused by light pollution. Light pollution has also 
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been associated with an increase in algae blooms on lakes, which can lower water quality and kill aquatic 

plants and animals.  

7 Thermal Pollution 

The broadest definition of thermal pollution is the degradation of water quality by any process that changes 

ambient water temperature. Thermal pollution is usually associated with increases of water temperatures in 

a stream, lake, or ocean due to the discharge of heated water from industrial processes, such as the 

generation of electricity. Increases in ambient water temperature also occur in streams where shading 

vegetation along the banks is removed or where sediments have made the water more turbid. Both of these 

effects allow more energy from the sun to be absorbed by the water and thereby increase its temperature. 

There are also situations in which the effects of colder-than-normal water temperatures may be observed. 

For example, the discharge of cold bottom water from deep-water reservoirs behind large dams has 

changed the downstream biological communities in systems such as the Colorado River.  

7.1 Sources and Causes  

The major sources of thermal pollution are electric power plants and industrial factories. In most electric 

power plants, heat is produced when coal, oil, or natural gas is burned or nuclear fuels undergo fission to 

release huge amounts of energy. This heat turns water to steam, which in turn spins turbines to produce 

electricity. After doing its work, the spent steam must be cooled and condensed back into water. To 

condense the steam, cool water is brought into the plant and circulated next to the hot steam. In this 

process, the water used for cooling warms 5 to 10 Celsius degrees (9 to 18 Fahrenheit degrees), after 

which it may be dumped back into the lake, river, or ocean from which it came. Similarly, factories 

contribute to thermal pollution when they dump water used to cool their machinery.  

7.2 Social Effects  

The primary effects of thermal pollution are direct thermal shock, changes in dissolved oxygen, and the 

redistribution of organisms in the local community. Because water can absorb thermal energy with only 

small changes in temperature, most aquatic organisms have developed enzyme systems that operate in 

only narrow ranges of temperature. These stenothermic organisms can be killed by sudden temperature 

changes that are beyond the tolerance limits of their metabolic systems. The cooling water discharges of 

power plants are designed to minimize heat effects on local fish communities. However, periodic heat 

treatments used to keep the cooling system clear of fouling organisms that clog the intake pipes can cause 

fish mortality. A heat treatment reverses the flow and increases the temperature of the discharge to kill the 

mussels and other fouling organisms in the intake pipes. Southern California Edison had developed a "fish-

chase" procedure in which the water temperature of the heat treatment is increased gradually, instead of 

rapidly, to drive fish away from the intake pipes before the temperature reaches lethal levels. The fish 

chase procedure has significantly reduced fish kills related to heat treatments.  

http://encarta.msn.com/encyclopedia_761563866/Turbine.html
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Small chronic changes in temperature can also adversely affect the reproductive systems of these 

organisms and also make them more susceptible to disease. Cold water contains more oxygen than hot 

water so increases in temperature also decrease the oxygen-carrying capacity of water. In addition, raising 

the water temperature increases the decomposition rate of organic matter in water, which also depletes 

dissolved oxygen. These decreases in the oxygen content of the water occur at the same time that the 

metabolic rates of the aquatic organisms, which are dependent on a sufficient oxygen supply, are rising 

because of the increasing temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Manual on Cleaner Production                        23 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

REACTIVE ―POLLUTION CONTROL‖ &                 

PROACTIVE ―POLLUTION PREVENTION‖ 

 
Historically, the environmental pollution problems have been addressed through treating of existing waste 

using End of pipe treatment technologies rather than focusing on ‗proactive‘ approach such as ‗prevention 

of pollution‘ (Cleaner Production). 

So far the businesses have responded to pollution in four ways: 

1. Firstly, by ignoring the problem. This always leads to maximum damage to the environment. This 

damage is not limited only to the local-scale or neighborhood; it can occur at the regional and in 

some cases even the global scales. 

 

2. Secondly, by prescribing to the doctrine ―the solution to pollution is dilution‖;                                             

i.e. by diluting or dispersing pollution so that its effects are less harmful or apparent. 

 

3. Thirdly, by trying to treat pollution through the so called end-of-pipe approach. 

 

4. Fourthly, (most recently), through the prevention of pollution and waste generation at source itself. 
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End-of-pipe, pollution control, methods often results in increased costs with no appreciable benefits to the 

firm in terms of enhanced materials or energy efficiency. In contrast, prevention and recycling investments 

often not only lower energy and material usage but also reduce end-of-pipe treatment costs, resulting in 

decreased disposal expenditures, possible reduced paperwork, and lower liability and insurance costs. 

The purpose of this chapter is to aware the readers about fundamental of pollution prevention concept such 

as Cleaner Production: Concept, tools and methodologies and to prepare them for action in the future. It is 

aimed at university students and professionals who would like to acquire training in CP, or to learn about its 

main concepts in order to incorporate these into a more heterogeneous view of environmental techniques. 

It is conceived as a guide to introduce CP to future professionals, using experience gained during the 

development period of CP.  

Since the 1960‘s, mostly, problems with emissions of pollutants from industrial sources to the environment 

were addressed by the utilization of end of pipe pollution control technologies. These approaches reduced 

the direct release of some pollutants to achieve regulatory compliance but did not really solve the problems. 

Often, the pollutants were only transferred from one sink to the other. Additionally, end-of-pipe treatment is 

very cost intensive with huge operation and maintenance charges. 

Since 1972, pollution control patterns have begun to change. During the 1970s and 1980s, various 

concepts and strategies emerged, such as minimization of wastes, source reduction instead of end-of-pipe 

treatment, pollution prevention, and "no or less" waste generation process. 

Cleaner production (CP) on the contrary is a common sense approach: Instead of treating waste and 

emissions in end-of-pipe treatment plants, we try to define ways to prevent the production of the pollutants. 

This approach includes organizational changes, motivation and training for good housekeeping as well as 

changes in raw materials, process technology, internal and external recycling. The basic idea is a change 

of the end-of-pipe question: ―What shall we do with waste and emissions?‖ to the cleaner production 

question: ―Where do waste and emissions come from and what can we do to prevent their production at the 

source?‖  
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CLEANER PRODUCTION (CP) CONCEPT 

The concept of Cleaner Production (CP) was developed in the year 1992, during the preparation of the Rio 

Summit as a programme of United Nations Environment Programme (UNEP) and United Nations Industrial 

Development Organization (UNIDO) with aim to reduce environmental impact of the industries. 

Cleaner production is a pro-active and integrated solution to pollution problems by eliminating or reducing 

pollutants at the source during the course of production processes. 

Cleaner production, with great vitality and buoyancy, begins a new era of "Pollution Prevention" in the 

history of environmental protection and will become the best approach for pollution control in this new 

century. Cleaner Production concepts have consequences for the whole life cycle of a product and can 

foster improvements in product design, selection of raw materials, efficiency in production and/or energy 

usage, safety during manufacture and consumer use, reparability, and recyclables. 

More specifically, Cleaner Production aims to reduce  the consumption of natural resources per unit of 

production, the amount of pollutants generated, and their environmental impact, while making alternative 

products and processes financially and politically more attractive. Cleaner Production is a forward-looking, 

'anticipate and prevent' philosophy. 

Cleaner Production is about changing attitudes, and evaluating technology options. Cleaner Production is a 

concept that goes beyond simple pollution control; it involves active research and development in new 

structures, systems, processes, materials and products that are more resource and energy efficient. 

Understanding cleaner production 

Cleaner production is about considering the entire life cycle of products, including: 

 product design   

 selection of raw materials  

 production and assembly of the final product  

 consumer use  

 managing all used products at the end of their life  

Conventional production  

 Processes not designed for waste prevention  

 No use of by-products  

 Expensive end-of-pipe pollution control technology  

 Expensive waste treatment, transport and disposal  
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Cleaner production  

 Processes designed for minimum waste  

 Maximum use of by-products  

 Savings through reduced pollution control technology, and reduced waste treatment, transport and 

disposal  

 Zero waste  

 Minimal impact on the environment  

Definition of Cleaner Production by United Nations Environment Programme (UNEP) 

“Cleaner Production is the continuous application of an integrated, preventive environmental strategy 

towards processes, products and services in order to increase overall efficiency and reduce damage 

and risks for humans and the environment.”– UNEP 

 

 

 

 

 

 

 

 

 

―Cleaner Production is a concept that goes beyond simple pollution control, it involves active research and 

development in new structures, systems, processes, materials and products that are more resource and 

energy efficient‖. 

    Cleaner production specifically focuses on: 

 Production processes: conserving raw materials and energy, eliminating toxic raw materials, and 

reducing the quantity and toxicity of all emissions and wastes before they leave a process. 

 Products: reducing the environmental impact along the lifecycle of product, from raw materials 

extraction to its ultimate disposal. 

 Services: incorporating environmental concerns into designing and delivering services. 

We all know a clean, healthy environment is important for our future. Cleaner production can help in 

protection of our natural environment. By reducing our demand on non-renewable resources, and recycling 

and re-using products and resources, we can reduce impact on the natural environment.  

Present production systems are linear. Cleaner production systems are cyclical. They try to imitate nature‘s 

processes. Wastes are used as secondary materials so that fewer new materials and less energy and 

water are required.  

ENVIRONMENTAL 
STRATEGY 

 

Continuous 

Preventive 

Integrated 

Processes 

Products 

Services 

RISK 
REDUCTION 

 

Humans 

Environment 
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Cleaner Production 

is a Preventive, Integrated 
Environmental Strategy 

Applied to the Entire 
Production & Service Cycle 

 
Products: 
 Reduction of waste 

through better design 

 Use of waste for new 
products 

 

Services: 
 Efficient 

environmental 
management in 
design and delivery 

 

Processes: 
 Conversation of raw 

material, energy, 
water  

 Reduction of 
quantity/toxicity of 
emissions at source 

 Evaluation of 
technology options 

 Reduction of costs 
and risks 

 

Impact: 
 Improved efficiency 

 Better environmental 
performance 

 Increased competitive 
advantage 
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 Environment Management Ladder 

 

 

 

 

 

 

 

Possible environmental management strategies for industrial estates (see the ‗Ladder of Environmental 

Management‘, right) range from providing a minimum of services such as solid waste disposal and sewage 

treatment to more comprehensive approaches in which the estate authority plays an active role in 

encouraging resource conservation and waste reduction. At the top of the ladder are those industrial 

estates that have been designed as industrial ecosystems, in which waste materials and energy from some 

industries are used as inputs by others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     ECO /GREEN INDUSTRIAL PARK 

                   CLEANER PRODUCTION 

                  ENVIRONMENT MANAGEMENT SYSTEM 

                 ENVIRONMENT MONITORING &AUDITING 

                WASTE REDUCTION          

              CONSERVATION OF ENERGY 

           CONSERVATION OF WATER 

         WASTE MANAGEMENT 

      EFFLUENT TREATMENT 

  SOLID WASTE DISPOSAL 

NO MANAGEMENT 
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DIFFERENCE BETWEEN END-OF-PIPE TREATMENT  

 & CLEANER PRODUCTION 

The table illustrates the difference between end-of-pipe technologies and cleaner production in the sense of 

production integrated environmental protection. 

 

End- of- Pipe Technology Cleaner Production 

How can we treat existing waste and emissions ? Where do waste and emissions come from ? 

Stands for re-action Stands for action 

Generally leads to additional costs  Can help to reduce costs 

Waste and Emissions are REDUCED 

 End of pipe solutions 

 Repair Technology 

Waste and Emission prevention at the source 
avoids potentially toxic processes and materials 

Environmental Protection comes in after products 
and processes have been developed 

Environmental Protection comes in as an integral 
part of product design and process engineering 

Environmental problems are solved from a 
technological point of view 

Environmental problems are tackled at all levels / 
in all fields 

Environmental Protection is a matter for 
competent experts 

Environmental Protection is everybody‘s business  

Is bought from outside  Is an Innovation developed within the company 

Increases material and energy consumption Reduces Material and energy consumption 

Increased Complexity and Risks Reduces Risks and Increased Transparency 
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Introduction: End-of-Pipe (EOP) Treatment 

End-of-pipe (EOP) method that was being urged by lazy polluters who wanted to make no basic changes. 

Imagine a pipe with chemical waste that is discharging pollution into a river. Do you add a treatment box 

onto the end of the pipe or try to mitigate the worst features of what is pouring out, such as filtering it or 

treating it with additional chemicals. Or do you go back to the process that produces that pollution and 

research why it is being produced, then change the process so that the discharge no longer occurs ? 

At the heart of this new approach is the idea that pollution is waste and that its prevention may have 

economic as well as environmental benefits. In the long run it is more efficient to eliminate waste from the 

production process than to spend large amounts of money to clean up after it has been created. Eliminating 

waste at the source, or source reduction, involves goal setting aimed at minimizing the environmental 

impact of a firm‘s operations.  

End-of Pipe Approach (In 1970s) Recognizing the limitations in passive waste management methods such 

as dilute and disperse, concentrate and contain, technologies were developed in 1970s to purify wastes 

and pollutants at the end of the emission pipes. Although end-of-pipe approach was effective to a certain 

extent, it generally produces by-products like sludge which has to be dumped or burned that consequently 

causes other environmental impact. Furthermore, the system does not reduce the amount of waste 

production; it transfers pollution from one medium to another medium; it does not eliminate pollution entirely 

and had limitations to solve environmental problems in their whole complexity. In addition, eco-efficient 

technologies for end of pipe waste treatments are so expensive. Hence, end of pipe methods often resulted 

in increased costs with no appreciable benefits to industries in terms of enhanced materials or energy uses. 

As a result, recycling wastes and resource recovery methods were evolved in 1980s; which were actually 

better mechanisms of resource use and waste minimization tactics over the end-of pipe strategy. 

End-of-Pipe Treatment is methodology which focuses on reducing the waste after its generation or 

treating the existing waste. It is used to remove the formed pollutants from air, water, waste or product. 

They are called ‗end-of-pipe‘ because they usually represent the last stage of a process before the stream 

is disposed or released to the environment. 

In EOP treatment, the first question will be how to treat existing waste and emissions? 

Environmental problems can solved only from a technological point of view in EoP Treatment. 

EOP Treatment focuses on how to treat existing waste and emissions: 

 Effluent Treatment Plant (ETP) 

 Common Effluent Treatment Plant (CETP) 

 Treatment, Storage and Disposal Facility (TSDF) Sites 

 Municipal Solid Waste Disposal (MSW) Sites can be considered as the examples of EOP 

Solutions as they focus on treatment or disposal of waste and emissions. 
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 Common Hazardous Waste Incineration Facility (CHWIF) 

 Multi Effect Evaporator (MEE) 

 Incinerator 

 Plasma Gasification  

 Bag Filter 

 Electrostatic Precipitator (ESP) and etc…. 

EOP method is used to remove already formed contaminants from a stream of air, water, waste, product or 

similar. These techniques are called 'end-of-pipe' as they are normally implemented as a last stage of a 

process before the stream is disposed of or delivered. 
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   End-of-pipe Treatment 
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Gujarat Efforts Towards Better Environment 

 

‗Reactive Steps towards Pollution Control‘ 
 

TREATMENT OF EFFLUENT THROUGH COMMON EFFLUENT TREATMENT PLANTS (CETPs) 

 

The operation and maintenance of effluent treatment plant (ETP) for individual industries is challenging 

task. To overcome the issue of inadequate treatment of waste water, the concept of Common Effluent 

Treatment Plant (CETPs) were introduced in early 1990s. As a part of this the concept of Common Effluent 

Treatment Plant (CETP) was materialized in Gujarat and first CETP of 55 MLD was constructed at 

Vapi. This was implemented in some of the GIDC estates and clusters of industries located in close 

proximity. This concept prompted industries individually to treat the waste water to achieve inlet norms of 

the CETPs, and thus helped to reduce financial and manpower burden on individual industries. 

 

Presently 41 CETPs are there in Gujarat, out of which 33 CETPs are operational and 7 CETPs are either 

proposed or at commissioning / construction phase and one CETP is ready for commissioning. Out of 33 

operating CETPs, 9 CETPs are for treating effluent generated from textile sectors, 2 for electroplating 

sector while rest are for chemical and other allied industries. The total capacity of 33 operational CETPs of 

Gujarat is 574.93 MLD. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source:  (Gujarat Pollution Control Board) https://gpcb.gov.in/status-of-cepts-in-gujarat.htm 

 

 

 

 

 

 

 

 

 

https://gpcb.gov.in/status-of-cepts-in-gujarat.htm
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EFFLUENT COLLECTION SYSTEM 

GIDC has provided net work of underground collection system with pumping stations to collect treated 

effluent from each unit in all its 15 major chemical estates. 
Source:  (Gujarat Industrial Development Corporation)  http://gidc.gujarat.gov.in/recent_initiatives.html  

 

DISPOSAL OF TREATED EFFLUENT 

For proper disposal of treated effluent (wastewater) ‗Marine Diffuser System‘ are located at 3 places in 

Gujarat  
Source:  (Gujarat Pollution Control Board) 

 

DISPOSAL OF SOLID WASTE 

For solid waste disposal 7 Common Hazardous Wastes Incineration Facilities (CHWIF) are identified in 

Gujarat out of which 6 are in operation and 1 is closed. 

Source:  (Gujarat Pollution Control Board) https://gpcb.gov.in/hazardous-wastes-facilities-in-gujarat.htm  

 

TREATMENT STABILIZATION DISPOSAL FACILITIES (TSDF) 

For proper treatment and disposal of Hazardous Waste 10 Common Hazardous Waste TSDF (Treatment 

Stabilization Disposal Facilities) are located in Gujarat out of which 7 are in operation 3 is closed. 
Source:  (Gujarat Pollution Control Board) https://gpcb.gov.in/hazardous-wastes-facilities-in-gujarat.htm  

 

SEWERAGE TREATMENT PLANTS  (STPs) 

In the state of Gujarat there are total 32 nos. of Operational Sewerage Treatment Plants (STPs) having 

operational capacity of  2111.64 MLD.  
Source:  (Annexure referred to Rajya Sabha Unstarred Question No. 3972 for answer on 06/04/2017 regarding ‗Sewage 

Treatment Plants in the Country‖) 

 

 

 

 

 

 

 

 

http://gidc.gujarat.gov.in/recent_initiatives.html
https://gpcb.gov.in/hazardous-wastes-facilities-in-gujarat.htm
https://gpcb.gov.in/hazardous-wastes-facilities-in-gujarat.htm
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Drawbacks of End-of-Pipe Treatment 

Cleaner Production reduces resource use and / or pollution at the source by using cleaner production 

methods, whereas end-of-pipe technologies curb pollution emissions by implementing add-on measures. 

Thus, cleaner production technologies are frequently seen as being superior to end-of-pipe technologies for 

both environmental and economic reasons. 

End of Pipe Treatment methods which were being urged to adopt in response to growing environmental 

concerns and legislative pressures did not prove to be very popular, as they failed to provide economic 

incentives to the units. By and large, industries were reluctant to adopt these practices.   

End-of-Pipe Treatment Technologies are costly and energy intensive solution. It focuses on ‗control‘ or 

‗treatment‘ of pollution rather than the prevention of waste at source. EOP generally leads to additional 

costs. 

During EOP the environmental protection measures considered after products and processes have been 

developed.  

EOP… 

 cannot  reduce waste from its source 

 increases complexity and risks 

 increases material and energy consumption 

 generally leads to additional costs 

 environmental protection comes in after products and processes have been developed 

 it is the result of a production paradigm dating from a time when environmental problems were not 

as yet known 

 Limited options available for minimization of waste or emission. 

Benefits of Cleaner Production: Environment, Health & Safety  

Cleaner production reduces resource use and/or pollution at the source by using cleaner products and 

production methods, whereas end-of-pipe technologies curb pollution emissions by implementing add-on 

measures. Thus, cleaner products and production technologies are frequently seen as being superior to 

end-of-pipe technologies for both environmental and economic reasons.  

Stringent workplace health and safety legislation and the risk of company liability have meant many 

industries are now seeking to find safer and more environmentally friendly alternatives — for example, 

eliminating the use of hazardous chemicals for cleaning or processing. But apart from improving the 

economic and environmental performance, cleaner production can also improve the occupational health 

and safety conditions for the employees. Favorable working conditions can boost the morale of staff and at 
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the same time foster a concern for controlling waste. Such actions will help your company gain a 

competitive edge. 

It can enhance public image for the company by encouraging an environmentally friendly or ‘green‘ image 

for your company is seen as a marketing opportunity as consumers become increasingly aware of 

environmental concerns related to industries.  

Risk assessment is also a part of Cleaner Production Assessment in which helps employees in acquiring 

the necessary attitude, knowledge and skills in order to be competent in using Personal Protective 

Equipment (PPE) for handling and use of chemicals. 

 

 

 

 

  

 

 

 

 

 

 

The advantages of implementing CP are multifaceted 

Properly Implemented CP 

Always 

 Reduces long-term liabilities which companies can face many years after pollution has been 

generated or disposed at a given site 

 

Usually 

 Increases profitability 

 Lowers production costs 

 Enhances productivity 

 Lowers risks and liability 

Benefits of CP 

Improving 
Environmental 

Situation 
Increasing 
economical 

benefits 

Continuous 
Environmental 
improvement 

Increasing 
Productivity 

Gaining 
competitive 
advantage 

 

http://scholar.google.co.in/scholar_url?url=https://pdfs.semanticscholar.org/8688/6aad4ff0e3d649b822f40ee0791498b896d2.pdf&hl=en&sa=X&scisig=AAGBfm1GkET515grByTFL3hcidvZ6xwfBg&nossl=1&oi=scholarr&ved=0ahUKEwi5nraDrqXaAhVGgI8KHd4cDRYQgAMIKSgBMAA
http://scholar.google.co.in/scholar_url?url=https://pdfs.semanticscholar.org/8688/6aad4ff0e3d649b822f40ee0791498b896d2.pdf&hl=en&sa=X&scisig=AAGBfm1GkET515grByTFL3hcidvZ6xwfBg&nossl=1&oi=scholarr&ved=0ahUKEwi5nraDrqXaAhVGgI8KHd4cDRYQgAMIKSgBMAA
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 Improves Company Image 

 Improves worker‘s health safety conditions 

 Reduces Waste Treatment and Disposal Costs 

 CP Saves costs on raw material, water and energy 

 CP makes companies more profitable and competitive  

 Provides a rapid return on any capital or operating investments required 

 Increases product yield 

 Leads to the more efficient use of energy and raw materials 

 Results in improved product quality 

 Increases staff motivation  

 Relies on active worker participation in idea generation and implementation 

 Reduces consumer risks 

 Reduces the risk of environmental accidents is supported by employees, local communities, 

customers and the public 

 

Often  

 Avoids regulatory compliance costs 

 Leads to insurance savings 

 Provides enhanced access to capital from financial institutions and lenders is fast and easy to 

implement 

 Requires little capital investment 

 

Other CP Benefits 

Cleaner Production specifically works to advance the three dimensions of sustainable development in an 

integrated manner, by catalyzing: 

 Production Efficiency through optimization of the productive use of natural resources (materials, 

energy and water) by enterprises and other organizations; 

 

 Environmental Management through minimization of the impact on environment and nature, by 

preventing the generation of waste and emissions and improving the management and productive 

use of chemicals in enterprises and other organizations; and 
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 Human Development through minimization of risks to people and communities from enterprises 

and other organizations and supporting their own development. 

Enterprises benefit from improving productivity whilst also ensuring continued market access, 
specifically through: 

 Reduction of production costs: enterprises can save by using less energy, less water and/or less 
materials 

 Increased productivity: enterprises can earn more by being able to produce more products 
 Increased quality: as rejects and wastes are reduced, overall product quality increases that can 

attract a higher price 
 Organizational efficiency: operators, management and staff work together to reduce waste, and 

their teamwork generally improves employee well-being and motivation and enterprises can 
thereby quicker introduce change in all areas 

 CP adds value to the EMS: it places emphasis on pollution prevention rather than control, with 

clear improvement in environmental performance 

 CP does not deny growth but insists that growth can be ecologically sustainable 

 CP is not limited only to manufacturing industries of a certain type or size, it can be applied 

towards the provision of services also 

 CP emphasizes on risk reduction 

 CP improves immediate efficiency as well as long-term efficacy 

 CP is a Win-Win strategy: it benefits the environment, communities and businesses. 

 

i) Less use of raw materials and energy 
The most convincing benefit of cleaner production is its ability to reduce the consumption of 
resource and materials. 
 
Savings in energy and materials bring direct reductions in production costs, which again makes 
the company more competitive. 
 
With increasing cost of raw materials, energy and water, no company can afford to lose these 
resources in the form of waste. 

 
ii) New and improved market opportunities 

Increasing consumer awareness of environmental issues has led to a spurt in demand of green 
products in the international market. Consequently if you put in conscious efforts towards 
cleaner production, you open up new market opportunities and produce better quality products, 
saleable at a higher price. 
 

iii) Better access to finances 
Investment proposals based on cleaner production contain detailed information on the 
economic, technical and environmental feasibility of the planned investment. This gives a very 
solid basis for achieving financial support from banks or environmental funds. 
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On the international market, financial institutions are awakening to the problems of 
environmental degradation, and are now scrutinizing applications for loans from an 
environmental angle. 
 

iv) ISO 14000 
Cleaner production will make it much easier to implement an environmental management 
system such as ISO 14000. This is because most of the initial work already has been carried 
out through the cleaner production assessment. An ISO 14000 certificate can be market 
opener, giving better access to export markets. 
 
 

v) Better working environment 
Apart from improving the economic and environmental performance, cleaner production can 
also improve the occupational health and safety conditions for the employees. 
 
Favorable working conditions can boost the morale of staff and at the same time foster a 
concern for controlling waste. Such actions will help your company gain a competitive edge. 
 

vi) Better compliance with environmental regulations 
Meeting the regulatory standards for discharge of wastes (liquid, solid and gaseous) requires 
often installation of expensive and complex pollution control systems like wastewater treatment 
plants. 
 
 
With cleaner production the treatment of residual effluents normally becomes easier and 
cheaper. This is because cleaner production leads to an all-round reduction in wastes: volume-
wise; load-wise; and even toxicity-wise! 
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CP Indicators 

A key feature of the success of CP initiatives is the monitoring of performance improvements in terms both 

of increased resource productivity, and of decreased pollution intensity. The Performance Indicators enable 

companies to monitor their use of energy, water and materials and the generation of waste and emissions. 

While absolute amounts are important from the point of view of protecting environmental quality, in 

particular at the local level, they do not necessarily provide an adequate measure of the successes of CP 

initiatives. This Primer, therefore, places emphasis on linking resource use and pollution generation to 

product outputs, thereby creating relative indicators that can be tracked over time. The indicators selected 

are central to CP and are relevant to the manufacturing, processing and service sectors. The indicator 

system provides a framework for initiating and focusing CP activities, monitoring, setting targets, sustaining 

performance achievements and reporting progress. 

These indicators provide for a means to monitor results and support continuous improvement. 

Set of six CP indicators developed that is generally applicable for tracking enterprise level resource 

efficiency and pollution intensity over time in particular in small and medium enterprises. 

 

 

 

 

 

 

 

 

Productive output per unit of material consumption  

e g. in ton product /ton material  

Productive output per unit of energy consumption  
e g. in ton product / KWh 
 

Productive output per unit of water consumption  
e g. in ton product / Kl 
 



 

 

Manual on Cleaner Production                        40 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

 

 

 

 

 

 

Why Use Indicators? 

 

 

 

 

 

 

 

 

 

 

 

 

Monitor & Measuring 
Performance help 

enterprises to:  

Waste generation per unit of productive output 
e g. Waste Generated / ton product 
 

Air emissions per unit of productive output 

e g. CO2/ton product 

 

Effluent Generation per unit of productive output 
e g. Kl/ton product 
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Indicator System 

 

 

 

 

 

 

 

Indicator Types 

• Absolute Indicators 

Measure basic data in a given time frame, typically one year: 

» Kl of water used annually  

» Tons of waste generated annually  

» Annual production 

 

• Relative indicators  

Ratios of absolute indicators:  

 – Productivity ratios: amount of product output per unit of resource consumption, to 

increase over time 

 – Intensity ratios: amount of pollution generated per unit of production, to decrease over 

time 

 

 

 

 

 

1. DEFINE 

Identify the right 
performance 

measures 

2. PREPARE 

Establish the most 
suitable 

performance 
management 
framework 

4. SHOW 

Communicate company 
performance 

measures 

3. EMBED 

      Make Performance 
Measurement part 

of business 
activities 
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Relevant CP Indicators 

 
 

 

 

 

CP Indicator Calculation Tool 

• Excel‐based  

•  Includes detailed instructions  

•  Work sheets for 3 successive measurements (can be extended) 

•  Worksheets for target‐setting  

•  Basic GHG calculator  

•  GHG conversion factors can be further developed/adapted  

 

 

 

\ 

 

 

 

 

 

 

Materials Energy Water 

Business 

Waste Air Emissions Wastewater 

Product 
Output 

Change Units 

Insert Baseline Data 

Insert Follow up 
Measurements 

Table with absolute 
indicators 

Table with relative 
indicators 

RECP Profile 

Reduction or increases 
in absolute terms 
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ABSOLUTE CP INDICATORS ( Example)  

 

Indicator 

 

Unit 

 

Baseline 

(B)(Before 

CP 

Intervention) 

 

 

Year 1-                       

A (After CP 

Implementation) 

 

Reduction 

= 100*(A-

B)/B (%) 

 

Difference 

between A & B 

Resource Use 

Energy Use Kwh/tonne of product 907 717 0.20948 190 

Natural Use Sm3 /tonne of product 290 171 0.41034 119 

Water Use M3/tonne of product 8.27 7.16 0.13422 1.11 

Pollution 

Waste Water M3/tonne of product 2.89 2.27 0.21453 0.62 

Hazardous Waste Mt/Tonne of Product 0.451 0.352 0.21951 0.099 

Product Output 

Product Output:  P Tonne/Annum 33982 41169 -0.21149 -7187 

Monitoring CP Progress   

Improvements of CP Profile 

- Enterprise Level 

Compare baseline with annually updated impact profiles 

 

 

 

 

Cumulative benefits 

- Absolute benefits gained from all options 

• Total investment 

•  Total annual savings 

•  Total resource savings: Energy, Water, Materials 

•  Total environmental benefit: Waste, Effluents and Emission 
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CLEANER PRODUCTION: TOOLS 
 

Cleaner Production tools are grouped into three major categories 

 1. Waste Reduction at Source  

 2. Recycling; and 

 3. Product Modification 

 

 

 

 

 

 

 

 

 

 
 
 

A. Waste reduction at source  

Going to the source of pollution is the fundamental idea of cleaner production.  

i) Good housekeeping is the simplest type of the cleaner 
production options. Good housekeeping requires no investments 
and can be implemented as soon as the options are identified. 
 
Good housekeeping is e.g. to repair all leaks and avoid losses by 
closing water taps and turning off equipment when not needed, 
closing of taps when not in use, automized system for material 
handling using material conveyor to reduce material handling losses including providing of 
insulation systems to reduce heat losses. 
 
Even though good housekeeping is simple, it requires focus from the management and training 
of staff. 
 
 
 
 
 
 
 

Recycling 

Onsite recovery and reuse 

Creation of by-products 

Product Modification 

Changing the product 

Changing packaging 

Better process control 

Material substitution 

Equipment modification 

Technology Change 

Waste reduction at source 

Good housekeeping 

Process Change 
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ii) Process Change 
 

 Better process control is to ensure that the process conditions are 
optimal with respect to resource consumption, production and waste 
generation. 
 
 
Process parameters such as temperature, time, pressure, pH, processing speed, etc. have to 
be monitored and maintained as close to the optimum as possible. 
 
As with good housekeeping, better process control requires improved monitoring and 
management focus. 
 

 Material Substitution is to purchase higher quality materials that 
give a higher efficiency. Often there is a direct relation between the 
quality of the raw materials and the amount and quality of the 
products.  
 
Material substitution is furthermore to replace existing materials with 
some that rare environmentally better, less toxic and renewable. 
 

 Equipment modification is to improve the existing equipment 
efficiency so less material is wasted. Equipment modification can be to 
adjust the speed of an engine, to optimize the size of a storage tank, 
to insulate hot and cold surfaces, or to improve the design of a crucial 
part of the equipment. 
 
One example from electroplating is to construct drip hangers to recover drag out from the 
plated parts. 
 

 Technology change is to install modern and more efficient equipment, e.g. highly efficient 
equipment, e.g. a highly efficient boiler or a jet-dyeing machine with a low liquor ratio. A 
developed technology which minimizes generation of waste and emissions during production. 
 
Technology change requires higher investments than other cleaner production options and 
should therefore be considered carefully. However, the potential savings and quality 
improvements often pays back the investment in a very short time. 
 
 

B. Recycling  

Waste streams that are unavoidable might be recycled within the company or might 
be sold as by-products. 

i) On-site recovery and reuse is to collect ―waste‖ and ―reuse ―it within 
the company or in its different parts of the production. One simple 
example is to reuse rinse water from one process to another cleaning 
process. 
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ii) Creation of by-products is to collect (and treat) ―waste streams‖ so 

they can be sold to consumers or to other companies. Excess yeast 
from a brewery can for instance be used for pig fodder, fish farming or 
as a food additive. 
 

 
C. Product Modification  

 
Improving the products so they pollute less is also a fundamental idea of 
cleaner production. 

 

i) Changing the product is to re-think the product and the requirements to the product. 
 
If it is possible to replace a painted metal shield with a plastic shield for a certain product, then 
the environmental problems and costs related to paint finishing could be avoided.  
 
Improved product design can result in large savings on material consumption and use of 
hazardous chemicals. 
 

ii) Changing packaging can be just as important. The key word is to minimize the packaging 
and maintaining the protection of the product. 
 
One example is to use recycled cardboard instead of plastic foam for protection of fragile 
items. 
 
Product modification focuses on minimizing the environmental impact of a product during its 
use and after its disposal.   
 

 

 

 

 

 

 

 



 

 

Manual on Cleaner Production                        47 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

CLEANER PRODUCTION: METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phase: I: Planning and Organization 

 Obtain management commitment 

 Establish a project team 

 Develop policy, objectives and targets 

 Plan Cleaner Production Assessment 

Phase: II: Pre-assessment (qualitative review) 

 Company description and flow chart 

 Walk-through inspection 

 Establish a focus 

Phase: III: Assessment (quantitative review) 

 Collection of quantitative data 

 Material balance 

 Identify Cleaner Production opportunities 

 Record and Sort Options 

Phase: IV: Evaluation and feasibility study 

 Preliminary evaluation 

 Technical evaluation 

 Economic evaluation 

 Environmental evaluation 

 Select viable options 

Phase: V: Implementation and continuation 

 Preparation of Implementation Plan 

 Implement Selected Options 

 Monitor Performance 

Phase: VI: Sustain Cleaner Production Activities 
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I. PLANNING AND ORGANIZATION  

The objective of this phase is to obtain commitment to the project, initiate systems, allocate resources and 

plan the details of the work to come. A project has more chance of success if this groundwork is done well. 

 

 

 

 

 

 

 

 

I.I Obtain Management Commitment 

Experience from companies throughout the world shows that Cleaner Production results in both 

environmental improvements and better economic performance. However, this message has to reach the 

management of the company. Without management commitment the Cleaner Production assessment 

may be only a short-term environmental management tool. 

I.2Establish a project team 

It is best to establish a project team as early in the process as possible. The project team is responsible 

for progressing the assessment and will normally undertake the following tasks: · analysis and review of 

present practices (knowledge); · development and evaluation of proposed Cleaner Production initiatives 

(creativity); implementation and maintenance of agreed changes (authority). To conduct an effective 

Cleaner Production Assessment it is required to form a Cleaner Production Team consisting of 

representatives from management level, accounting and / or storage department, production department 

and technical and maintenance department. Besides this it can be very useful if we include external 

experts in the team to have a third-eye approach.   

I.3 Develop policy, objectives and targets  

The policy outlines the guiding principles for the assessment. It acts to focus efforts in a way considered 

most important by management. The l policy can be refined as the project team gains more insight into 

the Cleaner Production possibilities within the company. The policy contains the company‘s mission and 

vision for continuous environmental improvement and compliance with legislation. Objectives describe 

how the company will do this. For example, objectives could include reducing consumption of materials 
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and minimizing the generation of waste. Targets are measurable and scheduled, and are used tomonitor 

if the company is proceeding as planned. 

In general, objectives and targets should be:  

 acceptable to those who work to achieve them;  

 flexible and adaptable to changing requirements;  

 measurable over time (targets only);  

  motivational;  

 in line with the overall policy statement 

 

I.4 Plan the Cleaner Production assessment 

The project team should draw up a detailed work plan and a time schedule for activities within the 

Cleaner Production assessment. Responsibilities should be allocated for each task so that staff 

involved in the project, understand clearly what they have to do. It is also wise to anticipate any 

problems or delays that may arise and plan for them accordingly. Lengthy delays and problems 

arising out of poor planning erode motivation at both the worker and management level. 

How to carry out Cleaner Production Assessment 

There are a number of basic steps in carrying out Self CP assessment: 

Plan To put a program together 

Measure To find out how much you use and how much you lose. 

Assess To work out what you can do to minimize losses and maximize gains. 

Implement Starting with low-cost solutions to motivate everybody. 

Improve By building continuous improvement and review into the program. 

Report To communicate progress against goals. 

 

II. PRE-ASSESSMENT (QUALITATIVE REVIEW) 

The objective of the pre-assessment is to obtain an overview of the company‘s production and 

environmental aspects. Production processes are best represented by a flow chart showing inputs, outputs 

and environmental problem areas. 

II.I Company description and flow chart 

A description of the company‘s processes should answer the following questions:  

 What does the company produce?  

 What is the history of the company?  

 How is the company organized?  
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 What are the main processes?  

 What are the most important inputs and outputs? 

Collection of basic Information 

Before performing self CP assessment, it‘s necessary to collect basic information: 

 

Organization's Basic Information Worksheet 

Contents Description 

Organization Structure  

Whether Large scale or not?   

Number of employees  

Details of Environment Cell / Health, Safety & 

Environment Cell, if any 

 

Details of in-house persons having obtained training 

on Cleaner Production along with their qualifications 

 

 

General information  

 Name of manufacturing product with quantity 

 Documents referring to environmental and health & safety policies of the company 

 Organizational setup/structure 

 Number of employees 

 In house technical competitiveness for cleaner production 

 Present environmental performance 

 Certification like ISO 9001, ISO 14001, OSHAS 18001, ISO 50001 etc. 

 Details of previous environmental violations/problems 

 Standard operating procedures 

Information regarding materials / products 

 Composition of products 

 Data regarding raw materials and materials entering the process 

 Product sheets 

 Inventory of raw materials and products 

 Registering of operators 

 Procedures of operations 

 Production schedules 
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Information regarding the process 

 Technological flow schemes of the production processes 

 Manuals and descriptions of production processes 

 Descriptions of installations 

 Drawings of installations / equipment 

 Scheme of pipe network 

Processes which take place as part of the company‘s activities can be represented using a detailed 
process flow chart. Flow chart production is a key step in the assessment and forms the basis for material 
and energy balances which occur later in the assessment. Process flow charts should pay particular 
attention to activities which are often neglected in traditional process flow charts, such as:  

 cleaning;  

 materials storage and handling; 

 ancillary operations (cooling, steam and compressed air production);  

 equipment maintenance and repair; 

 materials that are not easily recognizable in output streams (catalysts, lubricants etc.);  

 by-products released to the environment as fugitive emissions 

The process flow chart is meant of providing an overview and should thus be accompanied by individual 
input/output sheets for each unit operation or department. The Figure below provides an example of an 
input/output worksheet; however it may be arranged in various ways. 

 

 

 

 

 

 

 

 

Figure: Example of an input/output worksheet 

Data referring to environment 

 Records of emissions 
 Analysis of wastes 
 Environmental audit reports 
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Questions to be answered during a walk-through inspection  

 Are there signs of poor housekeeping (untidy or obstructed work areas etc.)?  

 Are there noticeable spills or leaks? Is there any evidence of past spills, such as 

discoloration or corrosion on walls, work surfaces, ceilings and walls, or pipes?  

 Are water taps dripping or left running?  

 Are there any signs of smoke, dirt or fumes to indicate material losses?  

 Are there any strange odours or emissions that cause irritation to eyes, nose or 

throat?  

 Is the noise level high?  

 Are there open containers, stacked drums, or other indicators of poor storage 

procedures?  

 Are all containers labelled with their contents and hazards?  

 Have you noticed any waste and emissions being generated from process equipment 

(dripping water, steam, evaporation)?  

 Do employees have any comments about the sources of waste and emissions in the 

company?  

 Is emergency equipment (fire extinguishers etc.) available and visible to ensure rapid 

response to a fire, spill or other incident? 

 

Financial data 

 Costs for treatment, elimination, and storage of wastes / wastewater /emissions 
 Costs for products, raw materials, materials, utilities 

 Costs of operation and maintenance 

 Financial reports 

 

II.2 Walk-through inspection  

Much of the information needed to fill out the input/output sheets, described above, may be obtained during 

a walk-through inspection of the company.  

The walk-through inspection should, if possible, follow the process from the start to the finish, focusing on 

areas where products, wastes and emissions are generated.  

During the walk-through, it is important to talk to the operators, since they often have ideas or information 

that can be useful in identifying sources of waste and Cleaner Production opportunities. The text box over 

page provides examples of the types of questions that may be asked to prompt the investigation. During 

the walk-through problems encountered along the way should be listed, and if there are obvious solutions 

to these they should also be noted. Special attention should be paid to no-cost and low-cost solutions. 

These should be implemented immediately, without waiting for a detailed feasibility analysis. 
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II.3 Establish a focus  

The last step of the pre-assessment phase is to establish a focus for further work. In an ideal world, all 

processes and unit operations should be assessed. However time and resource constraints may make it 

necessary to select the most important aspect or process area. 

It is common for Cleaner Production assessments to focus on those processes that: 

 generate a large quantity of waste and emissions;  

 use or produce hazardous chemicals and materials;  

 entail a high financial loss;  

 have numerous obvious Cleaner Production benefits;  

 are considered to be a problem by everyone involved.  

All the information collected during the pre-assessment phase should be well organized so that it is easily 

accessed and updated. 

III. ASSESSMENT (QUANTITATIVE REVIEW) 

The aim of the assessment phase is to collect data and evaluate the environmental performance and 

production efficiency of the company. Data collected about management activities can be used to monitor 

and control overall process efficiency, set targets and calculate monthly or yearly indicators. Data collected 

about operational activities can be used to evaluate the performance of a specific process. 

 

 

 

 

 

 

 

 

Figure: Assessment Phase 
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III.1 Collection of quantitative data  

It is important to collect data on the quantities of resources consumed and wastes and emissions 

generated. Data should be represented based on the scale of production: for example: water consumption 

per tonne of live carcass weight (LCW) processed or mass of organic matter (COD) generated per tonne of 

live carcass weight (LCW) processed. Collection and evaluation of data will most likely reveal losses. For 

instance, high electricity consumption outside production time may indicate leaking compressors or 

malfunctioning cooling systems.  

In determining what data to collect, use the input/output worksheets, described previously, as a guide. Most 

data will already be available within the company recording systems, e.g. stock records, accounts, 

purchase receipts, waste disposal receipts and the production data. Where information is not available, 

estimates or direct measurements will be required. 

III. 2 Material balance 

The purpose of undertaking a material balance is to account for the consumption of raw materials and 

services that are consumed by the process, and the losses, wastes and emissions resulting from the 

process. A material balance is based on the principle of ‗what comes into a plant or process must equal 

what comes out‘. Ideally inputs should equal outputs, but in practice this is rarely the case, and some 

judgment is required to determine what level of accuracy is acceptable.  

A material balance makes it possible to identify and quantify previously unknown losses, wastes or 

emissions, and provide an indication of their sources and causes. Material balances are easier, more 

meaningful and more accurate when they are undertaken for individual unit operation. An overall company-

wide material balance can then be constructed with these. 

The material balance can also be used to identify the costs associated with inputs, outputs and identified 

losses. It is often found that presenting these costs to management can result in a speedy implementation 

of Cleaner Production options.  

While it is not possible to lay down a precise and complete methodology for undertaking a material balance, 

the following guidelines may be useful: 

 Prepare a process flow chart for the entire process, showing as many inputs and outputs as 

possible.  

 Sub-divide the total process into unit operations. (Sub-division of unit operations should occur in 

such a way that there is the smallest possible number of streams entering and leaving the 

process).  

 Do not spend a lot of time and rescues trying to achieve a perfect material balance; even a 

preliminary material balance can reveal plenty of Cleaner Production opportunities. 

Environmental performance indicators for the process can be developed from the material balance data. 

This is achieved by dividing the quantity of a material input or waste stream by the production over the 

same period. Performance indicators may be used to identify overconsumption of resources or excessive 
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waste generation by comparing them with those of other companies or figures quoted in the literature. They 

also help the company track its performance towards its environmental targets 

III.3 Identify Cleaner Production Opportunities 

Identifying Cleaner Production opportunities depends on the knowledge and creativity of the project team 

members and company staff, much of which comes from their experience. Many Cleaner Production 

solutions are arrived at by carefully analyzing the cause of a problem.  

Another way of identifying Cleaner Production opportunities is to hold a ‗brainstorming‘ session, where 

people from different parts of the organization meet to discuss solutions to specific problems in an open 

and non-threatening environment.  

III.4 Record and Sort Options 

Once a number of Cleaner Production opportunities have been suggested and recorded, they should be 

sorted into those that can be implemented directly and those that require further investigation. 

It is helpful to follow the following steps:  

 Organize the options according to unit operations or process areas, or according to inputs/outputs 

categories (e.g. problems that cause high water consumption).  

 Identify any mutually interfering options, since implementation of one option may affect the other.  

 Opportunities that are cost free or low cost, that do not require an extensive feasibility study, or that 

is relatively easy to implement, should be implemented immediately.  

 Opportunities that are obviously unfeasible, or cannot be implemented should be eliminated from 

the list of options for further study 

Example of information recorded for identified options 
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IV. EVALUATION AND FEASIBILITY STUDY 

The objective of the evaluation and feasibility study phase is to evaluate the proposed Cleaner Production 

opportunities and to select those suitable for implementation. The opportunities selected during the 

assessment phase should all be evaluated according to their technical, economic and environmental merit. 

However, the depth of the study depends on the type of project. Complex projects naturally require more 

thought than simple projects. For some options, it may be necessary to collect considerably more 

information. An important source of this information may be employees affected by the implementation. 

 

 

 

 

 

Evaluation and feasibility study phase 

IV.1 Preliminary Evaluation  

The quickest and easiest method of evaluating the different options is to form a group, consisting of the 

project team and management personnel, and discuss the possible solutions one by one. This process 

should give a good indication of which projects are feasible and what further information is required. 

IV. 2 Technical Evaluation  

The potential impacts on products, production processes and safety from the proposed changes need to be 

evaluated before complex and costly projects can be decided upon. In addition, laboratory testing or trial 

runs may be required when options significantly change existing practices. A technical evaluation will 

determine whether the opportunity requires staff changes or additional training or maintenance. 

IV. 3 Economic Evaluation 

The objective of this step is to evaluate the cost effectiveness of the Cleaner Production opportunities. 

Economic viability is often the key parameter that determines whether an opportunity will be implementedor 

not.  

When performing the economic evaluation, costs of the change are weighed against the savings that may 

result in resource conservation. Costs can be broken into capital investments and operating costs. 

Standard measures used to evaluate the economic feasibility of a project are payback period, net present 

value (NPV), or internal rate of return (IRR).  

Capital investment is the sum of the fixed capital costs of design, equipment purchase, installation and 

commissioning, costs of working capital, licenses, training, and financing. Operating costs, if different to 



 

 

Manual on Cleaner Production                        57 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

existing conditions will need to be calculated. It may be that operating costs reduce as a result of the 

change, in which case, these should be accounted for in the evaluation as an ongoing saving. 

IV.4 Environmental Evaluation 

The objective of the environmental evaluation is to determine the positive and negative environmental 

impacts of the option. In many cases the environmental advantages are obvious: a net reduction in toxicity 

and/or quantity of wastes or emissions. In other cases it may be necessary to evaluate whether, for 

example, an increase in electricity consumption would outweigh the environmental advantages of reducing 

the consumption of materials.  

For a good environmental evaluation, the following information is needed: 

 changes in amount and toxicity of wastes or emissions;  

 changes in energy consumption;  

 changes in material consumption;  

 changes in degradability of the wastes or emissions;  

 changes in the extent to which renewable raw materials are used;  

 changes in the reusability of waste streams and emissions;  

 changes in the environmental impacts of the product. 

In many cases it will be impossible to collect all the data necessary for a good environmental evaluation. In 

such cases a qualified assessment will have to be made, on the basis of the existing information.  

Given the wide range of environmental issues, it will probably be necessary to prioritize those issues of 

greatest concern. In line with the national environmental policy of the country, some issues may have a 

higher priority than others. 

 

 

 

 

 

 

 

 

 

 

Aspects to be considered in the evaluation  
Preliminary evaluation 

 Is the Cleaner Production option available?  

 Can a supplier be found to provide the necessary equipment or input material? 

 Are consultants available to help develop an alternative? 

 Has this Cleaner Production opportunity been applied elsewhere? If so, what have been the results and experience?  

 Does the option fit in with the way the company is run? 
 Technical evaluation 

 Will the option compromise the company's product?  

 What are the consequences for internal logistics, processing time and production planning? 

 Will adjustments need to be made in other parts of the company?  

 Does the change require additional training of staff and employees? 
Economic evaluation 

 What are the expected costs and benefits? 

 Can an estimate of required capital investment be made?  

 Can an estimate of the financial savings be made, such as reductions in environmental costs, waste treatment costs, 
material costs or improvements to the quality of the product? 

 Environmental evaluation 

 What is the expected environmental effect of the option?  

 How significant is the estimated reduction in wastes or emissions?  

  Will the option affect public or operator health (positive or negative)? If so, what is the magnitude of these effects in terms 
of toxicity and exposure? 
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IV.5SELECT VIABLE OPTIONS 

.An option can be assigned scores, say from 1 to 10, based on its performance against a set of evaluation 

criteria. By multiplying each score by a relative weight assigned to each criterion, a final score can be 

arrived at. 

The options with the highest scores will probably be best suited for implementation. However, the results of 

this analysis should not be blindly accepted. Instead, they should form a starting point for discussion. 

 All simple, cost-free and low-cost opportunities should of course be implemented as soon as possible. The 

most promising options must be selected in close collaboration with management. A comparative ranking 

analysis may be used to prioritize opportunities for implementation. The concept of such a method is shown 

in the Table given below. 

 

 

 

 

 

 

 

 

 

 

 

V. IMPLEMENTATION AND CONTINUATION 

The objective of the last phase of the assessment is to ensure that the selected options are implemented, 

and that the resulting reductions in resource consumption and waste generation are monitored 

continuously. 
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Implementation and Continuation Phase 

V.1 Preparation of implementation plan  

To ensure implementation of the selected options, an action plan should be developed, detailing:  

 activities to be carried out;  

 the way in which the activities are to carried out;  

 resource requirements (finance and manpower);  

 the persons responsible for undertaking those activities;  

 a time frame for completion with intermediate milestones. 

 

V.2 Implement selected options  

As for other investment projects, the implementation of Cleaner Production options involves modifications 

to operating procedures and/or processes and may require new equipment. The company should, 

therefore, follow the same procedures as it uses for implementation of any other company projects.  

However, special attention should be paid to the need for training staff. The project could be a failure if not 

backed up by adequately trained employees. Training needs should have been identified during the 

technical evaluation. 

V.3 Monitor performance  

It is very important to evaluate the effectiveness of the implemented Cleaner Production options. Typical 

indicators for improved performance are: 

 reductions in wastes and emissions per unit of production;  

 reductions in resource consumption (including energy) per unit of production;  

 improved profitability.  
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There should be periodic monitoring to determine whether positive changes are occurring and whether the 

company is progressing toward its targets. Examples of the types of aspects that could be checked to 

evaluate improvements are shown in Table below. 

VI.SUSTAIN CLEANER PRODUCTION ACTIVITIES 

 If Cleaner Production is to take root and progress in an organization, it is imperative that the project team 

does not lose momentum after it has implemented a few Cleaner Production options. Sustained Cleaner 

Production is best achieved when it becomes part of the management culture through a formal company 

environmental management system or a total environmental quality management approach.  

An environmental management system provides a decision-making structure and action plan to support 

continuous environmental improvements, such as the implementation of Cleaner Production.  

If a company has already established an environmental management system, the Cleaner Production 

assessment can be an effective tool for focusing attention on specific environmental problems. If, on the 

other hand, the company establishes a Cleaner Production assessment first, this can provide the 

foundations of an environmental management system. 

Regardless of which approach is undertaken, Cleaner Production assessment and environmental 

management systems are compatible. While Cleaner Production projects have a technical orientation, an 

environmental management system focuses on setting a management framework, but it needs a technical 

focus as well. 
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Evaluation Checklist 

Checklist YES NO 

Are the opportunities implemented according to the action plan?   

Are new procedures being followed correctly by the employees?   

Where do problems occur and why?   

Do licenses or permits require amendments? Which ones?   

Has compliance with legislation been maintained as a result of the changes?   

Environmental performance check   

Are the opportunities cost effective? Is the cost effectiveness as expected?   

Has the number of waste and emission sources decreased? By how many?   

Has the total amount of waste and emissions decreased? By how much?   

Has the toxicity of the waste and emissions decreased? By how much?   

Has the energy consumption decreased? By how much?   

Have the Cleaner Production goals been achieved? Which have and which have not?   

Have there been any technical ramifications? Which and why?   

Documentation check (The following items should be included in the files.)   

Statements of the company‘s objectives and targets and the environmental 
policy 

  

Organization structure and flow diagram with input and outputs   

Worksheets completed during the Cleaner Production assessment   

Material balances   

List of Cleaner Production opportunities generated during brainstorming 
sessions 

  

Lists of opportunities that are technically, economically and environmentally 
feasible 

  

Implementation action plan   

Monitoring data   

Before-and-after‘ comparisons   

Post-implementation evaluation reports   

 

***** 

(Source: Cleaner Production Assessment Manual, UNEP) 

 

 

 

 

 



 

 

Manual on Cleaner Production                        62 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

INDUSTRIAL ECOLOGY  

Industrial ecology (IE) tracks physical resource flows of industrial and consumer systems at a variety of 

spatial scales, drawing on environmental and social science, engineering, management, and policy 

analysis. Prescriptively, IE seeks to reduce environmental impacts and the pressure on natural resources 

while maintaining function for human well-being, by stressing the importance of production choices to 

extend the life of embedded materials and energy, emphasizing circular rather than linear flows, and 

decoupling economic growth from resource use. IE has been described as a ―post-modern science‖ that 

synthesizes multiple perspectives in theory and problem solving, often simultaneously, as a 

multidisciplinary, interdisciplinary, and trans disciplinary field.  

The unusual name ―industrial ecology‖ derives from a metaphor with the biological ecosystem and borrows 

on several fronts, such as its focus on resource cycling, multi-scalar systems, material and energy stocks 

and flows, and food webs. Over time concepts from other sciences have also been weaved into industrial 

ecology. The intellectual roots of industrial ecology date back to the 19th century, and some seminal 

methods were published in the 1960s and 1970s. It took until the early 1990s, however, before a scientific 

field began to take shape. Since its early days, industrial ecology has become more robust through 

database development, deeper mathematical modeling, collaboration among natural, physical, and social 

scientists, and extension of theory on its own and in dialogue with other allied fields. At the same time, 

industrial ecology increasingly contributes insights to environmental management and policy, on issues 

ranging from climate change, to biodiversity loss, water, and more.  

The principles of industrial ecology as defined by as: 

 Create industrial ecosystems - close the loop; view waste as a resource; create partnerships with 

other industries to trade by-products which are used as inputs to other processes. 

 Balance industrial inputs and outputs to natural levels - manage the environmental-industrial 

interface; increase knowledge of ecosystem behavior, recovery time and capacity; increase 

knowledge of how and when industry can interact with natural ecosystems and the limitations. 

 Dematerialization of industrial output - use less virgin materials and energy by becoming more 

resource efficient; reuse materials or substituting more environmentally friendly materials; do more 

with less. 

 Improve the efficiency of industrial processes - redesign products, processes, equipment; reuse 

materials to conserve resources. 

 Energy use - incorporate energy supply within the industrial ecology; use alternative sources of 

energy that have less or no impact upon the environment. 

 Align policies with the industrial ecology concept - incorporate environment and economics into 

organizational, national and international policies; internalize the externalities; use economic 

instruments to encourage a move towards industrial ecology; use a more appropriate discount rate; 

use a more comprehensive index to measure a nation's wealth rather than GNP. 
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It is an interdisciplinary framework for designing and operating industrial systems as living systems 

interdependent with natural systems. It seeks to balance environmental and economic performance within 

emerging understanding of local and global ecological constraints. Some of its developers have called it 

―the science of sustainability‖.  

It also  supports coordination of design over the life cycle of products and processes. It enables creation of 

short-tem innovations with awareness of their long-term impacts. It help design local solutions that 

contribute to global solutions.  

IE principles and methods can be used by service as well as manufacturing companies. Application of 

Industrial Ecology will improve the planning and performance at local, regional and national level.  

Industrial Ecology is a dynamic systems-based framework that enables management of human activity on a 

sustainable basis by minimizing energy and materials usage, ensuring acceptable quality of life for people, 

minimizing the ecological impact of human activity to levels natural systems can sustain, conserving and 

restoring ecosystem health and maintaining biodiversity, maintaining the economic viability of systems for 

industry, trade and commerce. Industrial ecology lead to cost savings (materials purchasing, waste 

disposal fees etc,), improves environmental protection, generate income through selling waste or by-

products, enhances corporate image. Industrial ecology focuses on dematerialization of industrial output 

using less virgin materials and energy by becoming more resource efficient; reuse materials or substituting 

more environmentally friendly materials; it focuses on the principle of ‗do more with less‘. It improves the 

efficiency of industrial processes through redesigning of products, processes and equipments.  
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ECO – INDUSTRIAL PARKS 

 

Introduction 
 

The concept of the ―Industrial Estate‖ was emerged at the end of nineteenth century, to promote, plan and 

manage industrial development. Since 1970s, there has been massive increase in the number of estates 

worldwide. Industrial Estates are the drivers of industrialization and prosperity and can foster rapid 

economic development, on the same time it lead to resource depletion and massive pollution. To overcome 

this issue, the concept of ‗Eco Industrial Parks‘ has been evolved during, The United Nations Conference 

on Environment and Development (UNCED), Rio de Janeiro, 1992. The first evidence of the concept of 

eco-industrial park surfaced in the year 1989 at Kalundborg, Denmark and it picked up momentum since 

1993.Eco Industrial Parks are a promising strategy to promote ‗sustainable industrial development‘ and to 

improve industrial environmental performance in terms of management of materials, energy and waste.  It 

is one of the strategies to implement the concept of ‗Industrial Ecology‘ by inter-company collaboration. 

 

The term eco-industrial park has become an umbrella term for industrial parks that take into account 

environmental aspects in their design, construction, operation and management. The main elements of 

achieving/implementing eco-industrial parks are: Cleaner Production (CP) application at the enterprise 

level; collective CP application at the park level; environmental and energy services companies; spatial 

planning and zoning of industries and infrastructures; and management and operations of the industrial 

park. 

 

Why Eco Industrial Parks? 
 

International good practices illustrate that the types of economic, environmental, and social benefits from 

eco-industrial parks vary greatly and go well beyond the conventional business case benefits. The benefits 

are not just commercial but also strategic, leading to reduced exposure to risk, increased competitiveness, 

business development, production continuity and a better reputation with key stakeholders. Eco-industrial 

parks enable companies to benefit from greater collaboration and exchanges within companies (between 

management, technical and environmental staff, finance, etc.), as well as between companies, government 

and service providers. Companies are enabled collectively to turn environmental problems into business 

solutions by using resources efficiently and cooperating through shared infrastructure. The main economic 

benefits are direct and indirect employment creation; cost savings due to reductions in waste disposal, 

resource and energy consumption; and increased competitiveness. Some eco-industrial parks report higher 

foreign direct investment in their parks. Indirect benefits are often more difficult to quantify but are important 

for the long-term economic sustainability of the park and the companies. These can include indirect 

employment creation through skills upgrading and training, technology transfer, positive image, 

demonstration effect arising from application of best practices, and regional development. Environmental 

benefits from eco-industrial parks are very diverse and include reduction of pollution levels, more efficient 



 

 

Manual on Cleaner Production                        65 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

use of resources (e.g. raw materials, water, energy), preservation and protection of biodiversity and nature, 

and reduction, reuse and recycling of wastes. Additionally, improved management of chemical and 

hazardous substances in an eco-industrial park can lead to significant environmental benefits. Social 

benefits from EIP development range from the creation of local jobs, better working and labor conditions, 

local community well-being and community outreach, improvement of gender equity, crime prevention and 

better security. Eco-industrial parks often involve the creation of a social infrastructure as well, which is 

particularly important for developing countries. Examples include vocational training centers, skills 

development training as well as broader community services.  

 

From an industrial competitiveness perspective, the main drivers for eco-industrial parks are:  

• Reducing operating costs and improving productivity  

• Greening supply and value chains 

• Mitigating climate change  

• Improving resource supply security, management and efficiencies (e.g. materials, water, energy) 

• Reducing business risks, by recognizing that environmental and social risks are economic risks  

• Addressing environmental and social topics relevant to local community and government to ensure 

long term license to operate industrial parks. 
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3 Step Eco-Industrial Park (EIP) Approach 

  

  

 
MICRO LEVEL 

(Industry Level) 

 Green Belt 

 Energy Efficiency 

 Environment Performance 

 Strengthening of 
environmental management 
capacities 

 Disaster management 

 Overall Resource Efficient & 
Cleaner Production (RECP) 

 Capacity Building, Training 
& Awareness 

 

MACRO LEVEL  
(Estate Level) 

 CETPs, STPs, TSDFs 

 Storm water drainage 

 Disaster management 
facilities 

 Central green & green belts 

 Road network 

 Connectivity to outside of 
estate 

 Renewable energy 

 Environment Management 
and Disaster management 
cell 

 Climate Change Adaption 

 Climate Proofing 

 Capacity Building, Training & 
Awareness 

 

INDUSTRIAL SYMBIOSIS  
(Exchange of waste from 

one industry to other) 

 Exchange of Excess 
heat, Steam & Energy 

 Use of Treated Waste 
Water 

 Recovery of                    
By-Product 

 Waste Exchange 

 Utilization of sludge 

 Co Processing 

 Human Resources 

 Logistic Services 
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Key components of Eco Industrial Parks  
 

 

 

 

 

 

 

 

 

 

 

PARK MANAGEMENT: The administrative services require for effective EIP development which 

includes park service, recruitment, and maintenance functions. In the planning phase the park management 

should find new connections between companies and look for value-adding functions. The management 

should cooperate actively with the community and encourage a dialogue between interest groups. The 

management also needs to decide which services are provided by the park management and which are 

brought from public utilities or external contractor. Supporting and maintaining the exchanges of materials 

and energy among companies are important tasks in an eco-industrial park.  One of the administrative 

duties of an eco-industrial park is to support improvement in the environmental performance of individual 

companies and the park as a whole.  

 

COMPANY LEVEL RESOURCE EFFICIENCY & CLEANER PRODUCTION: At company / 

individual industry level ‗Resource Efficient and Cleaner Production (RECP)‘ implementation can be the 

useful tool for improving environmental performance of industrial parks, as RECP focuses on ‘Production 

efficiency’ through optimization of the productive use of natural resources (materials, energy and water); 

‘Environmental Management’ through minimization of impacts on environment and nature through 

reduction of wastes and emissions; ‘Human Development’ through minimization of risks to people and 

communities and support for their development. 

 

INDUSTRIAL SYMBIOSIS AND SYNERGIES: Supply synergies and co-location of suppliers 

and clients: Co-location and clustering of companies in the supply and value chains; Utility synergies: 

Shared use of utility infrastructure, mainly revolving around water and energy. Service synergies: Sharing 

of services and activities between companies (e.g. joint training of staff and sharing of maintenance 

contractors); By-product synergies and waste exchanges (industrial symbiosis): The use of a 

previously disposed waste (as solid, liquid, gas) from one facility by another facility to provide valuable by-

products. 

 

 

**** 
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INDUSTRIAL SYMBIOSIS 

Industrial Symbiosis  

The principle behind industrial symbiosis is quite simple; instead of being thrown away or destroyed, 

surplus resources generated by an industrial process are captured then redirected for use as a ‗new‘ input 

into another process by one or more other companies, providing a mutual benefit or symbiosis. Industrial 

Symbiosis can be defined as the exchange of materials and waste streams between companies, so that 

one company‘s waste becomes another company‘s raw material.  

It involves a collective approach to competitive advantage through the physical exchange of materials, 

energy, water and/or byproducts, or the shared use of assets, logistics and expertise. 

Industrial Symbiosis Example: Kalundborg, Denmark 

Kalundborg Symbiosis is the world‘s first well-functioning example of industrial symbiosis and, within the 

academic discipline of industrial ecology, has become a textbook example of effective resource saving and 

cycling of materials in industrial production. In Kalundborg, Denmark 3 million cubic meters of water saved 

through recycling and reuse. 
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Scenario of Industrial Symbiosis,Gujarat  

Gujarat, one of the leading industrialized states of the country is quickly becoming industrial powerhouse. 

The increased industrialization leads to massive flow of waste. Gujarat has over 7000 units that generate 

hazardous waste more than a quarter of India‘s hazardous waste generation. The hazardous waste 

reduction is so far addressed through End-of-pipe solutions such as TSDF, CHWIF, ETP, CETP, MEE etc. 

To achieve Eco-Industrial Development in the state it is necessary to adopt concepts such as ‗Industrial 

Symbiosis‘. (2017) (https://www.unenvironment.org/fr/node/21831) 

Examples Industrial Symbiosis in Gujarat 

Industrial Symbiosis at Sachin Industrial Estate, Surat Gujarat, India 

Case: 1 

 

 

 

 

 

Industrial Symbiosis at Vapi Industrial Estate, Gujarat, India 

 

 

 

 

 

 

 

 

 

 

 

Textile Industries Gasifier Gas Turbine 

Industries 

Electricity 

 

Syn Gas Fabric waste                                                       

                      
Plastic Waste 

    Dilute 
Sulphuric Acid 

Secondary Sludge 

     Sludge 

Fiber Recovery 

Recycle Paper Industry 

Cement Industry 

Dyes and Dye 
Intermediate Industry 

Agro Industry Composting 

TSDF Site, Vapi Metal Extraction 

Primary ETP Sludge from 
Paper Industry 

Pellets 

Briquettes 

Boiler for Energy 
Generation 

https://www.unenvironment.org/fr/node/21831
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Industrial Symbiosis at Naroda Industrial Estate, Gujarat, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dye and Dye Intermediate 
Industry  

Novel Spent Acid 
Management, Vatva 

Cement Industry 

Textile Industry 

Fertilizer Industry 

Steel Industry 

Dye and Dye 
Intermediate Industry

  

 
Pigment Industry 

Brick Manufacturing 

Road 
Construction 

Spent Acid 
25% to 30% 
 

Gypsum 
<10% Chloride 

Content 
 

Spent Acid 15%  
 

Spent Acid 
 

Iron Sludge FeSo4-7H2O-FeO 
 

Iron Sludge FeSo4-7H2O-FeO3 
 

Iron Sludge FeSo4-7H2O 
 

Fly Ash 
 

Use of Brick 
 

Cement Industry 

Road Filling 

Biogas Plant NEPL 

Road Construction 

Bio Fertilizer Industry 

Ceramic Industry 

 

Food Industry 

 

Electricity Generation 

 
Generated Electricity 

used for CETP  

 

   Plaster of Paris 
Mould Waste 

 

Biodegradable 
Waste 

 

Methane 
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Industrial Symbiosis at Nandesari Industrial Estate, Gujarat, India 
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Shreekala 

Intermediate 

Limited 

Harshiddhi 

Chemical 

Ultratech 

Cement, 

Amreli 

Sodium 

Metal 

GSP 

Crop 

Science 

Pharma 

Inter 

Chemie 

Pan 

Drugs 

Limited 

 

Indian Oil 

Corporation Limited 

(IOCL) 
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Alkalies & 
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Limited 

(GACL) 

 

Nahar 

Pharma 

Shiv Dye 

Stuff 
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      : Green Line Indicates ‘Product’ 

      : Red Line Indicates ‘Waste’ 

 

https://en.wikipedia.org/wiki/Isopropyl_alcohol
https://en.wikipedia.org/wiki/Isopropyl_alcohol
https://pubchem.ncbi.nlm.nih.gov/compound/Cuprous_chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Cuprous_chloride
http://www.panoliindia.com/mono-chloro-benzene.html
http://www.panoliindia.com/mono-chloro-benzene.html
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Benefits of Industrial Symbiosis 

Industrial Symbiosis has many benefits – both economic and environmental:  

 Industrial Symbiosis provides opportunities for existing companies to increase their profitability and 

competitiveness by reducing the cost of resources.  

  Presents substantial benefit to the environment by reducing both demand for materials and waste. 

 Supports regional development by paving the way for the emergence of new and innovative 

businesses which take advantage of otherwise un-used industrial flows. 

 Leads to green growth, fostering economic growth and development while ensuring that natural 

assets are not depleted but continue to provide the resources and environmental services on which 

our wellbeing relies. 

 Improved materials and efficient use of water and energy 

 Reduction of green house gas emissions 

 Development of cleaner technologies 

 Improves process and product efficiency 

 Reduces cost of waste disposal and management 

 Creates investment and employment opportunities  
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CLEANER PRODUCTION (CASE STUDIES) 

 
Case Study: Chemical Sector – 1 

 

 

Company Introduction  

The company is an exporter, manufacturer, supplier, trader and distributor of dye intermediates. The 

manufacturing process includes for process like; Sulfonation, Nitration, Distillation, Reduction, Esterification 

Etc 

Product Manufactured 

They are a manufacturer, exporter and importer of the following products: 

     Dyes Intermediates Pyrazolones 

 1(2-Methyl 4-Sulfo) Phenyl 3-Methyl 5-Pyrazolone 
 1(2-Chloro 5-Sulfo ) Phenyl 3 - Methyl 5 -Pyrazolone 
 1(3-Sulfo)Methyl - 3 -Methyl-5 Pyrazolone 
 1(4-Sulfo) Phenyl 3-Methyl 5-Pyrazonlone 
 1-Pheynl 3- Methyl 5 -Pyrazolone 
 1(4- Tolyl) Phenyl 3- Methyl 5pyrazolone 
 1(0-Chloro ) Phenyl 3 -Methyl 5 -Pyrazolone 
 1(3:4dichloro ) Phenyl 3 -Methyl 5 - Pyrazolone 
 1(2.5 Dichloro ) Phenyl 3 - Methyl 5 - Pyrazolone 
 3- Methyl 5- Pyrazolone 
 Vinyl Sulfonepyrazolone 
 1(3- SulfoAmido ) Phenyl 3 -Methyl 5 - Pyrazolone 
 1(4- SulfoAmido ) Phenyl 3 -Methyl 5 – Pyrazolone 

 
 Dyes Intermediates Others 

 

 5 Nitro O - Toludiene ( Fast Red Rl Base ) 

 3-Nitro Para Phenitidine 

 O.Toluidine 5- Sulfoneic Acid 

 P Amino 3 MethoxyAzo Benzene 3 Sulfonic Acid 

 Fast Yellow Pg Base  ( Mamas Acid ) 

 2:5 Diamino Toluene- Sulfate 

 2 -Chlooro 5 - Nitro Toluene 

 Hydrazino Benzene Sulfonamide(HCl) 
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Selection of CP Assessment Focus 

1. Reduction of water consumption in 5-Nitro O-Toludiene Product 

2. Qualities of Effluent in this product have a High COD, which is due to Benzene Sulfonic Acid in 

dissolve stage, which is generated in last stage of hydrolysis. Benzene sulfonic acid is not 

separated due to high solubility in water. 

3. Also solvent loss ratio is very high. 

4. In other product P-Amino Methoxy Azobenzene 3-Sulfonic Acid, Effluent is of dark color and COD 

is very high. Lot of isomers is produced, which increased Our COD. 

5. SO2 Scrubber is not efficient, so partly emission may go to atmosphere. 

6. Housekeeping is poor and charging chemical methods to reaction vessel is not efficient. 

7. Recycling of cooling water and process washing water. 

8. Also energy saving methods. 

Production Overview 

Description of manufacturing process for 1-Phenyl 3-Methyl 5-Pyrazalone, Yellow PG Base and 5 – Nitro 

O- Toluediene 

1. 1-Phenyl 3-Methyl 5-Pyrazalone 

Diazotization: Charge HCl and ice in Diazo Vessel. Then charge Aniline slowly and achieve 0 – 2 oC. Then 

charge Sodium Nitrite solution. 

Coupling: Charge water, sodium bisulphite powder/ Liquid, Soda Ash and Ice.  Make above mass of 

neutral pH and then add above diazo mass into this solution. 

Reduction: Heat this solution into reduction vessel by steam heating at 90 oC temp. 

Hydrolysis: Transfer this reduced mass to MSRLBL vessel containing HCl. Sulphur dioxide gas is evolved. 

Scrubbed in alkali scrubber, Scrubbed mass is reuse in coupling reaction. 

Neutralization and Filtration: Above hydrolyzed mass is neutralize and clarify and taken to condensation 

vessel. 

Esterification: Above neutralized mass is esterifies by Methyl Aceto Acetate (ester). Cyclised by Sodium 

Bisulfite, Cool the material and filter wash and centrifuged it. Dry it and packed it. 

2. Yellow PG Base 

Stage 1 : Omega  Ortho Anisidine 

In reaction vessel 19, take 285 Lit water. Heat to 50°C in 20 Min.add 300 Kgs. Sodium Bi Sulfite 

Powder. Add 250 Lit. Formaldehyde in One Hr.Temp 65 70 °C. Check Ph. Add 300 Kgs O.A in 30 

Min.stir for while. Heat to 90°C in 30 Min. Maintain for 3 to 4 Hrs. In Vessel 13. Make brine soln. 2000 

Lit water+750 Kgs. Salt stir for 2Hrs. Add this brine soln. In above Vessel no-19 at 70 to 80°C in 1.5 
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Hrs. Then add 250 Kgs. Salt in 20 Min.Stir for 1 Hrs.Cool to 40°C. Cooling time 3 to 4Hrs. Check 

Gravity of filtrate. Filter in Nutch and centrifuge it. Wt. Cake 800 to 900 Kgs. 

 

Stage 2 :Metanilic Acid Diazo 

In R.4 take 1200 Lit water add 240 HCL. Stir 3 Hrs. Add ice 2000 Kg temp. 0°C add 175 Kgs. Nitrite 

soln. In 1 to 1.5 Hrsstir 2.5 Hrs. Temp. 5 to 8°C 

Stage 3 : Coupling  

1800 Lit water adds ice. temp. 0°C. Add 325 Kgs. Sodium Acetate (to maintain pH 3 to 4). Add 20 Lit. 

Acetic acid. Coupling done 20 Min. Total time 1Hr. 

Stage 4: Hydrolysis 

Transfer above coupling mass in R-21. Add 760 Kgs.(47%) Caustic soda.Heat to 100°C. Temp. Comes 

in 5 Hrs. Maintain for 12 Hrs. Check it. Total time 28 Hrs. If O.K add 500 to 550 Kgs Sodium Bi 

Carbonate. Cool to 75°C. Add 500 Lit. Toluene Stir for 4 Hrs. Filter it and transfer to R-17. Add 5oo Kgs 

salt stir for 12 Hrs. Check losses Filter in Nutch wash it with 500Kgs Brine Soln. Total time 14 Hrs. 

 

3. 5 Nitro ortho Toluediene 

Tosylation: 

Take 4000 Lt water in S.S vessel no. R-21.  Heat the water at 60°C for about1.5 hrs. When the 

temperature rises to   65°C, add 600Kgs Orthotoluidiene which takes about 30 minutes time to unload from 

M.S Drum to reaction vessel by an air pressure barrel pump. Add 10 KgsT. R. Oil. Add 1000Kgs Benzene 

Sulfonyl Chloride and 700 kgs of caustic soda lye to maintain Ph 7, this process takes about two hrs in 

unloading. The rising temperature is maintained at 85°C to 90°C by circulation of water in a jacket. Stir the 

mixture for half an hour. Cool down the temperature to 35 °C to 40°C by circulating water in the jacket for 

about 5 hrs. 

Make four parts of above material for Nitration. 

Nitration:  

From One part     

Make 15 equal parts of the wet cake each of 24 Kgs. Take 900 lit Toluene in S.S vessel No. R. 10 & 11.   

Heat it up to 60°C. Into it add one cake of 24 Kgs of wet cake with 15 liters of 40% nitric acid. With every 

other third cake add 35 cc of 40% Sodium Nitrite solution as a catalyst. Continue the procedure at a regular 

interval of 20 minutes.   Here, the rising Temperature of 60 to 65°C is maintained by circulating water in 

jacket. 

Nitration will complete in 5 Hrs. After completion of Nitration, Cool it upto 50°C. Filter it in Vacuum Pressure 

Nutsche.  First wash it with 40 to 50 liters of Pure Toluene, then with 200 liters of water.  
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Remove wet cake of about 370 Kgs. Toluene received after distillation is 800 to 825 liter. 

Repeat the procedure 4 times. 

Distillation: Toluene Recovery 

Total 3600 liters is used in four parts. After Nitration total red Toluene received is 3200 Lit. Red Toluene 

contains some, isomers from nitration, main product and water which is then send to distillation tank. In the 

distillation tank before the distillation starts add some alkali to remove acidity. 

Hydrolysis: 

Hydrolysis is done in two parts.  

Take 720 Kg Sulfuric acid (98%) in S.S vessel(R-12). Add 15Kg Ice and Nitro body in about 4 to 5 Hrs.  

Maintain temperature up to 45 to 50°C by providing external cooling. After the complete addition of the 

solutions, stir the mixture for about half an hour.  Continue heating upto 60°C.Maintain temp at 70°C 

wherein clear solution is obtained. 

Drowning: 

Take 5100 Lit water and 500Kgs Ice. Draw the Hydrolyzed mass in the tank no.20. Stir well add 1200 Kgs 

Caustic lye. Temperature will rise up to 30 °C. Check the loss. Filter in Nutsche and then centrifuge it. Total 

time for reaction is 4 Hrs. 

Same procedure is repeated for another half of the Nitro body. 

Neutralization of Acid: 

720 Kg Sulfuric Acid + 1200 Kgs. Caustic Soda Lye(47%) = 1001 Kgs. Sodium Sulfate + 30 Kgs. acid 

Production and Main Input 

Raw Material Consumption Annually 

 

Product Name: 1-Phenyl 3-Methyl 5-Pyrazolone 

 

Annual Production Raw material Name Consumption 

209.915 M.T Aniline 122.578MT 

 Hydrochloric Acid 30% 692.690MT 

 Sodium Nitrite 94.208M.T 

 Sodium Bisulfite 367.200MT 

 Soda Ash 382.500MT 

 Ice 1836M.T 

 Aceto Acetic Methyl Ester 145.350MT 

 Process water 1132.200 M.T 
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Product Name: P-Amino 3-Methoxy Azo benzene 3-Sulfonic Acid (Sod.salt) 

 

Annual Production Raw material Name Consumption 

104.257 M.T Ortho Anisidine 53.135MT 

 Formaldehyde 44.279M.T 

 Sodim Bi sulfite 50.478M.T 

 Metanilic Acid 73.857M.T 

 HydroChloric Acid 42.500M.T real 

 Sodium Nitrite 30.995M.T 

 Sodium Acetate 57.562M.T 

 Caustic Soda 65.178M.T Real 

 Vacuum salt 354.233M.T 

 Sodium Bi Carbonate 88.558 M.T 

 Water 1378.853 M.T 

 ICE 637.620 M.T 

 

Product Name:5-Nitro O-Toludine 

 

Annual Production Raw material Name Consumption 

14.455 M.T Ortho Toludine 13.140M.T 

 Benzene SulfonylChloride 21.900 M.T 

 Caustic Soda 23.98 M.T 

 T,R.O 0.0218 M.T 

 Nitric Acid 9.855 M.T 

 FreshToluene 
Tolune Recover on Distilation 

Net Consumption 

13.14M.T 

 Sulfuric Acid 31.536 M.T 

 Ice 273.750 M.T 
 

Water Consumption Batch wise 

1-Phenyl 3-Methyl 5-Pyrazolone 

Batch Size: 685 Kgs.  

Sr. 
No. 

Raw Material Name Consumption of Raw material 
 

Fresh water used in Process 

1 Aniline 400Kgs  

2 Hydrochloric acid 30% 2260 Kgs. Real 690 Kgs  

3 Sodium Nitrite 308 Kgs 300Lit 

4 Sodium Bisulfite 1200Kg 2000Lit 
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5 Soda Ash 1250Kgs  

6 EDTA 5 Kgs  

7 Aceto Acetic Methyl Ester 475 Kgs  

8   1400Lit. washing 

9 ICE(45 Block) 6000Kgs  

10 Total 10323Kgs 3700Lit 

11 Effluent Generated  11000Lit 

 

 

FAST RED RL Base 

Batch Size:660Kgs 

 

Sr. 

No. 
Raw Material  Name Consumption 

 

Fresh water 

1 Ortho Toludine 600Kgs. 4500Lit. 

2 Benzene Sulfonyl Chloride 1000Kg  

3 Caustic soda Lye 450Lit.=325Kgs.100% 1400Lit. Washing 

4 Nitric Acid 450Kgs. Real 650Lit 

5 Toluene 

3600Lit Fresh 

-3000Lit Recover 

600Lit consumed 

2000Lit.Washing 

6 Sulfuric Acid 98% 1440 Kgs 10200Lit 

7 Ice 12500Kgs  

8 Caustic Soda 770Kgs Real 4000Lit.Washing 

9 Total 17685Kgs 22750Lit 

10 Total Effluent Generated  26000Lit 
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P-Amino 3-Methoxy Azo Benzene 3-Sulfonic Acid (Sod.salt) 
Batch Size:580Kgs 

 

Sr. 

No. 
Raw Material Name Consumption Fresh water 

1 Ortho Anisidine 300Kgs. 285Lit 

2 Formaldehyde 250Kgs  

3 Sodium Bi Sulfite 315 Kgs  

4 Salt 1000Kgs 2000Lit 

5 Metanilic Acid 417Kgs. 1200Lit 

6 HydroChloric Acid 240Kgs. Real  

7 Sodium Nitrite 175 Kgs. 300Lit. 

8 Ice 3600Kgs  

9 Caustic soda 365Kgs. Real  

10 Sodium Acetate 325Kgs 2000Lit 

11 Sodium Bi Carbonate 500Kgs  

12 Salt 1000Kgs 2000Lit. 

13 Total 8487Kgs 7785Lit 

14 Effluent Generated  12000Lit. 
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a. Waste Stream & Observations 

1. 1-Phenyl 3-Methyl 5-Pyrazolone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

750 kg solid 

Centrifuge 70- 80 lit water to ETP 
 

Diazotization 

 

1000 lit HCl + 2 tons ICE + 400 kg 
Aniline + 300 kg Sod. Nitrite  
 

Coupling 1400 lit H2O + 350 kg Soda + 1100 
kg Sodium Bisulphite + ICE 1700 
kg (to maintain temp) 
 

Reduction 

Hydrolysis 

Heat the Coupling mix by steam to 
achieve 850C 
 

1000lit HCl + Reduced mass + 
Soda 600 kg + 
 

Esterification 

Neutralization & Filtration 

Neutch Filter 

Filtered mass + Soda Ash (20%) 

 

Neutralized mass + 470 kg Methyl 
Aceto Ester + 100 kg SBS 
 

10000 lit water 
To ETP 
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2. P-Amino 3-Methoxy Azo benzene 3-Sulfonic Acid (Sod.salt) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. 5-Nitro O-Toludine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nitro Mass      : 1637.37 Kg 

H2O                  : 100.93 Kg 

Tosylation 

Ortho Toluidiene : 600 Kg 

BSC                       : 989.71 Kg 

NaOH (Real)        : 224.29 Kg 

Tosylation Body: 1399.04 Kg 

NaCl                    :  481.16 Kg 

ETP waste          : 6083.83 l       

 

 

Nitration 

Tosylation Body: 1399.04 Kg 

HNO3 (Real)      : 353.26 Kg 

Toluene             : 3800 l 

 

Nitro Mass        : 1637.37 kg 

Toluene             : 3800 l 

ETP waste            : 1077.29 l      

 

 

 
Hydrolysis 

5 Nitro ortho      : 852.32 Kg 

Toluidiene 

BSA                       : 885.97 Kg 

ETP waste          : 3841 l 

 

 

Condensation Diazotization Coupling 

Hydrolysis & 

Isolation  

Product To 

Dispatch 

Filtrate goes To 

ETP 

Filtrate goes To 

ETP 
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Waste stream Characterization 

 

(1)  1-Phenyl 3-Methyl 5-Pyrazolone:  

 

  COD : 25000 to 30000mg/lit 

 TDS   : 117000mg/lit 

 Sodim Bi Sulfite : 0.83% 

 Pale yellow to white colour Sol. 

 

 (2)P-Amino 3-Methoxy Azo Benzene 3-Sulfonic Acid(Sod.Salt) 

 COD :65000-70000mg/Lit 

 TDS :320000 mg/Lit 

 Alkali :3.4% 

 PH 10.9 

 Sodium Bi Sulfite 2.91% 

 Dark Yellowish Orange Colour Soln. 

 

 (3) 5-Nitro O-Toludine (Fast RED RL Base) 

 COD: 69000mg/Lit 

 TDS :127200mg/Lit 

 Acidity:3.8% 

 Pale Yellow Colour Soln. 

 Benzene Sulfonic Acid:4.16% 

 

Assessment 

Detailed description 

1. Manufacturing Process of 1- Phenyl 3- Methyl 5 - Pyrazolone 

Diazotization: Charge HCl and ice in Diazo Vessel. Then charge Aniline slowly and achieve 0 – 2 oC. Then 

charge Sodium Nitrite solution. 

NH
2

Aniline          Diazo      

  (93)            (140.5)        (36)      (58.5) 

+  2HCl  +  NaNO
2
    

   (73)         (69)                                           

N=N-Cl

  Diazotization

       0-5 0C
+  2H

2
O  +  NaCl    
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Coupling: Charge water, sodium bisulphite powder/ Liquid, Soda Ash and Ice.  Make above mass of 

neutral pH and then add above diazo mass into this solution. 

2NaHSO
3
  +   Na

2
CO

3
     NaHSO

3
   +   Na

2
SO

3
  +  NaOH  +  CO

2

    
(208)     (106)       (104)     (126)    (40)       (44)

 

N=N-Cl

+  NaHSO
3
  +  Na

2
SO

3
  +  NaOH  +  CO

2
                                                  +  NaCl +  CO

2
  +  Na

2
SO

4

 
     

       (104)       (126)         (40)         (44)            (210)            (58.5)     (44)         (142)                     (140.5)

NH-NH-SO
3
Na

Coupling

 

Reduction: Heat this solution into reduction vessel by steam heating at 90 oC temp. 

Hydrolysis: Transfer this reduced mass to MSRLBL vessel containing HCl. Sulphur dioxide gas is evolved. 

Scrubbed in alkali scrubber, Scrubbed mass is reuse in coupling reaction. 

 

NH-NH-SO
3
Na

 +  NaHSO
3
  +  3HCl           +  2SO

2
  +  2NaCl  +  H

2
O

2

       (104)        (109.5)          (144.5)         (128)        (117)        (34)        

NH-NH
2 
-HCl

    (210)

Reduction

Hydrolysis

Phenyl Hydrazine (HCl)

 

Neutralization and Filtration: Above hydrolyzed mass is neutralize and clarify and taken to condensation 

vessel. 

 

NH-NH
2 
-HCl

2  +  Na
2
CO

3
           2            +  2NaCl  +  CO

2
  +  H

2
O

       (106)      (216)       (117)       (44)      (18)

NH-NH
2 

   (289)
 

Esterification: Above neutralized mass is esterifies by Methyl Aceto Acetate (ester). Cyclised by Sodium 

Bisulfite, Cool the material and filter wash and centrifuged it. Dry it and packed it 
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NH-NH
2 

2                +  2CH
3
COCH

2
COOCH

3
2                +  2CH

3
OH  +  2H

2
O

N - N

C-CH
3

H
2
CCO

Neutralization

Esterification

  (216)  (232)       (348)   (64)  (36)

(1-Phenyl-3-Methyl-5-Pyrazolone)

 

2. Manufacturing Process For Yellow PG Base (P-Amino 3-Methoxy Azo Benzene 3-Sulphonic Acid 

(Sodium Salt)) 

Stage 1 : Omega  Ortho Anisidine 

In reaction vessel 19, take 285 Lit water. Heat to 50°C in 20 Min.add 300 Kgs. Sodim Bi Sulfite 

Powder. Add 250 Lit. Formaldehyde in One Hr. Temp 65 70 °C. Check Ph. Add 300 Kgs O.A in 30 

Min.stirforwhile. Heat to 90°C in 30 Min. Maintain for 3 to 4 Hrs. 

In Vessel 13. Make brine soln. 2000 Lit water+750 Kgs. Salt stir for 2Hrs. Add this brine soln. In 

above Vessel no-19 at 70 to 80°C in 1.5 Hrs. Then add 250 Kgs. Salt in 20 Min.Stir for 1 Hrs.Cool 

to 40°C. Cooling time 3 to 4Hrs. Check Gravity of filtrate. 

Filter in Nutch and centrifuge it. 

Wt. Cake 800 to 900 Kgs. 

NH
2

+ HCHO + NaHCO
3 + NaCl + H

2
O

  NHCH
2
SO

3
Na

OCH
3 OCH

3

+ NaCl +2H
2
O

O-Anisidine Formaldehyde
(37%)

OMEGA ACID

123 30 104 58.5 18 239 58.5 36
 

Stage 2 :Metanilic Acid Diazo 

In R.4 take 1200 Lit water add 240 HCL. Stir 3 Hrs. Add ice 2000 Kg temp. 0°C add 175  Kgs. 

Nitrite soln. In 1 to 1.5 Hrsstir 2.5 Hrs. Temp. 5 to 8°C 

Total diazo time: 7 Hrs. 
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NH
2

SO
3
H

+ 2HCl +NaNO
2 + H

2
O

ICE

N=N-Cl

SO
3
H

C

Metanilic Acid (30%)  Diazo

+ NaCl 3H
2
O+

173 73 69 18 220.5 58.5 54

ICE+

 

Stage 3 : Coupling  

1800 Lit water add ice .temp. 0°C. Add 325 Kgs. Sodium Acetate (to maintain pH 3 to 4). Add 20 

Lit. Acetic acid. Coupling done 20 Min. Total time 1Hr. 

 

  NHCH
2
SO

3
Na

OCH
3

+

OMEGA ACID

239

N=N-Cl

SO
3
H

 Diazo

220.5

+ CH
3
COONa

82

(ICE+H
2
O)

+ CH
3
COOH

60

  NHCH
2
SO

3
Na

OCH
3

Coupling Mass
 Sodium 
 Acetate

Acetic 
Acid

N=N

SO
3
H

423

O °C

Impurities 

(NaCl+3H
2
O+ICE)

+ NaCl + 2CH
3
COOH Impurities 

(NaCl+3H
2
O+ICE)

(ICE+H
2
O)

+

58.5 120

CH4

 

Stage 4 : Hydrolysis 

Transfer above coupling mass in R-21. Add 760 Kgs.(47%) Caustic soda.Heat to 100°C. Temp. 

Comes in 5 Hrs. Maintain for 12 Hrs. Check it. Total time 28 Hrs. 

If O.K add 500 to 550 Kgs Sodium Bi Carbonate. Cool to 75°C. Add 500 Lit. Toluene Stir for 4 Hrs. 

Filter it and transfer to R-17. Add 5oo Kgs salt stir for 12 Hrs. Check loss  Filter in Nutch wash it 

with 500Kgs Brine Soln. Total time 14 Hrs. 

 

Wet cake 750 Kgs 

Real 570 to 580 Kgs 

SO
3
H

423

+ NaOH 
(47%)

+ NaHCO
3 + NaCl 

H
2
O

(ICE+H
2
O)

Impurities 

(NaCl+3H
2
O+ICE)

40 84

(NaCl +2CH
3
COOH)

58.5

  NHCH
2
SO

3
Na

OCH
3

Coupling Mass

N=N

OCH
3

P-Amino 3- Methoxy Azo 
Benzene 3-Sulphonic Acid 

(Sodium salt)

N=N

SO
3
H

307

+
Effluent 
With 
Impurities

NH
2
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Component Balance & Waste Stream Characterization 

Mass Balance Diagram as Per Stoichiometry 

 Basis: 300 Kg Ortho Anisidine 

  

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Ortho Anisidine = 300 Kg 
Formaldehyde    = 73.17 Kg  
NaHCO3    = 253.65 Kg 
NaCl     = 1000 Kg 
Water     = 2285 Kg 
Total     = 3911.82 Kg 

Condensation 

Reaction 

Diazotization at 

0-5°C 

Metanilic Acid = 417 Kg 
HCl(30%)        = 586.66 Kg  
NaNO2  = 166 Kg(Real) 
ICE   = 2000 Kg 
Water   = 1200 Kg 

Total   = 4369.66 Kg 

Metanilic Diazo             = 531.49 Kg 
Water      = 3610.66 Kg 
Impurities                       = 227.51 
Total      =4369.66Kg
    

Coupling 
ICE  = 1600 Kg 
CH3COONa  = 200 Kg 
Water  = 2000 Kg 
Total  = 9002.43 Kg 

Omega Ortho Anisidine = 582.92 Kg 
Water      = 249.85 Kg 
Total      = 832.77 Kg
    

Filtrate =  3079.05 Kg Goes To  ETP 

Dispatch For Sale 

Couple Mass                = 1031.69 Kg 
Water      = 7460.51 Kg 
Impurities                       = 427.51 Kg 
HCl      = 82.72 Kg 
Total      =9002.43Kg 
   

Hydrolysis 
& 

Isolation 

NaOH   = 105.38 Kg 
NaHCO3 = 204.87 Kg 
NaCl  = 1000 Kg 
Water  = 2118.83Kg 
Toluene = 224.38 Kg 
Total             = 12655.89Kg
    

NaOH  = 105.38 Kg 
NaHCO3 = 204.87 Kg 
NaCl  = 1000 Kg 
Water  = 9342.89Kg 
Toluene = 224.38 Kg 
Impurities  = 793.14 Kg 
Total            = 11670.66KG 
Goes To Effluent  

  PA3MAB3SA = 748.76 Kg 
(Sodium Salt)  
Water   = 236.45 Kg
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Manufacturing Process For FAST RED RL Base ( 5 Nitro orthoToluediene) 

1. Tosylation : 

Take 4000 Lt water in S.S vessel no. R-21.  Heat the water at 60°C for about1.5 hrs. When the 

temperature rises to   65°C, add 600Kgs Orthotoluidienewhich takes about 30 minutes time to unload from 

M.S Drum to reaction vessel by an air pressure barrel pump. Add 10 Kgs T. R. Oil. Add 1000Kgs Benzene 

Sulfonyl Chloride and 700 kgs of caustic soda lye to maintain Ph 7, this process takes about two hrs in 

unloading. The rising temperature is maintained at 85°C to 90°C by circulation of water in a jacket. Stir the 

mixture for half an hour. Cool down the temperature to 35 °C to 40°C by circulating water in the jacket for 

about 5 hrs. 

Wet cake Received: 1550-1600 Kgs 

Dry weight          : 1425 to 1430 Kgs 

Drying time     : 6 Hrs 

LPG Used         :38 Kgs. 

Total Time for Reaction is 8 hrs. 

5500-5700 liters of effluent is generated which further goes to the ETP 

Make four parts of above material for Nitration. 

1. Tosylation step 

 

 

NH
2

CH
3

+ + + H
2
O

NH
2

NH SO
2

+

NaOH

NaCl + 2H
2
O

Ortho 
Toluidiene

Benzene 
Sulfonyl  
Chloride

           Tosyl Body

 

2. Nitration :  

From One part     

Make 15 equal parts of the wet cake each of 24Kgs. Take 900 lit Toluene in S.S vessel No. R. 10 & 11.   

Heat itup to 60°C. Into it add one cake of 24 Kgs of wet cake with 15 liters of 40% nitric acid. With every 

other third cake add 35 cc of 40% Sodium Nitrite solution as a catalyst. Continue the procedure at a regular 

interval of 20 minutes.  Here, the rising Temperature of 60 to 65°C is maintained by circulating water in 

jacket. 
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Nitration will complete in 5 Hrs. After completion of Nitration, Cool it upto 50°C. Filter it in Vacuum Pressure 

Nutsche.  First wash it with 40 to 50 liters of Pure Toluene, then with 200 liters of water.  

Remove wet cake of about 370 Kgs.Toluene received after distillation is 800 to 825 liter. 

Repeat the procedure 4 times. 

Distillation: Toluene Recovery 

Total 3600 liters is used in four parts. After Nitration total red Toluene received is 3200Lit.Red Toluene 

contains some, isomers from nitration, main product andwaterwhichisthen send to distillation tank.In the 

distillation tank before the distillation starts add some alkali to remove acidity. 

Complete Pure toluene received is 2736 Liter. 

Remaining tar and water is sent to ETP. 

Volume of Effluent received is 2600-2700 liter 

pH: Acidic 

Wet Cake received: 1480 Kg  

Nitration Step 

CH
3

           Tosyl Body

NH SO
2

+ HNO
3
+H

2
O

CH
3

NH SO
2

NO
2

+ 2H
2
O

Nitro Mass

 

3. Hydrolysis: 

Hydrolysis is done in two parts.  

Take 720 Kg Sulfuric acid (98%)in S.S vessel(R-12). Add 15Kg Ice and Nitro body in about 4 to 5 Hrs. 

Maintain temperature up to 45 to 50°C by providing external cooling. After the complete addition of the 

solutions, stir the mixture for about half an hour.  Continue heating up to 60°C.Maintain temp at 70°C 

wherein clear solution is obtained. 

Drowning: 

Take 5100 Lit water and 500Kgs Ice. Draw the Hydrolyzed mass in the tank no.20. Stir well add 1200 Kgs 

Caustic lye. Temperature will rise up to 30 °C. Check the loss. Filter in Nutsche and then centrifuge it. Total 

time for reaction is 4 Hrs. 
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Same procedure is repeated for another half of the Nitro body. 

Total wet cake received: 1000 Kgs. 

Dry weight cake: 700 Kgs. 

Total drying time :14 Hrs(in a Tray dryer) 

Hydrolysis Step 

CH
3

Nitro Mass

NO
2

SO
2

NH

+ H
2
O

  H2SO4 CH
3

NO
2

NH
2

+

SO
3
H

5 Nitro Ortho 
toluidine

Benzene 
Sulfonic 
Acid

 

Neutralization of Acid: 

720 Kg Sulfuric Acid+ 1200 Kgs. Caustic Soda Lye(47%) = 1001 Kgs. Sodium Sulfate+ 30 Kgs. acid 

Stoichiometric Material Balance 

 

 

 

 

 

 

 

 

 

 

 

 

Tosylation 

 

Ortho Toluidiene : 600 Kg 

BSC                       : 989.71 Kg 

NaOH (Real)        : 224.29 Kg 

Tosylation Body: 1399.04 Kg 

NaCl                    :  481.16 Kg 

Nitration 

 

Tosylation Body: 1399.04 Kg 

HNO3 (Real)      : 353.26 Kg 

Toluene             : 3800 l 

 

Nitro Mass        : 1637.37 kg 

Toluene             : 3800 l 

 

Hydrolysis 

 

Nitro Mass      : 1637.37 Kg 

H2O                  : 100.93 Kg 

5 Nitro ortho      : 852.32 Kg 

toluidiene 

BSA                       : 885.97 Kg 
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CP OPPORTUNITIES 

General CP Guidelines 

 
Fugitive loss control 

To begin at the beginning, one has to keep a watch on losses. Operators generally lose sight of small 

losses, but collectively these create substantial problems. The possible sources for arresting losses are 

tabulated below. 

 

Table: Controlling fugitive losses 
 

Activity 
 

Possible routes of fugitives escaping 

Unloading  Time delay in fitting hose  

 Leaking hose or leaking hose connection  

 Draining of fill lines between changing tanks  

 Leaking container, valves, pump packing, piping, or dykes  

 Electrical failure  

 Using of hooks, puncturing the bags  
 

Storage  Tank overflowing  

 Malfunctioning overflow alarms, level controllers  

 Rusted corroded containers or beds  

 Not seen due to unclean house-keeping  

 Not seen due to poor or faulty illumination.  
 

Transfer  Holes/apertures in hand carts, trolleys  

 Hooked bags especially at lower level of the heap  

 Old residual chemicals at the bottom of shop floor service tank too stale and drained 
to refill afresh.  

 

Process  
 

 Improperly operated process equipment  

 Improperly maintained process equipment  

 Process/product changed, but existing old equipment pressed  

 in service, thus either too high or too low height of freeboard  

 No dyking for shop floor service tank  

 Sudden equipment/tank draining for cleaning at emergency  

 maintenance  

 Uncollected off-specification raw materials  

 Uncollected off-specification products/by-products  

 Leaking container, valves, pump packing, piping, or dykes  

 Electrical failure  
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Managing utilities  

We now examine how waste and loss can be minimized in utilities.  

 

Boiler efficiency tips  

 

(A) Boiler performance  

Boiler efficiency can be improved through proper maintenance and monitoring of operation. The 

seven tips presented here are guidelines for improving boiler efficiency. Conduct a flue gas 

analysis on the boiler every two months to test for fuel/air ratio setting and adjust air/fuel ratio to 

optimize efficiency. The air fuel ratio can be periodically adjusted to the recommended optimum 

values; however, a boiler with a wide operating range may require a control system to constantly 

adjust the air-fuel ratio.  

 

A high flue gas temperature often reflects the existence of deposits and fouling on the fire and/or 

water side(s) of the boiler. The resulting loss in boiler efficiency can be estimated on the basis 

that1% efficiency loss occurs with every 40 0F (19 0C) increase in stack temperature. After an 

overhaul of the boiler, examine the tubes for cleanliness after thirty days of operation. The 

accumulated amount of soot will indicate the frequency of boiler tube cleaning. Check the burner 

head and orifice once a week and clean if necessary. Check all controls frequently and keep them 

clean and dry. For water tube boilers burning coal or oil, blow the soot out once a day. It is 

estimated that operating the boilers without cleaning for a week can result in an efficiency reduction 

of as much as 8%, caused solely by soot accumulation. Purity of water used for steam generation 

is 24 extremely important. Impure water cannot be used as boiler feed. Water treatment prevents 

the formation of scales and sludge deposits on the internal surfaces of boilers. Scale formation 

severely retards the heat flow and causes overheating of metal parts.  

 

(B) Combustion in oil-fired boiler  

A boiler operating with too much excess air can result in unnecessary fuel consumption. Best 

performance can be obtained by the installation of an automatic oxygen trim system that wills 

automatically adjust the combustion to changing conditions. Alternatively, the portable flue gas 

analyzer can be used in a rigorous program of weekly boiler inspection and adjustment for boilers. 

The optimum amount of O2 in the flue gas of an oil-fired boiler is 3.7%, which corresponds to 20% 

excess air. 

 

Energy 

 

Energy is required in an industry for various operations. In the chemical industry, it is needed to 

drive endothermic reactions, to carry out mass transfer operations, to provide optimum reaction 

conditions of temperature and pressure, to drive separation process, to power control and 

communication systems and to provide a satisfactory work environment. Energy requirements are 
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of different types. Mechanical energy is used to compress gases for high pressure reactions; 

thermal energy is used to raise temperature of a reaction; and electrical energy is needed for 

electrolytic processes, for driving pumps or to illuminate works. Energy is derived from fuels. Fuel 

preference depends on its calorific value, ease of handling and distribution, reliability, by-products 

(ash, sulphur), and maintenance .Normal fuel preference, in descending order, is electricity, gas, 

hydrocarbon liquid, fuel oil and coal.  

 

Pumps   

 

Pumps are widely used for the transfer of liquids from one place to another, and from one level to 

another. Pumps are usually driven by electric motors but can also be driven by compressed air or 

hydraulics. There are many types of pumps in use in industry, among which (a) centrifugal pumps, 

used for transfer of large volumes;(b)metering pumps, used for precise delivery of liquids to a point 

of application and ensuring constant discharge, regard less of back-pressures in the lines; and 

(c)progressive cavity pumps or peristaltic pumps, used for delivery of very viscous materials. 

Measures to improve pump efficiency are (a) Shut down unnecessary pumps. (b) Restore internal 

clearances if performance changes significantly. (c) Trim or change impellers if head is larger than 

necessary. (d) Control by throttle instead of running wide open or bypassing the flow.(e) Replace 

oversized pumps. (f) Use multiple pumps instead of one large pump. (g) Use small booster pumps. 

 

Fans  

Fans provide the necessary energy input to pump air from one location to another while they 

overcome the resistance created by equipment and the duct distribution system. Factors that can 

reduce fan efficiency are: excessive static-pressure losses through poor duct configuration or 

plugging duct leakage, improperly installed inlet cone causing excessive air recirculation, oversized 

fan and build up of negative pressure. Reductions in exhaust airflows are usually obtained by 

adjustments of dampers in the duct. More efficient methods of volume control are: install inlet 

damper control, reduce the speed of the fan and provide variable speed control for the fan.  

 

Air compressors  

 

Air compressors often consume large amounts of electricity. There are two types of air 

compressors: reciprocating and screw compressors. Reciprocating compressors operate in a 

manner similar to that of an automobile engine – using a piston to compress the air. Screw 

compressors work by entraining the air between two rotating augers. The space between the 

augers becomes smaller as the air moves towards the outlet, thereby compressing the air. Screw 

type compressors, especially older models, use more energy than reciprocating compressors. This 

is especially true if the compressor is oversized because the screw compressor continues to rotate, 

whereas a reciprocating compressor requires no power during the unloaded state. Energy used by 

air compressors can be reduced by:  
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 Repairing air leaks.  

 Reducing operating pressure.  

 Recovering heat from compressor exhaust or cooling water.  

 Using outside air.  

 Installing low pressure blowers where applicable.  

 

Comparison of raw material usage as per practically and theoretically of 1-Phenyl 3 – Methyl 5 – 
Pyrazolone 

 

 

 

Sr. 
No. 

Name of Material 
Actual 

Quantity 
(Kg) 

Mol. 
Wt. 

Moles 
Used 

Mole 
Basis 

Remarks 

1.  Aniline 400 93 4.3011 
1.000

0 
 

2.  Hydrochloric Acid 678 36.5 
18.600

8 
4.324

7 
Try to reduce, 1.2 

moles excess used 

3.  Sodium Nitrite 308 69 4.4638 
1.037

8 
Ok 

4.  Sodium Bisulphite 1200 104 
11.538

5 
2.682

7 
Try to reduce 

5.  Soda Ash 1250 106 
11.792

5 
2.741

7 

If above quantity 
can be reduce, this 
quantity will reduce 

itself 

6.  EDTA 5     

7.  Aceto Acetic Methyl Ester 475 116 4.0948 
0.952

0 
Ok 

8.  Water 1400     

9.  ICE 6000     

10.  

1- Phenyl 3 – Methyl 5 – 
Pyrazolone 

Finished Product 
Effluent 

 
 
 
 

685 
 

25 

 
 
 
 

174 
 

174 

 
 
 
 

3.9368 
 

0.1438 

 
 
 
 

0.911
4 
 

0.038
6 

 
 

Ok 

11.  Note: Formation of Diazonium Chloride and followed by reduction is to be more tune 
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Financial saving observed due to change in process parameter 

Name of process 
Old 

Parameter 
New Para 

Meter 
Raw Material 

Saved 
Financial Saving 

Diazotisation of Aniline -2°c to 0°C 0°C to 2°C 
Ice Block=2 

No. 
2x Rs.100=Rs.200 

Coupling of Diazo with Soda ash 
and SBS Slurry 

0°c to 2°c 3°c to 4°c 
Ice Block=2 

No. 
2 x Rs.100=Rs.200 

Total saving Per Batch    Rs.400/- 

Four Batch Taken per day    Rs.400 x4=Rs.1600 

Per Month 100 Batch Taken    
Rs.1600 

x100=Rs.16000 

Per Year    
Rs.16000 x12= 

Rs.192000/- 

 
Cleaner Production Observation and Comparison of Raw Material & Product between Theoretically and 

Practically 

 

P-Amino 3-Methoxy Azo Benzene 3-Sulphonic Acid (Sodium Salt) 

 

Name of Raw 
Material 

Molecular 
Weight 

Real 
Quantity On 

Practical 
Basis 

Mole 
Used On 
Practical 

Basis 

Mole 
Basis On 
Practical 

Real Quantity 
On 

Theoretically 
Basis 

Excess 
Quantity 
goes into 
effluent 

Ortho Anisidine 123 300 2.4390 1.0000 300 15  Unreacted 

Formaldehyde 30 92.5 3.0833 1.2642 73.17 19.33 

Sodium 
Bisulphite 

104 315 3.0288 1.2418 253.65 61.35 

Omega Acid 217 500 2.3041 0.9446 529 29 

Metanillic 
Acid 

173 417 2.4104 0.9883 417 15 
Unreacted 

Hydrochloric 
Acid 

36.5 240 6.5750 2.6957 176 64 

Sodium Nitrite 67 175 2.5360 1.0398 166 9 

Caustic Soda 40 365 9.1250 3.7413 105.38 259.62 

Sodium 
Acetate 

82 325 3.9634 1.6250 200 125 

Sodium 
Bicarbonate 

84 500 5.9524 2.4405 204.87 295.13 

Vacuum Salt 58.5 1000 17.0940 7.0085 1000 0 

Finished 
Product 

307 570 1.8566 0.7612 748.78 178.78 

(All Quantity of Raw Materials and Products are given in Kg) 
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List of Cleaner Production Options Based On Literature Survey and Mass Balance as per Stoichiometry 

 

 Reduce the excess quantity of Formaldehyde (37%) in condensation reaction from 92.5 Kg to 

73.17 Kg on trial and error basis on lab scale and then plant scale which is responsible for high 

COD in effluent. 

 Reduce the excess quantity of Sodium Bisulphide in condensation from 315 to 253.65 Kg on 

trial on trial and error basis on lab scale and then plant scale which is responsible for high TSS 

in effluent. 

 Increases the production yield of Omega Acid by maintain the proper ratio of raw materials 

such as formaldehyde and sodium bisulphide. 

 Increase the production yield by process modification through direct reaction of Ortho Anisidine 

with Hydroxymethanesulphonic Acid Sodium Salt (98%) which is available in market and 

eliminate the excess use of formaldehyde and sodium biasulphide which are responsible for 

high COD and TSS in the effluent. 

 Reduce the quantity of Hydrochloride Acid in diazotization reaction of Metanillic Acid from 240 

Kg to 176 Kg which is responsible for high COD. 

 Reduce the quantity of Caustic Soda for maintain the pH on trial and error basis to eliminate 

the high TDS in the effluent. 

 Eliminate use of acetic acid which is responsible for high COD built up in effluent. 

 If possible filter the Metanillic Acid Diazo for reduce the impurities. 

 Maintain the ratio of Metanillic acid Diazo and Omega Acid (from condensation of 1st stage 

reaction) for coupling to increase the production yield of couple mass and if possible to filter the 

couple mass. 

 In hydrolysis, they are using toluene as clarifying agent. But, it goes to effluent and there is no 

recovery. If possible to recover the toluene from the effluent. 

 Take a trial through process modification, to eliminate the condensation reaction and direct 

couple the Ortho Anisidine with Metanillic Diazo for increase the yield of couple mass without 

any loss.   

 Increase the production yield of final finished product (PA3MAB3SA) sodium salt from 76% to 

more than 80% on trial and error basis by maintain the all parameters and start the trial with all 

raw materials based on stoichiometric quantity. 

 Take a trial as per standard procedure which is given in reference Book like ―Production of 

Organic Intermediates (Pharmaceutical and Dyestuff) by K.R. Desai‖ and increase the yield up 

to 84% to 85% based on Metanillic Acid Charge. 
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Cleaner Production Observation and Comparison of Raw Material & Product between Theoretically and 

Practically 

5-Nitro O-Toluediene 

No. Observations Recommendation Remark 
 

1. Excess use of 53 % 
water with NaOH (104.70 

kg excess) 

371 liter water can be reduced by 252.92 
liter.  If NaOH is used stoichiometrically. 

97% Tosylation reaction 
Earlier 93% reaction. 

Reduced use of 71.82 kg 
real NaOH. So accordingly 
80.98 liter quantity of water 

is also reduced. 

2. Excess NaOH generates 
excess NaCl (481.16 kg) 

If  NaOH is used stoichiometrically NaCl 
quantity will be reduced to 328 kg 

Generation of 57.59 kg 
NaCl reduced accordingly. 

3. 10.28 kg Excess is BSC 
used 

 Reduces 10.01 kg quantity 
of BSC 

4. 4000 liter water is used in 
process. 

It can be minimize by trial and error. For reaction to be carried 
out this much quantity is 
required so there is no 

change. 

5. 1400 liter water is used 
for washing 

It can be minimize by providing GHK Industry is trying but it is 
almost 1400 liter use of 

water. 

6. 10 kg T. R. Oil is used. If it is necessary? Check it out There is no other 
alternative. But as it is less 

in amount it can be 
neglected. 

7. Excess HNO3(15.516 kg 
excess) is used 

Stoichiometric use of HNO3 will reduce 
quantity of water (excess 23.27 liter) 

Nitration reaction: Nitration para to methyl 
group is favorable may leads to 100%. It can 
be achieved in plant laboratory by trial and 

error. 

Reduces use of 15.3 kg 
HNO3 

Reduces 23.27 liter water 
accordingly. 

8. 0.56 gm of Nitrite Goes to 
an effluent 

Small quantity. It can be neglected. 

9. Loss of toluene. 384 liter toluene remains with wet cake 
provide steam distillation with wet 

cake.(Steam distillation of wet cake can be 
possible because Nitromass required water 

in Hydrolysis. So there will not be any 
problem with wet cake.) 

83% toluene recovery. 
Earlier 80% toluene was 

recovered. 
After distillation now loss of 
toluene is 7 to 8%, earlier it 

was 16 to 17%. 
COD load  reduces from 
1,00,000 mg/l to 50,000 

mg/l 
Total  Financial saving 

during the year is 
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Rs. 5,63,640 

  200 liter toluene used for washing see 
washing system and provide GHK 

 

  684 liter toluene goes to an effluent. During 
distillation try to recover toluene. It can be 
achieved by trial and error experiment for 

distillation section.(toluene is insoluble with 
water so it can be separated in decanter by 

providing more separation time ) 

 

10. 800 liter water is used for 
washing 

It can be minimize by providing GHK No change. 

11. Stoichiometrically 100 kg 
H2O is required industry 

is using only 30 kg 

 No change. 

12. 885.97 kg BSA is 
generated 

Reaction of Na salt of BSA with Phosphorous 
pentachloride produces BSC which is raw 
material for our process. But It is difficult to 

isolate BSA from Na2SO4 

Try to find out the solutions 
but separation is very 

difficult and costly. 

From the sodium salt of BSA & PCl5 &POCl3, 
BSC can be manufactured. 

 

Separation techniques : 
1. BSA Na salt in effluent – vacuum 

concentrate the waste water to 2500 liter 
or ices , cool and crystallized the sodium 

salt of BSA 
2. BSA free recovery from effluent – acidify 

the basic effluent to 1 pH with sulfuric acid 
then vacuum concentrate to required 

volume, cool crystallize to get free BSA. 

 

13. Drying time after 
drowning is 14 hrs 

 Remains same. 

14. In hydrolysis 10200 l H2O 
+ 1000 kg ice quantity is 

excess 

It can be reduced by trial and error method. No change. 

15. Excess quantity of  
Caustic soda(excess 
1248 kg) generates 

excess Na2SO4 and Acid 

Use stoichiometric quantity of caustic. Reduces 706.54 kg of 
NaOH. So generation of 

Na2SO4 and Acid is 
reduced accordingly. 

Product Yield : 86.66% 
Earlier it was 77.43%. 

 

16. Separation of BSA and 
Na2SO4 

It is difficult. No change. 

17. Green roofing and green 
plantation. 

For green plantation list is ready. It provides 
stabilization of fly ash with plants 

GR Remains. 
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CONCLUSION 

The CP assessment carried out by Gujarat Cleaner Production Center included the detailed assessment of 

the production process of various products manufactured, with in depth analysis of utilities and resources 

consumed. The CP assessment conducted with an objective to identify the cleaner production options 

which will help industry to optimize the resource consumption from present level resulting in increase of 

product yield and reduce environmental degradation by reduction in waste generation & emission. 

Implementation of the identified options and of options proven beneficial in lab trials have resulted the 

industry in increasing product yield from same input raw material & resource and thus reduced the waste 

generation and emission. The industry supported the team of GCPC in sharing and being transparent in 

data & information sharing, conducting the lab trial as suggested and implementation of the measures 

suggested achieving economic as well as environmental benefits  

 

***** 
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Case Study: Chemical Sector – 2 
Introduction 

The unit is a public limited company, listed on both the leading stock exchanges of India –BSE Limited and 

the National Stock Exchange of India Limited. It was incorporated in 1987, and commenced commercial 

operations in 1989. 

 

The unit‘s Chemical Division combines chemistry and innovation with the principle of sustainability to 

address diverse needs of industry.  

 

List of Products 

 Tetra Fluro Ethylene (TFE) 

 PolytetraFluoro Ethylene (PTFE) 

 APTFE 

 

Product 1:Tetra Fluoro Ethylene 

The manufacturing of Tetra Fluoro Ethylene includes cracking reaction, treatment of cracking gas, product 

rectification and gas recycle and recovery of by-product through HCl recovery system as described below. 

Fresh R22 (commonly known as Chlorodifluoro methane) and recycled R22 mixed in a vessel, enter into 

heating furnace along with steam as per a certain flux. After heating they mix together and enter into 

reactor for cracking reaction. During cracking reaction several products are formed consisting mainly of 

C2F4, HCl and traces of other products, un-reacted R22 and excess steam, and then they enter into a 

condenser after rapid cooling in a quencher. In the graphite condenser, steam and HCl are condensed to 

dilute hydrochloric acid, which can be transferred to vessel for sale. 

Un-condensed cracking gas is neutralized, and then is sent into a buffer tank after passing the gas through 

a gas – liquid separator and dryer. The steam, which shall be produced in the quencher and steam drum by 

using the recovering heat from cracking gas, may be recycled in the TFE plant. 

The cracking gas enters into the first stage of the compressor through a buffer drum. Thereafter, the gas 

enters the cooler and the refrigeration dryer to remove most of the moisture before entering the second 

stage of the two-stage compressor. From the second stage of the two-stage compressor, the gas enters 

the second cooler and the gas enters the silica gel dryer for removing remaining moisture. They dry 

process gas can be sent to rectification system after de-oxidation. 

 

Tail gases will be recycled to the suction of the first stage of the two-stage compressor. 
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Process Flow Diagram  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Product 2 : Poly Tetra Fluoro Ethylene 

The liquid TFE monomer from the storage tank is fed into the TFE monomer-metering tank on load cells. 

After weighing, it is heated, vaporized, pressurized and then sent to the Polymerization Reactor. 

Before reaction, the polymerization reactor is charged with the de-ionized water and polymerization initiator 

as well as auxiliary agent. The TFE monomer vapor goes into the polymerization reactor, where it is 

polymerized to form suspended PTFE resins under specific temperature and specific pressure conditions. 

The polymer with the mother liquor from the reaction is discharged out of polymerization reactor into the 

Crushing and washing kettle, where it is crudely crushed. After the crude crushing, the mother liquor shall 

be discharged out of kettle and the further crushing is done with the addition of fresh ion-ionized water. 

The resulting 180μm a medium grain PTFE resins is obtained in the kettle and the water-bearing PTFE 

resins is sent to the drying system by the screw conveyer. 
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The PTFE resins is sent in turn to and dried in the hot air blowing and cold air blowing system. The dried 

PTFE resin is delivered via the cyclone separator to the packaging section for packaging the medium grain 

PTFE resin products or to the fine grain PTFE section. 

The medium grain PTFE resin is pulverized by the Air-jet Mills through feeder to 65μ size. 

The finished products including medium and fine grain PTFE resins are weighted and packed in two LDPE 

bags respectively. The bags are enveloped in drums, which are stored in the warehouse. 

 

 

 

 

 

 

 

 

 

Cold Air 

Wash DI Water  

Monomer 

Monomer 

Condenser 

Monomer Storage 

Tank 

Monomer 

Metering Tank 

Silica gel 

Absorber 

Polymerization 

Reactor 

Hot Water 

Washing 

Crushing & 

Washing 

Cold Air Drying 

PT - PTFE Ware House 

Ammonia Reactor            

Last wash water 

TFE Monomer 

Additives  

Hot Air Drying 

PTFE 



 

 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

Manual on Cleaner Production                        102 

Observations & Suggestions 

The PTFE resins is sent in turn to and dried in the hot air blowing and cold air blowing system. The 

dried PTFE resin is delivered via the cyclone separator to the packaging section for packaging the 

medium grain PTFE resin products or to the fine grain PTFE section. 

The medium grain PTFE resin is pulverized by the Air-jet Mills through feeder to 65μ size. 

The finished products including medium and fine grain PTFE resins are weighted and packed in two 

LDPE bags respectively. The bags are enveloped in drums, which are stored in the warehouse. 

Polymerization of TFE is done in presence of fluoro surfactants and for the stabilization a secondary 

surfactant i.e Tergitol is used for removal of the surfactant to get the final product. The removal of 

surfactant is done by Ultra filtration process where in surfactant is drained into ETP. This lead to high 

COD and foaming in the effluent. Also tergitol is an important raw material for this production process 

which gets drained with wastewater. Around 32 kg Tergitol is lost into effluent stream per ton 

production of A-PTFE.  So, GCPC team has suggested recovery of Tergitol by RO recovery system 

which reduce the loss of tergitol as well as the COD load of the waste water was reduced to 5000 – 

6000 from 100000 mg/litre.  

 

 PTFE 

production  

Use of 

Tg 

Remains in 

product  

Gone to 

ETP       

Tg 

Loss  

Recovery 

from RO 

COD      

 TPA TPA TPA TPA Kg/MT % PPM 

Before 

Suggestion 

1333.4 137.9 95.6 42.3 31.7 0 >100000 

After 

Suggestion 

1858.9 146.7 133.2 13.5 7.3 77   5000 -

6000 
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Cost Benefit Calculation 

 

Quantity of recovered Surfactant 45.35 MT/year 

Cost of Surfactant  440 Rs/kg 

Reduction in Cost of Water treatment 260000 Rs/Year 

Total Saving = (45.35*1000*440) + 260000 

= 20214000Rs 

Cost of the RO recovery system 13000000 Rs 

Operation cost RO recovery system 600000 Rs/Year 

Total Cost of the RO recovery system 13600000 Rs 

Payback Period 8 months 

 

I. Tetra Fluoro Ethylene (TFE) is a monomer used to manufacture Poly Tetra Fluoro Ethylene 

(PTFE) and other polymer products. After completion of reaction, unreacted TFE need to vent 

out to thermal oxidation/incineration, where flue gases like CO2 and HF are generated.  

 

Before CP: 2825 MT/year (loss as vent gas) 

After CP: 2595 MT/year (Vent gas recovered) 
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Process Flow Diagram 
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Monomer vent Polymer Vent  

Loss from 

process 

through 

Cracking 

from Vent 

LV-2 

High 

Vent 

HFP- 1 

High 

Vent 

HFP 

Distillation 

Vent 

Distillation 

Drain 

S-

PTFE 
D-PTFE 

Total 

Loss MT 

Total 

Cost 

Lakhs 

R22 MTA 724 679.5 136.2 0 0 0 1539.7 1539.7 

TFE   MTA 409 1.6 0 38 49.9 686.7 1185.2 2370.4 

HFP MTA 31 31.7 38 0 0 0 100.7 453.15 

Total 2826 4363.6 

From the above vent characteristics it is found that 74% TFE gas loss through vent. Also scrubbing of 

other waste gases generated waste water with high COD, which lead to high treatment cost. 

Product Lost in vent Recovered 

Quantity (MTA) Cost (Cr) Quantity (MTA) Cost (Cr) 

TFE 1185 23.7 1125 22.5 

R22 1540 15.4 1380 13.8 

HFP 100 4.5 90 4.5 

Total 2825 43.6 2595 40.35 

From above table it is clear that about 91.85% vent gas is recovered which saves 40.35 Cr.  

Cost benefit Calculation 

Cost of the project 32 Cr 

Operating Cost 2.79 Cr 

Total Cost 34.79 Cr 

Cost saved on raw material recovery 40.34 Cr/Annum 

Payback period 10.4 months 

 

 

 

 

***** 
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Case Study: Chemical Sector 3 
 

Introduction  

The unit is engaged in the business of manufacturing a range of Agrochemical Intermediates 

(Pesticides and Pesticides Intermediates), Pigment Intermediates, and Organic Pigment Intermediates, 

Dyes and Dye Intermediates and other specialty chemicals, with a major focus on export market. 

Industry has government recognized export house catering to the demanding needs of the industry in 

terms of quality and capacity. Industry caters to over 100 clients across the globe. They market and 

export their products to Japan, the entire European Union, USA, South American countries, South 

Africa, China, Russia, Korea, Taiwan, Turkey, Egypt and others countries spanning all the major 

continents. 

Products 

They are a manufacturer, exporter and importer of the following products 

 Cypermethric  Acid Chloride (CMAC) 

 Cypermethrin 

 Permethrin 

 Alphacypermethrin 

 Metamitron 

RECP Opportunities 

 Yield improvement in the reaction of TBN by replacing the co-catalyst DEA-HCL. 

 Yield enhancement for 4-CB production by replacing the catalyst Boron tri fluoride etherate 
(BF3). 

 Yield improvement hydrolysis process reaction. 

Production of CMAC 

Stage1: Preparation of Tetrachloro Butyro Nitrile (TBN) 

 

 

   

 

 

Reaction of Carbon tetra chloride (CTC) with acrylonitrile (ACN) at 100 to 125°C in presence of cupric 
chloride catalyst, DEA-HCl as a buffer & acetonitrile (AN) solvent gives tetra Chlorobutryo nitrile (TBN). 
Crude TBN is washed with water to remove catalyst complex, DEA. HCl  salt. Solvent AN & excess 
CTC is distilled out. Crude TBN is proceeded further. The purity of basic R/M CTC & CAN is above 99% 
where as crude TBN purity is above 97%. 

Cl 

CCl4    +    CH2 = CH – CN                         CCl3 – CH2 – CH – CN  

CTC               Acrylonitrile                       Tetrachlorobutyro nitrile 

154                     53                                                       207 
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Stage 2: Preparation of Tertachloro Butyric Acid (TBA) 

 

 

 

 

Acid hydrolysis of Crude TBN using 30% of HCl solution at 80°C gives tetra Chloro butyric Acid (TBA). 
After reaction TBA is separated from the bottom & dehydrated upto the moisture level of 0.1% & 
Ammonium chloride solution from top layer is stored in storage tank for sell. The purity of TBA is above 
98%. 

Stage 3: Preparation of Tetrachloro Butyric Acid Chloride (TBAC) 

 

 

 

 

 

Stage 4: Preparation of 2-ChloroCyclobutanone(2CB)Derivative  

 

 

 

 

 

 

 

TBAC is reacted with isobutylene gas in presence of TEA (tri Ethyl Amine) at 70°C under 5.0 kg/cm2 
pressures. n-Hexane is used as solvent. After reaction excess Isobutylene gas is recovered. The whole 
mass is washed with water & Tri-ethylamine hydrochloric acid is separated & further preceded for TEA 
recovery. The organic mass is neutralized with sodium bicarbonate & organic mass is transferred for 
further process. 

Cl      Cl 

  CCl3 – CH2 – CH – CN   +   2H2O    +       HCl CCl3 – CH2 – CH – COOH   +   NH4Cl   

TBN               Water        Hydrochloric                             Tertachloro Ammonium   acid 

  butyric acid chloride 

           207          18                  36.5         226   53.5 

 

Cl      Cl 

  CCl3 – CH2 – CH – COOH   +   SOCI2     CCI3 - CH2 – CH – COCI  +   SO2 +   HCL  

          TBA          Thionyl                  Tetra Chloro butyric       Sulphur        Hydrochloric 
                                                       Chloride                      acid chloride            dioxide                  acid 
            226 119  244.5 64                   36.5 

 

  

Cl  H3C    Cl 

  CCl3 – CH2 – CH – COCI   +                  C   = CH2    CCI3 - CH2 – C-C=0 + HCL  

H3C                                          H3C –C-CH2   
 

H3C                                           
 
   TBAC          Isobutylene                     2-Chloro cyclobutanone        Hydrochloric acid 
                                                                                            derivative 

  

                 244.5                   56          264                             36.5 
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Stage 5: Preparation of 4 ‐Chloro Cyclobutanone(4-CB) Derivative 

 

Preparation of Sodium Salt of Saturated Cypermethric Acid 

 

Preparation of Sodium Salt of Cypermethric Acid 

 

 

 

 

 

2CB is isomerised to 4CB in presence of Boron tri fluoride etherate solution (BF3) & TEA at 120°C. 

4CB is directly reacted with caustic solution gives Na-CMA. This intermediate is not getting isolated. 
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Stage 6: Preparation of Cypermethric Acid 

   

Na-CMA is acidified with dilute Sulphuric acid at Room temperature. CMA is extracted in n-hexane. 

Aqueous layer (sodium sulphate solution) is sent for triple effective evaporator. Organic mass (n-

hexane +CMA) is taken for next process.  

Stage 7: Preparation of Cypermethric Acid Chloride 

 

n-Hexane is recovered from CMA solution. Crude CMA is reacted with thionyl chloride in presence of 

DMF catalyst to give crude CMAC. HCl& SO2 gas generated is scrubbed in water & caustic solution 

respectively. Crude CMAC is distilled out under high vacuum to get pure CMAC (Cypermethric acid 

chloride). The purity of distilled CMAC is above 99%. 
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Process Flow Diagram 
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Assessment for CMAC 

3.1 Block Diagram of the Process (Input & Output) 
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Stoichiometric Material Balance 

 
 
 

Reactants 
 
 
 

Molecular 
Weight 

Prac Qty. 
(kg) 

Prac Qty. 
(kmol) 

Theo. 
Qty. 

(kmol) 

 
 

Excess 
Used  
(kmol) 

 
Excess 
(kmol/ 
kmol) 

 

Excess (kg) 
 

Remarks 

CTC 
 

154 
7504 48.7273 30 7.7727 0.2591 1197 

Recovered in 
Forecut 

Acrylonitrile (99%) 53 1967.13 37.1157 30 6.1443 0.20481 325.65 
Recovered in 

Forecut 

Acetonitrile 41 97.5 2.3780 
    

To Effluent 

DEA-HCl 109.5 54 0.4932 
    

To Effluent 

Catalyst 134.45 50 0.3719 
    

To Effluent 

CTC 154 1687 10.9545 

Fore cut recycle 
 

Acrylonitrile (99%) 53 52 0.9713 

Acetonitrile 41 13 0.3171 

TBN (Product) 207 34 0.1643 

TBN Produced = 6210 kg = 6210/207 = 30 kmol 

water 
(2 kmol) 

18 3920 108.8889 28.7608 80.1281 2.7860 2884.61 
Recycle & used in 

Washing 

HCl 36.5 1680 46.0274 28.7608 17.2666 0.6004 630.23 
Excess HCl send to 

HCL scrubber 

TBA Produced = 6500 kg = 6500/226 = 28.7611 kmol 

T.C. 119 2950 24.7899 22.6994 2.0905 0.0921 248.7731 
Scrub the Excess 

T.C. in SO2 
scrubber 

Catalyst 73 5 0.0685 
    

To Residue 

TBAC Produced = 5550 kg = 5550/244.5 = 22.6993 kmol 

IB 56 1150 20.5357 8.4280 12.1077 1.4366 678.0304 Recovered 

TEA 101 1660 16.4356 
    

Recovered 

2-CB Produced = 4450/2 = 2225 kg = 2225/264 = 8.4280 kmol (One Batch) 

TEA 101 110 1.0891 
    

Recovered 

Catalyst 141.93 30 0.2114 
    

To Effluent 

NaOH 40 1250 31.25 16.8561 14.3939 0.8539 575.7576 
Excess NaOH send 

to  SO2 scrubber 

Na-CMA Produced (Non-Isolated) = (4450/264)*231= 3893.75 kg = 3893.75/231 = 16.8560 kmol 

H2SO4          (98 wt 
%)       (0.5 kmol) 

49 2940 60 10 50 5 2450 To Effluent 

n-Hexane 86 8000 93.0233 
    

Recovered 

CMA (free) Produced = 2090 kg = 2090/209 = 10 kmol 

T.C. 119 1250 10.5042 8.7912 1.7130 0.1949 203.8462 
Scrub the Excess 

T.C. in SO2 
scrubber 

Catalyst 73 5 0.0685 
    

To Residue 

CMAC Produced = 2000 kg = 2000/227.5 = 8.7912 kmol 
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Cleaner Production Opportunities for CMAC 

Based on the study, following CP opportunities has been derived 

1. Replace the co-catalyst DEA-HCL with newer one for increasing the yield of TBN. 

2. Replace the Boron tri fluoride etherate (BF3) catalyst with alternate more selective catalyst with 

aim of efficient isomerization process, to convert 2-CB derivative to of 4-CB derivative.  

3. Give more time for hydrolysis of TBN up to the completion of neutralization reaction with 

maintaining ratio of reactants, as per stoichiometry for increasing the yield of Tetra Chloro 

Butyric Acid. 

 

 
**** 
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Case Study: Re-rolling Sector 
Introduction 

The Rerolling industry has played a key role in the development of infrastructure, housing and industrial 

development of the country in the past 50 years. India has approximately 1800 Re-rolling Mills, 

accounting for over 60% of the total production of Long products in the country. In 2012-13, the Rolling 

Mills produced 24.199 Million tons of Bars, Rods and Structural and were the major suppliers of steel to 

the construction sector and the Industry. The Rolling Mill industry may broadly be classified in to two 

segments i.e. scrap re-rollers and Billets/ Blooms re-rollers. The Rerolling Mills are cost effective due to 

lower capital costs by utilization of indigenous machinery and equipment, consumer intensive through 

meeting their specific requirements of prompt deliveries in the small lots. Besides, unlike the major 

producers, the Rerolling industry is labour intensive and provides employment to two lakh workers.  

Steel re-rolling mill industry in Gujarat has been in existence for over 50 years. The first re-rolling unit in 

Gujarat was set up in 1948 at Bhavnagar. There were 74 re-rolling mills in Gujarat in the year 1981.  

This activity is spread over two major centers in the state i.e. Bhavnagar and Ahmedabad. There are 

about 200 registered re-rolling mills in the state and Bhavnagar has major stake with 100 units. The re-

rolling units are providing employment to approx. 10,000 persons in the state. Most of the operative 

work forces are from the states like Bihar, Rajasthan, and Jharkhand. 

Classification of Re-Rolling Mills  

Classification based on temperature of rolling: 

Under this classification, rolling mills are classified according to the temperature of the metal to be 

rolled. Based on this classification rolling mills are basically of two types: (i) hot rolling mill (ii) cold 

rolling mill. 

 Hot rolling mills – In these mills, rolling is done above the recrystallization temperature of the 

metal. During rolling in these mills the grains, which deform during the process of rolling, re-

crystallize, maintain an equiaxed microstructure and prevent the metal from work hardening. In 

this type of rolling hot rolled metals have very little directionality in the mechanical properties 

and deformation induced residual stresses. 

Hot rolling process can be done during the 

uniform working temperatures. Hot rolling is 

used to break down the blocks in to billets and 

blooms. From that it transfers the material to 

produce new products like sheets, plastics. A set 

of rolls with Compressive forces which was 

applied on the materials to obtain a plastic 

deformation. Due to rolling the cross section of 

the work piece material must be reduced. The material must be passed in between the rolling‘s. 

At that case process of time the material should be pressed it results to length of the work 

 Hot Rolling Process 

http://mechgrid.com/wp-content/uploads/2014/11/Rolling-Types-2.jpg
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piece is increased and thickness is reduced. Hot rolling is done at the high temperature ranges 

only to develop the large deformation. It results to stress free products. The major problem 

occurred at the time of scaling. No dimensional accuracy is maintained during the hot rolling 

process. 

 Cold rolling mills – In these mills, rolling is done below the recrystallization temperature of the 

metal. Rolling in these mills which is normally done at the room temperature, increases the 

strength of the metal through strain hardening. It improves surface finish and holds tighter 

tolerance when compared with hot rolling. 

Cold rolling is used to increase the strength and 

hardening of the material during the process and 

also improves the surface finish of the work piece 

materials. During the cold rolling we can produce the 

products like sheets, bars, rods, strips etc. Cold 

rolling process produce smaller products compare 

with the hot rolling process. Cold rolling does not 

reduce the width of the material when compare to the hot rolling process. In a single pass the 

hot rolling reduce the width of the material. We can see various types of strips and sheets in 

cold rolling process they are skin rolled, quarter hard, half hard, and full hard. By using the full 

hard rolling it reduce the thickness of material by 50 %. Skin rolling reduces the 0.5 to 1 % of 

the material during the process. With the help of cold rolling we can get the high surface finish, 

uniform thickness etc. 

Classification based on the mill product 

This classification is usually done in three ways. The first way of classification is by the type of the 

product. These are: 

 Flat mills – These mills rolls plates, sheets and strips. 

 Long product mills – These mills rolls rounds, rods and shapes. 

The second way of classifying mills on products is based on the nature of the product. These are:- 

 Finishing mills – These mills produced saleable products. 

 Semi finishing mills – These mills produce semi-finished products which need further rolling in 

the finishing mills. 

The third way classifying rolling mills based on products is the historical way of classifying the rolling 

mills. In this classification rolling mills are known by the product they produce after rolling.  

 

 

 

 

Classification based on rolling process 

Cold Rolling Process 

http://mechgrid.com/wp-content/uploads/2014/11/Rolling-Types-3.gif
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Under this classification, the rolling mills can be classified as follows: 

 Reversing mills – In this type of mills the rolling direction changes after each pass. In these 

mills the rolls are stopped, reversed, and then brought back up to rolling speed after each pass. 

In these materials the material being rolled moves in to and fro directions. 

 Continuous mills – In this type of mills the material to be rolled moves only in one direction and 

all the mill rolls rotates only in single direction. There are number of stands provided in the mill 

for giving total reduction to the material being rolled and for giving final shape to the rolled 

product. 

 Semi continuous mills – In this type of mills some roll stands (usually roughing stands) are 

reversing type while other rolling stands (usually finishing stands) constitutes continuous rolling. 

 Tandem mills – A tandem mill is a type of rolling mill where rolling is done in one pass. In a 

traditional rolling mill rolling is done in several passes, but in tandem mill there are 

several stands (>/=2 stands) and reductions take place successively. The number of stands 

ranges from 2 to 18. Tandem mills can be either of hot or cold rolling mill types. 

Classification based on Products 

 IGNOT 

 

Steel ingot is the cast metal with porosity and blowholes. The ingot is soaked at the hot rolling 

temperature of 1200⁰C and then rolled into blooms or billets or slabs.  

 

 BLOOM 

 

Bloom is has a square cross section, with area more than 230 cm2. A slab, also from ingot, has 

rectangular cross-section, with area of at least 100 cm2 and width at least three times the thickness. 

Blooms are used for rolling structural products such as I-sections, channels, rails etc.  

 

 BILLETS 

 

A billet is rolled out of bloom, has at least 40 mm X 40 mm cross-section. Billets are rolled into bars, 

rods. Bars and rods are raw materials for extrusion, drawing, forging, machining etc. Slabs are meant 

for rolling sheets, strips, plates etc. 

 

 

 

 

 

 

 

 
Classification of Products 
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Process Flow Diagram of Re-Rolling Mills  
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Process Description 

1) Raw Material: Raw material of cold rolling process is the product of hot rolling mills. Stainless steel 

sheets from hot rolling process having a thickness of 1.5 mm (approximately) which is then rolled to 

reduce the thickness to 0.67 mm(approximately). 

 

2) Annealing process: The sheets obtained from the hot 

rolling process is sent to annealing furnace of cold rolling 

which is flat and holds a temperature of about 1000-1200 

C(approximately). The main purpose of annealing is that it 

removes the hardness present in the sheet. As soon as the 

sheet comes from the other end, the sheet reacts with the 

atmospheric oxygen after that carbon dust or process dust is 

generated on the surface of the sheet. The annealing 

furnace uses both CBFS (Carbon Black Feed Stock) and 

gas as the fuel. Annealing furnace is insulated with different 

insulation materials from the inside surface to prevent the 

maximum heat loss from the furnace. 

 

 

3) Acid Pickling: This process contains Sulphuric acid, Nitric 

acid and Hydrofluoric acid. The sheet after being annealed 

is dipped into the first tank sulfuric acid and water. This 

removes 80% of Carbon present on the sheet. Then in the 

next tank discarded acid and Hydrofluoric acid is present. 

Continuous manual agitation is provided so as to remove 

the remaining percentage of carbon and get a shiny surface 

on the sheets. The last bath involves 40% Hydrofluoric acid, 

60% Nitric acid and 98%Sulphuric acid. This slot is the fresh 

combination of acid. After the last dip in the mixture of acid, 

the sheets are rinsed with water. 

 

4)  Rolling: This is done so as to reduce the thickness of the 

sheet. From 1.5 mm the thickness is reduced to 0.85 mm. 

The whole setup is called as ―back up-drive‖. The process 

uses 75hp motor and a reduction gear box. Inward 

temperature of the operation is room temperature whereas 

the outlet temperature is around 900C(approximately). 
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5) Annealing: The sheets which are rolled in the rolling 

mills are future annealed in an annealing furnace to 

further increase in its strength and hardness so that it 

can be reduce further in the rolling mills to bring its 

thickness to 0.65mm and to further elongate it in 

standard size. It is carried out at 1100ºC(approximately) 

for annealing. 

 

 

 

 

6) Re-Rolling: The sheets obtained after the annealing 

process are further rolled in the forward drive rolling mills 

to provide smooth finish to the sheet and is sent to 

packing division after checking the material of the rolled 

sheets. 

 

 

7) Sheet Level machine- The sheets are then passed through the sheet level machine where the sheets 

are leveled up to maintain uniformity and to ensure proper quality of the sheet. 

 

8) Packing- The final placement of items or packages (SS PATTA-PATTI) in exterior shipping containers 

or other media, including necessary blocking, bracing, cushioning, weatherproofing, exterior strapping, 

and marking. 

Waste Identification 

 
Process 

 

 
Types of Waste Generated and Its Amount 

 
 
Annealing 

Waste Type: Solid 

 Process Dust 

  It is grey colored iron oxide waste which precipitates out after the completion of 

Annealing Process. It consists of elements such as Cr, Fe, etc. 
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 Amount of dust generated:2.5 to 3 % of Input batch/day 

 Heat Losses: Heat losses observed when operating both hot and cold rolling 
furnace operations 

 

 
 
 
 
 
 
Pickling 

Waste Type: Liquid 

 Spillage loss 

 It is the spillage loss which is occurring from the pickling tank during the 

pickling operation of dipping the sheet in and taking it out of the pickling tank. 

The spillage solution is the mixture of three acids (HF, H2SO4, and HNO3) in 

water in different concentration. 

 Amount of acidic water loss( approx.): 3 kLD ( mixture with acid)   

 Waste Acid 

 It is the acidic solution containing different concentration of acidic mixture. Due 

to the pickling operation, after performing the certain no. of operation of 

cleaning the sheets the reactivity of the acidic solution decreased so the less 

reactive solution is of no use for further cleaning. 

 Amount of acid going to ETP( approx.): 7.5 kLD to ETP 

 Acid Fumes 

 The solution contains mixture of different acid which is present in different 

proportion. During the pickling process, the top and bottom surface of the sheet 

reacts with the acidic solution. The fume generated during the process creates 

irritation and breathing problem for workers working over there.  

 May cause skin irritation; 

 May cause serious eye irritation; 

 May cause respiratory irritation, single exposure;  

 
 
Effluent 
Treatment 
Process 

Waste Type: Solid  

 Sludge Generation  

 The acidic solution containing different concentration of waste acid is 

neutralized by treating it with the lime in the effluent treatment plant. Due to 

this, Solid waste is generated in large amount. These is sludge is sent to the 

TSDF site.  
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Cleaner Production Options 

 

Sr. 

No. 

CP Options Economic Benefits Environmental Benefits 

1. Use of Process Dust in 

Brick & Paver Making 

 Saving in disposal cost  Reduction in dust 

emissions 

2. Use of Process Dust in 

Sinter Making Plant 

 3% of process dust can 

be minimized 

 Reuse, Recycle 

 Reduction in dust 

emissions 

3. Use of CNG as fuel in 

reheating furnaces 

 High CV of as compared 

to other fuel 

 Safe & Easy to store 

 Clean & Green Fuel 

 Reduces risk of SOX 

4. Need of Quenching   Good final strength of 

material 

 Minimizing heat loss 

5. Energy efficient reheating 

furnace 

 Estimated Energy saving 

by 20-27% 

 Fuel saving by 25% 

 Minimizing heat loss 

6. Use of VSD on combustion 

fans 

 Estimated Energy saving 

by 4-9% 

 Cost of equipment: 5.5-

7.5 lac 

 Natural Resource saving   

7. Solar Sludge Dryer  Disposal cost can be 

reduced by 80% 

 Easy handling & no 

storage required 

 Estimated Cost: Rs. 8 lac 

 Renewable source can 

be used 

 Less load to ETP  

 Amount of gypsum waste generated : 1200 to 1400 Kg/Day (approx.) 

Air 
Emissions  

Waste type: gas 

 Annealing furnace- The emissions from annealing furnace are generally are under 

the permissible limit  

 Pickling section– acid fumes (Under permissible limit) 

Other  Spillage of Oil and grease from machineries in the industry  
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8. Rotary Drum Dryer  Estimated Cost: Rs. 

72,000 

 Payback Period: 8 years 

 

 Less load to ETP 

9. Acid Regeneration   Manpower can be saved 

 Estimated Cost: 14 lac 

 Less load to ETP 

10. Installation of Closed 

Pickling Tanks 

 Estimated Cost: 27 

lac(approx.) 

 Easy Handling  

 Worker‘s safety  

 Fumes generation can 

be reduced 

11. Sludge from ETP to 

Cement Industry  

Sludge from ETP for 

making Calcium Carbonate 

 Saving disposal cost   Reuse, Recycle 

 Less load to ETP 

12.  Saving disposal cost   Reuse, Recycle 

 Less load to ETP 

13. VFD PID controller  Maintaining Air to Fuel 

Ratio 

 Estimated Cost: 5-10 lac 

 Fuel saving – 5-10% 

 CO2 Emissions can be 

reduced by 5-10% 

14. Variable Voltage Variable 

Frequency (VVVF) drive 

 Estimated Cost: 5-7 lac 

 Power consumption can 

be reduced by 2-3% 

 CO2 Emissions can be 

reduced by 2-4% 

15. Universal spindles & 

couplings 

 Estimated Cost: 10-15 lac 

 Power consumption can 

be reduced by 5-8% 

 CO2 Emissions can be 

reduced by 5-10% 

16. Antifriction roller bearings  Mill utilization can be 

increased by 5% 

 Power saving by 3-5% 

 CO2 Emissions can be 

reduced by 3-5% 

17. Installation of tilting table  Mill utilization can be 

increased by 5-10% 

 Power consumption can 

be reduced by 6-8% 

 Reduced manpower 

 

 CO2 Emissions can be 

reduced by 6-8% 

18. Oxy-Fuel Combustion 

Systems  

 Fuel consumption can be 

reduced by 30-35% 

 CO2 Emissions can be 

reduced by 30-40% 

19. Less Availability of Fire 

Extinguisher 

-   Controlling Fire during 

accidents 

 Worker‘s safety 

20. Safety guards for rolling -   Less Scrap generation 
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processes  Worker‘s safety 

21. Facility of drinking water for 

workers 

-   Worker‘s health 

22. Rest room for workers -   Worker‘s health and 

Safety 

23. Close fitting/protective 

clothing must be worn 

-   Worker‘s health and 

Safety 

24. Safety glasses must be 

worn at all times in work 

areas. 

-   Worker‘s health and 

Safety 

 

***** 
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Case Study: Pulp and Paper Sector 
 

Pulp and Paper Industry 

The pulp for paper making may be produced from virgin fiber by chemical or mechanical means or may be 
produced by the re-pulping of recovered paper. A paper mill may simply reconstitute pulp made elsewhere 
or may be integrated with the pulping operations on the same site. A wide range of fibrous raw materials, 
chemicals, fillers & additives, water, energy and labour are utilized during the V pulping and paper making 
process. Better utilization of the inputs and reuse of by-products / wastes is a key factor, which controls the 
economics of pulp and paper manufacturing. This section will give a general overview about the pulp and 
paper process. 

 

 

 

 

 

 

 

 

From the Indian perspective, the overall pulp & paper sector could be understood from three broad 
groupings: 

 Wood based 

 Agro based 

 RCF/Wastepaper 
 

 
 
 
 
 
 
 
 
 
 

Inputs 

Raw materials 

Wood 

Agro residues 

Wastepaper 

Pulp 

Water 

Energy 

Chemicals 

Non-Fibrous Additives 

Clay 

Chalk 

Dyes 

Starch/Alum/Rosin 

 Others 

 

Pulp & Paper Making 

Processes 

Outputs 

Wood Pulp 

 Newsprint 

 Writing & Printing 

 Paperboard 

 Specialty paper 

 Solid Waste 

 Air Emissions 

 Malodorous releases 

 Non-recoverable Fibre 

 Treated effluent 

 Treated effluent-recyclable 

Recoverable Fibre 
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Flow Chart  
 

 

  

 

 

 

 
Manufacturing Process 

Wastepaper Storage: Wastepaper or raw material furnish is normally delivered to the paper mill in the 
form of bales. The bales are opened by cutting the wires or straps that are collected and sold as metal 
waste. To some mills, raw material furnish is also delivered as loose material in truck or by bulk dumping. 
The pre-cleaned raw material furnish is stored in stock yard for further processing. 

Re-pulping of the raw material furnish: The pre-cleaned wastepaper or raw material furnish is put into a 
hydro-pulper together with hot water or white water, and pulped with mechanical and hydraulic agitation 
resulting in their disintegration into fibres. As per paper grade, at times certain chemicals are also added 
(say for newsprint variety). Different technical solutions are available for various types of raw materials and 
products. There are three types of hydro-pulper: low consistency (LC: 4-6% DS), high consistency (HC: ca. 
15 - 20%) and drum pulpers. There are batch and continuous types. Contaminants and clusters are 
removed continuously during operation by a dirt trap (e.g. screen plate) and are sent to a reject conveyor, 
in order to avoid the contaminants breaking into small pieces or accumulating in the hydro-pulper. There is 
an increasing use of secondary pulpers for further defibration, deflaking and cleaning from heavyweight 
(HW) and lightweight (LW) dirt. The installations trade under different names but are based on similar 
functioning. Also screening drums are used. Various types of ―Hydro-pulpers‖ are used to convert recycle 
fibre to pulp by mechanical slashing. Normally, the water for disintegration is totally re-circulated as process 
water that comes as white water from the paper machine. 

Mechanical removal of impurities (Pre & Post Cleaning): The removal of mechanical impurities is based 
on the differences in physical properties between fibers and contaminants, such as size, specific gravity 
compared to fibers and water. Basically there is screen-type equipment with different dimensions of screen 
opening (holes and slots) and various types of hydro-cyclones (high consistency cleaners, centrifugal 
cleaners etc.). Any plastic material impregnated in raw material furnish is removed using turbo-separators. 
The next process stage is screening to separate contraries, which are larger than the openings of the 
perforated baskets of the pressurized screens. The selection of screen type depends on end product and 
the quality of the fiber furnish used. Coarse screening (3-4% consistency) for the removal of coarse 
contaminants during stock preparation can be distinguished from fine screening in the approach flow (1% 
consistency) of the paper machine. Depending on the furnish quality to be achieved, the stock preparation 
plant for recovered paper processing has to be equipped with additional machines such as fractionators, 
dispersers or refiners. A fractionators separates the pulp in two fractions rendering it possible to treat short 

Raw material 

Preparation section 

Pulping  

Pulp Washing and 
Bleaching section 

Stock Preparation 

System 

Paper Machine 

Alum Rosin Water 

Additives

Chemical 
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and long fibers of the pulp slurry in different manners. The energy demanding process of disperging can be 
performed in order to achieve improved fibre-to-fibre bonding (better strength characteristics) in the paper 
produced and to reduce visible dirty specks in size. A stock preparation plant for the processing of 
recovered paper can be optionally equipped with refiners to improve optical and strength characteristics of 
the paper. Refining is associated with a substantial energy demand. 

For the production of packaging papers or board from recovered paper i.e. test-liner and corrugated 
medium, only mechanical cleaning is applied i.e. no deinking process is needed. 

Closed water loops operate satisfactorily from the point of view of manageable plant conditions and good 
product quality if around 3 to 4 m³ of process water per tonne finished stock are treated in an integrated 
biological clarification plant. In the case of newsprint, the raw material used is a typical deinked pulp 
consisting of a 50:50 mixture of newspapers and magazines. The system is characterized by a two-stage 
flotation and bleaching combined with an intermediate dispersion. For De-inked Pulp, this process is 
applied. 

Generally ink constitutes 0.5 to 2% of the mass of the waste paper. 

Deinking can be done by two methods, washing and flotation depending upon the requirement. 
The washing deinking is less effective in the removal of large ink specks >20 microns whereas flotation 
deinking is less effective in removal of small ink specks <20 microns. Though smaller particles can be 
removed by flotation, if they are agglomerated to form large particles. Better results are achieved by 
combination system of the above two methods. Although some ink is removed by screens as well as 
centrifugal cleaners. Most ink is removed by either or both flotation and washing. 
 

Issues identified 

 Less efficient electrical equipment 

 Inefficient fibre recovery system 

 Looping of waste (processed paper) 

 Management of plastic waste 

 Inorganic build up and high COD stream generation 

 Inappropriate water quality for high quality product. 

 High heat loss through dryer 

Technical measures identified for four categories 

 Fiber and process water recovery 

 Substitution and Process optimization 

 Energy Conservation strategies 

 Waste Utilization 

Details are given below: 

Fiber and process water recovery 

1. Control over ―Deckle Guard‖ and ―Edge Cutter‖ to minimize circulating Pulp load. 
2. Secure fan pump to have dedicated sump to maximize paper machine approach system white-

water recovery. 
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3. Deploy on-line Bentonite treatment for enhanced process water circulation quality and yield 
improvement. 

4. Side Hill Screen/Drum Thickener versus better thickener system for least carryover of TSS (Fibre 
equivalent) in process circulation water. 

5. Introduce ―Save-All‖ for pulp making or paper machine surplus stream or combined one, with 
control over COD & conductivity build-up, with planned purging to ETP. 

6. Avoid centri cleaner & Pressure Screen rejects getting into Back-water (or white-water) circulation. 
7. Introduce poire system for effective separation of plastics waste from residual recoverable fibre 

contents. 
8. Introduce dedicated ―Broke-Pulper (slasher)‖ for processing Machine Broke & Trimmings directly to 

Machine Chest, as against current system of contaminating entire pulp stream via Hydro-Pulper 
(start of process). 

 
 

Substitution and process optimization 

1. Replace ―PAC & Rosin‖ size chemicals with AKD sizing chemicals for overall reduction in 
circulating process water chemical build-up & yield improvement. 

2. Segregate salt laden softener discharge, boiler blow-down and domestic wastewater from the 
process water circulating system. 

3. Sustain circulating process water quality in terms of COD within 5,000 to 7,500 mg/l (or 
Conductivity < 10,000 μ siemens/cm) by controlled purging via primary & secondary wastewater 
treatment system. 

4. Inter-lock Hydro-pulper and down-stream Thickener operations to avoid overflow of pulp and/or 
filtrate from filtrate storage tank. 

5. Introduce automatic self-cleaning Rotary Screen as pre-treatment to raw effluent at inlet of ETP, 
with an aim to eliminate primary clarifier system. 

Energy conservation strategies 

1. Insulate ―Drier Ends‖ for reduction in steam consumption; thereby reduce fuel consumption as well. 
2. Aim for condensate recovery > 85%. 
3. Introduce VFD for Turbo-separator, Torque Control Unit for Hydro-Pulper and review all rotary 

drives > 15 H.P for Power Factor improvement beyond 0.95. 
4. The biological treatment system requires up gradation, preferably in diffused aeration mode and 

with better control over ―Activated Sludge Process‖ mode, including MLSS Control. 
5. Opt for low head, high discharge submersible type pumps in ETP area and applicable in process 

areas for energy efficiency in effluent & pulp transfer operations. 
6. Introduce three levels Controller (regular, peak & dry run protection) for critical feed pumps (inlet of 

ETP) for energy efficiency and to avoid effluent back-up in drains and improve local hygienic 
conditions. 

 

Waste utilization 

1. The centrifuge for sludge dewatering is not energy efficient. It is operation & maintenance 
intensive, consumes spare parts heavily and cannot inherently generate sludge cake beyond 30% 
solids content. In lieu of this, a polypropylene cloth based Filter Press (with Pressure Regulating 
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Device) is advantageous to deliver cake > 45% solid content. Use such cake after solar drying as 
fuel in boiler operations. 

2. The plastic waste may be subjected to extrusion to get fuel pellets, after pre-drying, and both 
fibrous sludge & plastic pellets could be a better fuel alternative for at-source (or cluster level) 
management. However, air pollution control systems need to be upgraded. 
 

Cleaner Production Options 

Sr. 
No. 

CP Option Investment Saving Payback 
Period 

Benefits 

1.  Broke & Trimming 

Reprocessing Optimization 

Rs. 10,000. Rs. 3, 60,000 

per annum 

10 days  Reduction in carbon 

emission 

 Reduction in electricity 

consumption 

2.  Continuous Operation of 

Clarifier as ―Save All‖ 

 Negligible - -  Reduction in TSS level 

by 40 %;  

 Recovery of fiber 

3.  Reduction in the ―Edge 

Cutter‖ Waste by 

Adjustment of ―Deckle 

Guard‖-1 

No capital 

cost 

Rs. 24,75,000 

per annum 

- - 

4.  Installation of Poire for 

Fibre Recovery from 

Coarse Rejects (Plastic 

Waste) 

 

Rs. 

80,00,000 

Rs. 36,00,000 

per annum 

 

 

26 months - 

5.  Efficient Fiber Recovery 

through Poly Disc Filter & 

Quality Process Water for 

Recirculation 

Rs. 150, 

00,000 

Rs.36, 00,000 

per annum 

4 years  Recovery of fibre 

6.  Process Modification - 

Recovery of Fiber from 

Couch Pit and 2nd Stage 

Centric-cleaner 

Rs. 1, 

70,000 

Rs.14, 17,500 

per annum 

2 months  

7.  Reduction in Fiber Loss at 

Drum Thickener 

- - -  Recovery of Fiber 

 Reduced production 

cost 

 fibre saving of 1.33 

Mt/day 
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8.  Product Change – Natural 

Shade Paper Production 

No capital 

cost 

Rs. 7, 20,000 

(Dye Cost) 

per annum 

  Reduced in ETP load  

 Improving recirculation 

water quality 

9.  Efficient Fiber Processing 

by Recovery through 

Rotary Screen-2a 

Rs 

35,00,000 

Rs. 36,00,000 

per annum 

Immediate 

payback 

 

10.  Secondary Treatment at 

ETP for Meeting Discharge 

Norms 

Rs. 30, 

00,000 

   Reduced Penalty cost 

from CETP company 

11.  Acidic Sizing (Alum & 

Rosin) Replaced by 

Surface Sizing 

Rs. 54, 

00,000 

Rs. 35, 

32,500 per 

annum 

19 months  Product quality 

improvement 

12.  Condensate Recovery Rs. 20,000 Rs. 3,60,000 

per annum 

20 days  Reduced fuel 

consumption 

13.  Optimization of Heat 

Losses in Paper Dryers 

    reduced average steam 

consumption up to 75 kg 

per ton of paper 

 Reduced in average fuel 

consumption up to 29 kg 

per ton of paper 

production. 

14.  Variable Frequency Drive 

on Major Electrical Motors 

Rs. 17, 

00,000 

Rs. 20, 

79,000 per 

annum 

10 months  Reduced in Energy 

Consumption  

 Reduced in Carbon 

footprint 

15.  Efficient Plastic Waste 

Handling 

Rs. 

5,00,000 

   Low labour cost of about 

Rs. 500 per Ton of 

plastic waste 

16.  Pressure Regulating 

Device on Filter Press for 

Efficient Moisture Removal 

Rs. 

3,00,000 

   improved water recovery 

 

**** 
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Case Study: Ceramic Sector 

Introduction 

Ceramic industry mainly deals with different types of clays and minerals and other natural earthen material, 

with different composition for different type of categories and the basis of their composition; they are 

divided into different sub-sectors. They can be understood as follows.  

 Wall and Floor Tiles 

 Refractory Products 

 Table and Ornamental Ware (Household Ceramics) 

 Sanitary ware 

 Technical Ceramics 

 Low tension and high tension insulators 

 
Wall and Floor Tiles 

Ceramic tiles are thin slabs made from clays and/or other inorganic materials, generally used as coverings 

for floors and walls. Ceramic tiles are usually shaped by extrusion or dust pressing at room temperature, 

then dried and subsequently fired at temperatures sufficient to develop the required properties. 

The main product segments are the Wall Tiles, Floor Tiles, Vitrified and Industrial Tiles. The market shares 

(in value term) are 20%, 30%, 50% and 70% respectively. They are available in a wide variety of designs, 

textures and surface effects. 

 Product Share in the Organized Sector 

Glazed Wall Tiles - 40%

Glazed Floor Tiles - 46%

Unglazed Vitrified Tiles - 8%

Glazed Porcelain Tiles - 6%
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Product Share in the Unorganized Sector 

Glazed Wall Tiles - 57%

Glazed Floor Tiles - 35%

Unglazed Vitrified Tiles - 6%

Glazed Porcelain Tiles - 2%

Product Share in the Unorganized Sector 

Glazed Wall Tiles - 57%

Glazed Floor Tiles - 35%

Unglazed Vitrified Tiles - 6%

Glazed Porcelain Tiles - 2%

Ceramic wall and floor tiles are important wall and floor covering products used in the building and housing 

industry and, therefore, the maintenance and renovation market is of special importance to these products. 

Other applications are the use of tiles for external facades, swimming pools and public areas. 
 

Sanitary ware                                                                                                                                   

The manufacture of sanitary ware follows processes similar to those which apply to all the other ceramic 

products. Sanitary ware is one of the biggest sectors at present. Ceramic sanitary ware is used for 

sanitation purposes. Sanitary ware products range from wash basins, closets, urinals, sinks to bath tubs 

etc. Because of its good properties like good corrosion resistance, glazy surface with different appealing 

colours, the use of sanitary ware for sanitation purpose has not yet been remarkably replaced by other 

materials like steel, fiber etc. The ceramic sanitary wares are rather cheap, easy to clean and are available 

in various colours. 

 

Technical ceramics 

Technical ceramics are applied in many industries and cover both, established products like insulators and 

new applications. They supply elements for the aerospace and automotive industries like engine parts, 

catalyst carriers; electronics like capacitors, piezo-electrics; biomedical products like bone replacement; 

environment protection like filters and many others. 
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General Ceramic Manufacturing Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Raw Material Storage 

Different types of clays are transported to the plant via trucks and unloaded manually to store in the storage 

yard with separate compartments for each type of clay. 

 

Body Preparation 

Body preparation methods used include wet and dry rotary or vibratory grinding in cylindrical pebble mills to 

reduce raw materials to precisely controlled fineness; blunging by rotating paddles in octagonal-section 

vessels to disperse clays and to blend the body constituents (thorough homogenizing is essential in 

technical ceramics generally); dry and semi-wet mixing in pan-mills; filter-pressing; de-airingpug extrusion; 

Stages in the manufacturing of Ceramic Products 

Mining of raw materials & transport 

to ceramic plant 

Storage of raw 

material 

Preparation of 

raw material 

Electric Power Auxi. Agents Water Raw Material 

Shaping 
Production of 

moulds 

Drying 

Surface Treatment 
Glaze 

Preparation 

Firing Fuel Storage 

Subsequent Treatment 

Product 

Flue gas 

cleaning, 

dedusting 

Recycling 

Water 

Treatment 

Reuse of 

raw material 

Noise 
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to air 

Waste 

Waste 

Water 
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and, less frequently. Slip mixing for slip casting. Magnetting is also an important step, to remove traces of 

metallic iron. 

 

Shaping techniques used for clay-based bodies are also similar to the traditional ones. For example, plastic 

methods are widely used, such as jollying-that is beating the plastic body into a plaster mould to provide the 

external shape, and shaping the inside by applying a metal tool with the mould rotating. Pressing in steel 

moulds, either in the plastic or semi-dry state is also very common, although for the latter the conditions are 

somewhat different from those used in tile pressing. Slip casting is only rarely used. 

 

Firing methods are generally similar to those used for the more conventional types of ware, but have to be 

modified for certain materials and in some cases new techniques have had to be devised for example hot 

pressing. 

                 

Blending: It will be assumed that the raw materials have been ground to the correct particle size either by 

the supplier or the user, and are ready to be mixed, e.g. quartz and felspar. 

                 

There are three essentials in mixing bodies for high quality technical ware: accuracy in batching, 

homogeneity, and freedom from contamination. 

 

De-watering 

 

After checking moisture and hardness, the filter cakes are either stored in a humidity chamber or used 

directly. Formerly it was the custom to store filter cakes over a long period to mature, and it was known for 

a clay worker to lay down stocks of filter cakes for use by the next generation. This gave a homogeneous 

body with high plasticity, but long storage is now generally considered unnecessary, with the almost 

universal use of the de-airing pugmill. If required for pressing, the cakes are partially or completely dried 

and disintegrated. 

Binders or plasticizers may have to be added to low-clay bodies, this is sometimes done in the mill, so that 

the additives become adsorbed on the solids, to give uniform distribution in the filter cakes. 

 

Granulation 

 

When fine materials are to be shaped by pressing in steel dies they must first be made free-pouring by 

compacting in one way or another, followed by breaking down the aggregates in to granules, which will 

then pour easily and evenly into the die cavity. 

 

There are three commonly used methods:- 

a. Wet granulation, in which the semi-plastic mix is forced through a woven screen of say 16-mesh by 

means of a rocking arm granulator. 



 

 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

Manual on Cleaner Production                        134 

 

b. Dry granulation, where the dry or nearly dry material is pre pressed in a steel die, and the pressings 

then broken down and the granules graded as for semi-wet press material. 

c. Spray drying. This technique was originally developed for the production of dried milk and other food 

products, and for pharmaceuticals. It was first used in ceramics for producing pressing material for very 

small ferrite rings and was later used for porcelain, steatite and other ceramics. 

Throwing 

Although obsolescent, throwing on a potter‘s wheel is still in use to a limited extent for pre-shaping extruded 

blanks for high tension insulators, before the final turning operation. It is also said to help to homogenize 

the plastic body and to destroy the orientation patters produced by pug extrusion. However these 

advantages have to be weighed against the cost of this skilled extra operation. 

Jollying 

This is widely used, in conjunction with turning, for making high tension insulators. The technique is 

basically the same as that used for domestic ware. Modifications are made for shaping particular types of 

insulators; for example, provision has to be made for horizontal movement of the tool, for jollying deep 

cavities with undercuts or tapers. Great care has to be taken to avoid introducing strains, which may give 

rise to local dielectric weaknesses in the fired article, and for this reason stock is removed in small amounts 

at a time. 

Semi-wet pressing 

 
This is the main shaping method used for a great variety of low tension porcelain parts. It is included under 

plastic shaping methods because, unlike dust pressing as used in the tile industry, for which a moisture 

content around 8% is typical, and where no bulk plastic flow takes place, the moisture content for semi-wet 

pressing is around 16% and the method depends on plastic flow in order to fill small cavities in quite 

complicated steel moulds. 

Drying 

Depending upon the technological requirement the dryer is used. The type of the dryer, the temperature of 

drying, and the time required to do the drying -all depends upon the requirement of a particular product and 

the process.  

Mangle Dryer- Tunnel dryer, the natural Drying and Intermittent drying are some of the method of drying 

used by the industries 
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Glazing 

Many technical ceramics are glazed, particularly if they are to be used in damp or contaminated 

atmospheres. For example porcelain insulators, although there are many applications for which glazing is 

unnecessary. Most glazes used are of the raw. Once-fired, felspathic type, applied to the ware before firing. 

Other types are also used, such as lead glazes, the ware then being twice fired. Application is by dipping or 

spraying. 

Firing: Types of kiln 

A wide variety of types and sizes of kilns are used: tunnel, intermittent (including the ―top hat‖ type,) and 

various small and special kilns. 

The points to be considered are: 

a. The final firing temperature and the firing schedule are often critical, particularly with non-clay 

ceramics:  

b. temperatures tend to be higher and to cover a much wider spread than with the more conventional 

ware;  

c. occasionally , controlled atmospheres are necessary- for example, inert atmospheres are for some 

ferrites, and reducing atmospheres for high  temperature metalizing;  

d. There is a great variety of sizes and shapes of ware. 

The choice of kiln naturally depends a great deal upon the volume of production, as well as on the price 

and availability of fuels and type of ware and precision required in the control of temperatures and 

atmospheres. 

Sizing, sorting and packing 

Fired tiles are sent to sizing and chamfering machine for making exact size of the tile by side grinding 

through online conveyor system, which is a source of dust generation. After that, visual checks for quality 

grading passes the acceptable tiles and are packed in kraft paper corrugated boxes, and are dispatched for 

shipping. The rejected tiles are checked for the fault in detail and possible steps are taken to reduce the 

loss due to that defect 
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Cleaner Production Options 

Sr. 

No. 

CP Option Suggestions Investment Payback / Savings Benefits 

1. Optimization 

of 

Combustion 

Efficiency at 

Spray Dryer 

Furnaces 

To operate the furnaces 

at optimum efficiency 

by controlling 

(manual/auto) air fuel 

ratio 

The fluidized bed 

furnaces are known for 

generating maximum 

combustion efficiency 

Rs. 75,00,000/- 

(For 3 

furnaces) 

Savings: Rs. 

2,38,00,000/per 

annum 

 

Payback period: 

4 months 

Reduction in the 

coal 

consumption by 

5076 Tonnes 

per Annum 

Reduction in the 

emission of 

green house 

gases and air 

pollution 

2. Optimisation 

of 

Combustion 

Efficiency at 

Kilns and 

Dryers 

To control the 

combustion air through 

reducing the RPM of 

combustion air blower 

by 1-2 Hertz at a time 

by monitoring required 

temperature within kiln. 

To monitoring the 

required O2 percentage 

in flue gas to optimize 

the air fuel ratio and 

thus combustion 

efficiency at the kiln 

Investment: 

NIL 

 

Savings: Rs. 

53,50,000/- per 

annum 

Payback period: 

Immediate 

Reduction in the 

gas 

consumption by 

500 SCM per 

day. 

Reduction in the 

emission of 

green house 

gases and air 

pollution. 

3. 

Avoid 

Compressed 

air usage for 

cleaning 

purposes 

To reduce the pressure 

and energy saving 

would be around 8% at 

drop of each bar for 

that hose if generated 

separately. 

Investment: 

(3000 * 5 

sites): Rs. 

15,000/- 

 

Savings: Rs. 

1,05,000/- per 

annum 

Payback period:  

4 Months 

Reduction in 

leakage of 

compressed air 

Reduction in 

electricity 

Reduction in 

Noise Pollution 

in surrounding 

area 

4. Reusing of 

100% of 

To reuse the sludge in 

manufacture of tile 

Investment:  Raw material  Decrease in 
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sludge 

generated 

from Effluent 

Treatment 

Plant during 

process in 

tile body 

preparation. 

body as a raw material 

along with the fresh raw 

material. 

NIL 

 

consumptions 

 No Disposal cost  

the raw 

material 

consumption 

 To pay Zero 

amount for the 

disposal of 

sludge 

 

5. Zero 

discharge of 

treated 

effluent, as 

100% treated 

water is 

reused in 

process in 

wet grinding. 

The waste water after 

the primary treatment of 

the effluent is pumped 

back into the plant for 

utilizing in the slip 

preparation (wet 

grinding) operation 

Investment: 

NIL 

 

Reduced amount 

of purchase for 

fresh water due to 

recycling 134.13 

KL/Day of waste 

water. 

Conservation of 

fresh water by 

recycling of 

waste water 

back into the 

process. 

Zero discharge 

of liquid from the 

industry. 

6. Recovery of 

heat from 

waste gas 

and 

utilization for 

pre-drying of 

biscuit tiles 

body 

To install indirect fan 

exhausts heat recovery 

system from its kilns 

and diverted the flue 

gases generated 

towards the pre-drying 

zone before the kiln to 

maintain about 125o C 

temperature in pre-

dryer. 

 Reduction in fuel 

consumption  

Reduction in the 

emission of flue 

gases to the 

environment 

decrease in the 

load of air 

pollution 

Better work 

environment for 

the workers. 

7. Modification 

in the dust 

feeding 

system in 

press 

machine to 

decrease the 

loss of 

material in 

the form of 

dusting 

To install a plate inside 

the moving area of the 

feeding platform, which 

will cover maximum 

void space to avoid 

excess dust losses. 

Total 

investment: 

Rs. 1,00,000/- 

 

Savings: Rs. 

51,12,000/- 

(Annually) 

Payback Period: 7 

days 

Reduction in the 

air pollution 

formed by the air 

borne dust 

particles. 

Direct saving of 

the processed 

raw material 

8. Installation of To install an in-house   Reduction in the Elimination of 
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roller 

machine for 

direct reuse 

of granules 

online roller machine 

for direct reuse of 

higher size granule 

lumps 

consumption of 

energy 

 Loss of dust 

from vibro-

screen 

loss of dust from 

vibro-screen to 

the press dust 

conveyor 

9. Reuse of 

used low 

cost rubber 

tyre for 

sealing the 

lid of wet 

grinding ball 

mill, to 

prevent the 

spillage. 

The leakage was 

sealed by using a low 

cost used rubber tyre, 

preventing the spillage 

of wet slurry. 

Investment: 

NIL 

 

Savings of 

considerable 

amount of raw 

material and water 

 

10. Modification 

in raw 

material 

composition 

for reduction 

in overall 

manufacturin

g cost 

The composition was 

modified, now using 

only 4 types of clays, 

and the changed 

composition could save 

a considerable amount 

of the raw material per 

ton of the product 

formed. 

Investment: 

NIL 

 

Reduction in the 

raw material 

consumption: 11.3 

Kg/ton of product 

Reduction in the 

overall cost of 

product: Rs. 69.12 

Lacs/annum 

Decrease  in raw 

material 

consumption 

Decrease in cost 

of manufacturing 

of product. 

11. Reuse of 

glaze 

scrubbed 

from the 

sides of wall 

tiles to use in 

preparation 

of engobe in 

floor tiles. 

To install Side wall 

glaze scrappers to 

scrap off the extra 

glaze material from the 

sides of tiles body 

Reuse of the glaze to 

use in preparation of 

body of floor tiles plant. 

Reuse of the glaze to 

use in preparation of 

engobe in floor tiles 

plant. 

Total 

investment: 

Rs. 1,00,000/- 

 

Savings: Rs. 

14,14,000/- Per 

Annum 

Payback: 

26 days 

Saving of 

material: 

 48.72 

ton/annum 

(wall tiles 

plant) and  

29.94 

ton/annum 

(floor tile 

plant) 

12. Minute bad 

printed green 

biscuits sent 

for firing in 

Very minute bad 

printing tiles sent for 

firing and sold under 

second and third grade 

Total 

investment: 

Negligible 

 

Savings: Rs: 

25,00,000/- Per 

annum 

Payback Period: 

Reduction in the 

energy to 

recycle the 

broken pitchers 
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kiln and sold 

as second 

and third 

quality tiles. 

quality tiles. Immediate to form slurry 

**** 
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Case Study: Glass Sector 
 

Scenario of Glass Sector in Gujarat 

Majority of the glass manufacturing industries of Gujarat have evolved at a cottage industry level and then 

developed to organized level. Gujarat has some large industries like, Sezal Glass – Jhagadia – Bharuch, 

Haldyn Glass – Vadodara, Saint Gobain – Jhagadia, Hindustan Nation Glass & Industries Ltd. – Halol, 

Piramal Glass – Kosamba&Jambusar, Gujarat Guardian Ltd. – Ankleshwar.  

 

Introduction 

Glass is an amorphous (non-crystalline) solid which is often transparent and has widespread practical, 

technological, and decorative usage in things like window panes, tableware, and optoelectronics. Most 

types of glass are based on the chemical compound silica (silicon dioxide), the primary constituent of sand. 

Of the many silica-based glasses that exist, ordinary glass is formed from a specific type of composition, 

composed of approximately 75% silicon dioxide (SiO2), sodium oxide (Na2O) sodium carbonate (Na2CO3), 

calcium oxide (CaO), and several minor additives, mainly metallic oxides that serve as colouring agents. 

Glass products are used widely in households, construction, laboratories and consumer items such as 

bangles, beads, pearls, etc. 

 

Classification in Glass Sector 

The glass industry represents a number of definable product segments: 

• Flat glass including Float Glass 

• Containers Glass and Hollowware 

• Vacuum glass 

• Domestic and industrial glassware 

• Fiber glass 

• Glass wool TV picture tube glass shells 

• Laboratory glass 

• Others 
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Manufacturing Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The manufacturing process of glass can be divided into four main phases, which are more or less similar 

irrespective of the type of product to be manufactured. 

 

Phase 1: Preparation of Raw Material: The common raw materials used for the manufacture of glass are 

glass sand, recycled glass (cullets), feldspar and flux materials like soda ash, dolomite, etc. which are 

crushed to 20–120 mesh and mixed with other additives to form a batch. 

 

Phase 2: Melting in a furnace: The batch is introduced into the furnace for melting at about 1500oC.  
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Phase 3: Forming: The glass is drawn from the furnace and blown (formed) into different shapes. These 

products are then heated and cooled in a controlled manner, termed as annealing, to impart hardness to 

the glass. 

 

Phase 4: Finishing: The products are subjected to various cutting and finishing operations and then 

packed for dispatch to the markets. 

Indian Glass industry can be broadly classified into flat glass and container glass. 

 

 

 

 

 

 

 

 
(Source: A study report on Evolution of Glass Industry in India, Challenges & future scenario by HNGIL) 

Container glass 

 

Container glass is made from a basic soda-lime formulation and is 

melted in a fossil fuel fired furnace, or exceptionally an electrically 

heated furnace. Container glass used in alcoholic beverage, food, 

soft drinks, jam, sauce, perfume, milk and milk product etc. 

This is one of the largest segments in the glass sector and comprises 

of glass packaging for beverages, food, perfumes and pharmaceuticals. India has an impressive 

performance in export of container glass products. 

 

 

 

 

Container 
Glass  
55% 

Flat Glass 
35% 

Others 
10% 
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Flat Glass 

Flat Glass or sheet glass is commonly used for windows, glass doors, 

transparent walls and windshields. Most flat glass is soda lime glass, 

produced by the float glass process. Flat glass segment comprises of 

float glass and rolled glass, which are mostly used in architectural and 

automotive applications. 

 

Flat glass in India is majorly used for construction purpose, or by the automotive sector along with railways. 

 

 

 

 

 

 

 

 

 
 

(Source: http://www.derivatives.capitaline.com/newsdetails.aspx?sno=648664&opt=cn&secid=21&subsecid=155&SelDt=) 

 

Consumption Pattern of Container Glass in India (2009-13) 

Consumption Pattern of Flat Glass in India (2009-13) 

Construction 
55% 

Automobile 
15% 

Others 
5% 

(Source: http://www.derivatives.capitaline.com/newsdetails.aspx?sno=648664&opt=cn&secid=21&subsecid=155&SelDt= ) 
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http://www.derivatives.capitaline.com/newsdetails.aspx?sno=648664&opt=cn&secid=21&subsecid=155&SelDt
http://www.derivatives.capitaline.com/newsdetails.aspx?sno=648664&opt=cn&secid=21&subsecid=155&SelDt
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Toughened glass 

Toughened glass is treated to be far more resistant to breakage than simple annealed glass and to break in 

a more predictable way when it does break, thus providing a major safety advantage in almost all of its 

applications. 

Issues identified 

1. Improper combustion in furnace 

2. Use of old burners for heating purpose. 

3. Use of large amount of energy than required.  

4. Heat losses after the combustion process. 

 
Cleaner production measures undertaken 

Sr. 
No. 

CP Option Suggestions Investment Payback / 
Savings 

Benefits 

1.  Installation of 

Variable 

Frequency Drive 

(VFD) In Furnace 

Blower Motor in 

Container Glass 

Manufacturing 

Industry 

The speed of the motor can 

be reduced by installing 

variable frequency drive on 

Blower motor and operating 

speed can be programmed 

accordingly.  

Investment: Rs. 

2,45,000/- for 4 nos. 

of VFD 

Annual Savings:  

Rs. 2,80,000/- per 

annum 

Payback 

Period:  

10 months 

Reduction in 

electricity 

consumption to 

the tune of 15% 

saving in 

blowers.  

2.  Installation of 

VFD on Throat 

Cooling Blower 

Motor in figure 

glass industry 

Replacement of these 

motors with energy efficient 

motors will save 

approximately 9450 kWh 

per annum. 

Investment: Rs. 

50,000/- (for 2 nos. of 

Furnace) 

Annual Savings:  

Rs. 71,253/- per 

annum 

Payback 

Period: 

9 months 

Per Day 

reduction in the 

Electricity 

consumption: 

26.25 KWh 

Per Year 

reduction in 

Electricity 

consumption: 

9450 KWh 

Per Day 

reduction in 

Greenhouse 

Gas (CO2) 

emission: 0.02 



 

 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

Manual on Cleaner Production                        145 

MT of CO2 

Per Year 

Reduction in 

Greenhouse 

Gas (CO2) 

emission: 8.13 

MT of CO2 

3.  Installation of 

VFD on Cooling 

Blower Motor in 

figure Glass 

industry 

To reduce the frequency of 

the throat cooling blower 

motor frequency and 

replacement of the glass 

cooling lower blower motor 

with energy efficient motor 

will save approximately 

5208 kWh per annum. 

Investment: Rs. 

50,000/- (for 2 nos. of 

Furnace) 

Annual Savings: 

Rs. 71,253/- per 

annum 

Payback 

Period: 

9 months 

Per Day 

reduction in the 

Electricity 

consumption: 

14.47 KWh 

Per Year 

reduction in 

Electricity 

consumption: 

5208 KWh 

Per Day 

reduction in 

Greenhouse 

Gas (CO2) 

emission:  

0.01 MT of CO2 

Per Year 

Reduction in 

Greenhouse 

Gas (CO2) 

emission: 

4.48 MT of CO2 

4.  Optimise the 

Power 

Consumption at 

Cooling Water 

Pump 

Hot and cold Water Pump   

To install a Variable 

Frequency Drive with 

pressure feedback to 

optimize the power 

consumption without 

replacing the pump. 

Investment: Rs. 

55,000 /- 

(for 2 VFD) 

Annual Savings: 

Rs. 3,80,016/- per 

annum 

 

Payback 

Period: 

2 Months 

The VFD will 

save 

approximately 

21000 kWh per 

annum and 

29400 kWh per 

annum. 

5.  Reducing 

Fluctuating 

Compressed Air 

Demand 

To install the Control Air 

system for instrumentation 

air supply, this will save 

approximately 10 % of 

Investment: Rs. 

6,00,000/- 

Annual Savings: 

Rs. 4,97,000/- per 

Payback 

Period:  

15 months 

 

Reduction in 

Greenhouse 

Gas (CO2) 

emission. 
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electricity consumption by 

air compressor. 

annum 

6.  Optimization of 

Gas 

Consumption 

through Oxygen 

Enhanced 

Combustion in 

Furnaces 

Oxy-Fuel technology has 

proved to be one of the 

most energy efficient 

combustion processes for 

glass melting furnaces to 

improve quality, 

consistency, and thermal 

efficiency while decreasing 

NOx emissions. 

Investment: Rs. 

2,50,00,000/Annual 

Savings: 

Rs. 1,29,50,000/- per 

annum 

  

7.  Optimization of 

Gas 

Consumption 

through Batch & 

Cullet Preheating 

By implementing the batch 

& cullet preheating plant 

can save Natural Gas and 

Furnace Oil. 

Investment:  

Rs. 15000000/- 

Annual 

Savings: 

Rs. 5387000/ Annual  

Payback 

period: 

3 years  

10 % fuel 

saving by 

converting air-

fuel system into 

oxy-fuel 

system. 

8.  Optimize the 

Electric Power at 

Washing Machine 

in Tempered 

Glass Industry 

(Fuel: Electricity) 

To install the Variable 

Frequency Drive (VFD) on 

the motors with speed 

variation feedback through 

material movement sensor 

on the conveyor. 

Investment: Rs. 

1,00,000/- per Annum 

(for 3 nos. of VFD) 

 

Annual Savings: 

Rs.5,35,000/ per 

Annum 

 

 

Payback 

Period: 

3 months 

This 

intervention will 

save 

approximately 

71400 kWh per 

annum. 

9.  Optimize the 

Plant Lighting 

Load in 

Tempered Glass 

Industry 

To replace the conventional 

light with LEDs. 

Investment: Rs. 

1,15,000/- for LED 

Annual Savings:  

Rs. 56,200 /- per 

Annum 

Payback 

Period: 

 25 months 

To save 

approximately 

7504 kWh per 

annum. 

10.  Solar Roof-Top 

System for Plant 

Lighting Load in 

Tempered Glass 

Industry 

To install a battery assisted 

solar PV power generation 

system of 2 kW for the 

plant lighting load. 

Investment: 

Rs.3 lacs/- 

for solar PV system 

with battery. 

Annual Savings: 

Rs. 42,000/- per 

Annum 

Payback 

Period: 

85 months 

To use 

renewable 

source of 

energy 

generation as 

well as will 

decrease the 

use of 

electricity from 
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the power 

station. 

11.  Optimization of 

Combustion 

Efficiency of 

Melting Furnace 

in Container 

Glass 

Manufacturing 

Industries (Fuel : 

Natural Gas) 

It is recommended to 

operate the furnaces at 

optimum efficiency by 

controlling (manual/auto) 

air fuel ratio so that to get 

maximum combustion 

efficiency 

Investment: Rs. 30 

lakhs /-for 2 nos. of 

Furnace 

Annual Savings: 

Rs. 50,49,000/- per 

annum 

Payback 

Period: 

8 months 

By maintaining 

optimum 

combustion 

efficiency even 

upto 75 % from 

existing 

(average 45 %) 

in these two 

furnaces, plant 

can save 

approximately 

280524 SCM 

per annum. 

 

***** 
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Case Study: Dairy Sector 
 

Introduction 

India is the largest milk producer in the world.In India about 46 per cent of the total milk produced is 

consumed in liquid form and 47 per cent is converted into traditional products like cottage butter, ghee, 

paneer, khoya, curd, malai, etc. Only 7 per cent of the milk goes into the production of western products 

like milk powders, processed butter and processed cheese. The remaining 54% is utilized for conversion to 

milk products.Among the milk products manufactured by the organized sector some of the prominent ones 

are ghee, butter, cheese, ice creams, milk powders, malted milk food, condensed milk infants foods etc. Of 

these ghee alone accounts for 85%.India's dairy market is multi-layered. It's shaped like a pyramid with the 

base made up of a vast market for low-cost milk. 

 

Over view of the entire Milk Processing 

Raw material receiving, treatment and product manufacturing: 

 

 

 

 

 

 

 

 

 

Essential steps in the processing of whole fresh milk into butter, evaporated milk, and cheese: 
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Manufacturing Process 

Raw milk is processed in the dairy to manufacture variety of products. The process flow sheet for raw milk 

processing is given below: 

 Raw milk receipt and chilling: 

Raw milk is received in tankers at 8 - 10 oC. It is checked for quality and after approval from the QC 

department; it is chilled to 4 oC in raw milk chillers and stored in raw milk silos. Milk is also received 

in cans from the societies. 

 Milk Pasteurization:   

For pasteurization, milk has to be heated to 75 oC and held for 16 seconds at this temperature and 

then chilled to 4 oC. This operation is carried out in pasteurizers. The pasteurizer consists of a 

heating, regeneration and a cooling section. 

 Heating section:  

In the heating section, milk is heated to the required temperature by hot water/steam. In case of 

indirect steam heating, condensate is recovered and sent to the boiler house. 

 Regenerative section: 

In the regenerative section, hot milk gives up its heat to preheat the cold incoming milk thus 

reducing the heat load on the heating section. In turn the hot milk gets cooled, thus reducing the 

heat load on the cooling section. 

Process Flow sheet 

 

 

 

 

 

 

 

 

 

Pasteurization at 76 oC.re-

chilled to 4 oC  through 

regenerator. 

 

Raw milk receipt 
and chilling to  
4 oC transferred to silo. 

 

Pasteurized/skim 
milk sent to pouch 
packing at 4 oC. 
 
 

Pasteurized Cream 
stored in silo at        4 
oC and sent to 
butter/ghee. 
 

Cream separation 
at 45 oC and 
pasteurization at    90 
oC. 
 
 

Milk cold store 
for storage of 
milk pouches - 
storage 
temperature at  
4 oC. 
 

Continuous 
butter 
making m/c. 
 

Cream sent to 
serum separator. 
 

Remaining 
moisture 
removed in 
ghee kettle 
 

Ghee 
packed 
and 
Stored. 
 

Butter sent to butter mfg 
and packing. 
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 Chilling section 

 

In this section, the pre-cooled milk from the regenerative section is chilled to 4 oC and sent to the 

intermediate storage tanks. The pasteurizers installed in the dairy have a regeneration efficiency of 

93%, i.e. 93% of the heat in the hot pasteurized milk is recovered and used to preheat raw chilled 

milk thus reducing the load on both heating and chilling. 

 
 

 Milk pouching and storage 

 

Pasteurized milk is sent to the pouching section from the pasteurized milk silos. It is packed in 

pouches by pneumatic/mechanical packing machines. Milk pouches are stored in milk cold stores 

at 4 oC before being dispatched. The milk pouching section has crate washers where steam is 

consumed for hot water heating. The pouching section is also a big consumer of compressed air in 

pneumatic pouch packing machines. 

 

 Ghee production 

 

Milk cream is separated by passing it through cream separator, where most of the moisture is 

removed. The remaining water is removed by evaporating it by heating the ghee kettle upto a 

temperature of 105 oC. 

 
 

 Buttermilk 

 

Buttermilk is prepared in a batch process. First prepared curd in a tank. The dahi is then diluted 

with water and pasteurized and chilled before packing it in pouches. 

 
 

 Ice-cream 

 

The unit also has an ice-cream production facility. Ice-cream mix is prepared and pasteurized in a 

PHE. The ice-cream mix is then transferred to an ageing tank. The ice-cream is then prepared in a 

freezer machine with injection of compressed air. The ice-cream is then stored for hardening in a 

deep freeze. 
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    - - - - -  

Manual cleaning of: 

• Equipment 

• Crates 

• Vehicles  

•  floors 

- -  - 

-  - -  

- -  - 

-   - -   

- - 

 - - 

 - - - 

-  

- -  

- -  

- -  

- -  

- -  - 

-  

- -  

- - 

 - - - 

-  

- -  

- - - 

- - - 

- - 

- - 

- - 

 - - 

Raw materials, 
Eg milk intake  

System 

Cleaning – in- 

 Place 

Storage tank 

 

Main processing: 

• Pasteurization 

• Cheese 
making 

• Butters and 
fats 

• Ice cream  

• Yogurt 
production 

Additional  
Processing, 

eg.,cheddaring 

Packaging 

Final product 

Water flows 

              Waste flows 

            Product flows 

 

Water  

Effluent and  

Solid waste 

Water  

 

Issues related to Cleaner Production 

1. Use of high speed diesel as fuel which increases the carbon footprints in the environment 

2. No oxygen monitoring system to measure the excess oxygen content in the air to control the air-

fuel ratio. 

3. Manual handling of boiler blow down 

4. No level control for water addition over the boiler. 

5. Due to high TDS water, Scale formation takes place in the condenser pipes. 

6. Old crate washer 

7. Reuse of whey obtained during the cheese manufacturing. 

8. Increase the ETP load due to bad housekeeping.  

 

Typical Water Uses and Effluent Sources in a Dairy Industry 
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Sources of Milk Losses to the Effluent Stream 

Process Area Sources of Milk Loss 
 

Milk receipt and storage 

 

 Poor drainage of tankers 

 Spills from storage tanks 

 Foaming 

 Cleaning operations 

Pasteurization and Heat Treatment 
 Leaks 

 Recovery of downgraded product 

 Cleaning operations 

 Foaming 

 Deposits on surfaces of equipment 

Homogenization 
 Leaks 

 Cleaning operations 

Separation and Clarification 
 Foaming 

 Cleaning operations 

 Pipe leaks 

Cheese making 
 Overfilling vats 

 Incomplete separation of whey from curds 

Milk powder production 
 Spills during powder handling 

 Stack & bagging losses 
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Cleaner production measures undertaken 

Sr. 

No. 

CP Option Suggestions Investment Payback / 

Savings 

Benefits 

1.  Use of PNG (Piped 

Natural Gas) 

instead of diesel in 

sweet section 

To replace diesel by 

PNG system i.e., 

Fuel switch over to 

PNG from Diesel. 

Cost of the 

PNG 

installation                        

: Rs 12.5 

Lakhs 

Saving per 

month                                       

: Rs 64,000 

Saving per 

Year                                          

: Rs 7,68,000 

Simple payback 

period                                

: 19 months 

 Clean fuel 

 No hazardous 

gas emission 

 Safe source of 

energy 

 Easy to handle 

2.  Replacement of 

high speed 

mechanical 

packing machine 

in place of    

pneumatic pouch 

packing machine 

To convert 

pneumatic packing 

machine into 

mechanical machine 

Cost of the 

installation: 

Rs 6,00,000 

 

Saving of milk 

per year of 

production    : 

Rs 13,06,437 

Payback  

period                         

:  6 months 

 

 Reduce milk 

spillage while 

packing 

 Better packing 

 Save energy 

consumption 

 No air 

requirement 

 No weight 

variation 

 Reduce 

maintainance 

cost 

3.  Installation of 

online oxygen 

trims control 

system for boiler 

efficiency 

improvement. 

To improve the boiler 

efficiency by 

installing oxygen trim 

control system to 

monitor the oxygen 

level in the flue 

gases and optimizes 

the excess air level. 

Cost of online 

oxygen trim 

control 

system: 

 

Rs.5.50 

Lakhs 

 

Savings 

:Rs.3.59 

Lakhs/annum 

 To save energy 

and fuel 

 It controls the fuel 

/air ratio which 

results in 

complete 

combustion 

 Reduces the 

emission of 

carbon dioxide 

and stack heat 

loss. 
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4.  To carry out 

automatic boiler 

down instead of 

manual blowdown. 

To install automatic 

blow down system to 

maintains the boiler 

water TDS at a 

maximum 

permissible values 

(3500 ppm) as 

against the manual 

system. 

Cost of 

automatic 

boiler blow 

down system: 

Rs. 2.50 

Lakhs 

 

Savings: 

Rs. 3.52 Lakhs 

/annum 

Payback  

period                         

:  9 months 

 

 Results in energy 

savings 

 Saves  significant 

amounts of water 

 Reduce toxic 

release 

 

5.  To install level 

controller for boiler 

makeup water 

addition 

Installation of level 

controller will 

eliminate loss of 

water as well as 

increase the boiler 

feed water 

temperature by 4-5 

deg c. 

Cost of level 

controller: 

Rs. 0.25 

Lakhs 

 

Savings: 

Rs. 1.13 

Lakhs/annum 

Payback period                 

: 3 months 

 Reduce water 

wastage 

 Reduces the 

amount of 

furnace oil 

required for the 

combustion. 

6.  Installation of 

Variable 

Frequency Drive 

for air compressor 

The compressor 

operates in unload 

mode for 41.4% 

having   power    

consumption 13.2 

kW. It is suggested 

to install VFD for 

power saving. 

Installation 

cost  of VFD: 

Rs. 1.25 

Lakhs 

 

Power saving 

per day: 

13.2×8.15=        

107.58 kWH 

Payback 

period: 8.5 

months 

 

 

 Reduce power 

consumption 

 Reduces the 

emission of 

Green House 

Gases 

 Maintain motor 

load 

7.  Using RO water as 

cooling water. 

To use RO Water to 

increase the 

condenser 

effectiveness and 

increase in 

discharge pressure 

of the compressor. 

Cost of RO 

plant: 

Rs. 1.4 Lakhs 

 

Annual savings: 

Rs. 1.66  

Lakhs 

Cost of RO 

plant: 

Rs. 1.4 Lakhs 

Payback  

period: 

10 months 

 Increase  the 

boiler efficiency 

 Reduces the 

stack heat loss 

and carbon 

emission. 

8.  Heat recovery from 

can washer waste 

water. 

It is recommended to 

install heat 

exchanger to recover 

this heat losses, 

about 75% heat is 

Cost of Heat 

Exchanger: 

Rs. 4.0 Lakhs 

 

Savings: 

Rs 18.96 

Lakhs/annum 

Payback  

period             : 

 Heat recovery 

 Furnace oil 

saving 

 Energy saving 

reduce green 
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recovered to preheat 

raw water being 

added to the can 

washer.  It results in 

furnace oil saving. 

3 months 

 

house gas 

generation. 

9.  Installation of 

desuperheater on 

the refrigeration 

compressor 

 

It is recommended 

that a desuperheater 

be installed on the 

refrigeration 

compressor to 

generate hot water 

which can be used 

as boiler make up 

water resulting in 

furnace oil savings. 

Cost of 

installation: 

Rs. 1.50 

Lakhs 

 

 

Savings: 

Rs. 9.79 

Lakhs/annum 

Payback  

period                          

: 2 months 

 Recovery of 

waste heat 

 Furnace oil 

saving 

 To heat raw 

water using 

desuperheater 

10.  Installation of crate 

washer 

By installation of a 

new crate washer, 

the problem of slow 

crate washing is 

eliminated. This new 

system saves the 

substantial amount 

of water. 

   Less time to 

wash crate 

 Increases the 

yield of 

production 

 Saving in water 

 Wash crate at 

high speed 

11.  Replacement of 

under loaded 

motor by smaller 

capacity motors 

The load on these 

motors are 

constantly 45 to 

50%, it is therefore 

suggested to replace 

the above under 

loaded motors by 

smaller capacity 

motors to save 

energy. 

 Total saving per 

annum will be 

Rs. 1, 95,917. 

 

 Energy saving 

12.  Reuse of whey by 

preparing whey 

powder 

To use it as nutrients 

supplement or as 

foodstuffs for 

animals supplement. 

   Valuable product 

for the industry 

 Increase the 

revenue 

 Decrease in 

environmental 

pollution 
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13.  Water 

management 

through rain water 

harvesting. 

To make water 

available for future 

use 

 Reduce 

domestic water 

usage as well 

as process 

water 

 Decrease in 

water 

consumption from 

external sources 

 Saving in energy 

requirement in 

lifting ground 

water 

14.  To recover fat 

which was drained 

without separation 

Started separation of 

serum obtained after 

pre-separation to 

recover fat which 

was drained earlier 

without separation. 

Investment: 

Nil 

 

Annual Saving: 

Rs 13,06,700 

 

Payback 

Period: 

Immediate 

 Reduced 

polluting load in 

the Effluent 

Treatment Plant. 

15.  Started separation 

of whey to recover 

milk fat 

Created separated 

facility in Effluent 

Treatment Plant 

(ETP) for collecting 

as well as treatment 

of Whey for further 

processing there by 

reducing polluting 

load on ETP. 

Investment: 

Rs. 40,000 

Annual saving:  

20,71,750 

Rs/year 

 

Payback 

Period: 

Immediate 

 

 Everyday 35 kg 

fat is recovered 

from the whey. 

 Reduced 

polluting load in 

the ETP. 

 

***** 
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Case Study: Textile Sector 
 

Introduction 

Indian textile industry is one of the largest textile industries in the world. Today, the textile manufacturing 

and exports is making significant contribution to the Indian economy. India earns around 27% of the foreign 

exchange from exports of textiles. Further, Indian textile industry contributes about 14% of the total 

industrial production of India. Indian textile industry involves around 35 million workers directly and it 

accounts for 21% of the total employment generated in the economy.  

 

Production Processes in Textile Industry 

The production processes in textile and garment industries involve following five stages:  

1. Manufacturing of yarn,  

2. Knitting or weaving of yarn into grey cloth,  

3. Processing of grey cloth into processed fabric,  

4. Manufacturing of garment from the processed fabric, and  

5. Distribution of the ready-to-wear garment. 

Manufacturing Process 

Stage 1 

There are two types of yarns: spun yarn and filament yarn. Spun yarn is manufactured by spinning fibres in 

either spindles (closed-ended spinning) or rotors (open-ended spinning).The fibres could be either natural 

(cotton, silk, wool, etc.) or artificially-made (polyester staple fibre, viscose staple fibre, acrylic staple fibre, 

etc.). 

Stage 2 

Weaving/knitting is the second stage in the textile and garments industry value chain, in which the yarn is 

converted into a cloth. Weaving is the most commonly used method of manufacturing cloth out of the yarn. 

It involves interlacing at right angles two or more sets of yarns on a loom (either hand-loom or power-loom) 

to make a fabric. The length-wise yarns are called warp and width-wise yarns are called weft. The 

machines on which the yarn is woven are called looms.  

Knitting is another process of turning yarn into fabric. However, unlike the woven fabric, the knitted fabrics 

are made by interlacing loops of yarn.  

 

 



 

 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

Manual on Cleaner Production                        158 

Stage 3 

Processing is the third stage in the textile and garments industry value chain, in which the grey fabric is 

processed, so that it can be used for manufacturing end-products such as garments and home textiles. In 

this stage, the fabric undergoes any one or more of the various processes such as washing, bleaching, 

dyeing, mercerizing and printing. These processes give fabric the texture, drape and finish required to 

manufacture apparels or home textiles. 

Stage 4 

Apparel manufacturing is the fourth stage in the textile and garments industry value chain. In this stage, the 

processed fabric undergoes various courses of actions such as designing, sizing, measuring, cutting, 

stitching and finishing before ready-to-wear garment is produced. 

Stage 5 

The fifth stage in the textiles and garments value involves distribution of readymade garments through own 

stores, discount stores, exports, retailers, distributors and multi-brand outlets. 

Use of Raw Materials, Chemicals and Dyes in Textile Processes 

It is essential to control inputs to get right out puts from each process and to reduce wastes. As the 

environmental impacts arise from the inputs into processes, we need to understand the inputs in terms of 

raw material and chemicals including dyes used in the processes. 

Inputs to Dry Processes 

Cotton / 

Artificial fibres 

Spinning 

Raw cotton fibres, artificial fibres with specifications similar to cotton, or blends 

of cotton and artificial fibres. The raw fibres are supplied in bales.   

Wool Spinning Raw wool fibres, artificial fibres with specifications of wool, or blends of wool and 

artificial fibres. The raw fibre material is supplied in bales.  

Weaving Cotton yarns, woolen yarns, artificial yarns, blended yarns, textured yarns, 

stretch yarns, etc. 

Knitting Cotton yarns, woolen yarns, artificial yarns, blended yarns, textured yarns, 

stretch yarns, etc.   

Non-woven Artificial fibres, wool fibres, or blends  

Tufting Acrylic yarns, polypropylene yarns, blended yarns with the wool-type.   

Garment Woven or knitted fabrics, from cotton, wool, artificial fibres, blends of natural and 

artificial fibres, interlining fabric and lining fabric, buttons, pockets, etc.  

Inputs to Wet Processes 

Sizing Polyvinyl alcohol, carboxy methyl cellulose, oils, waxes, adhesives, urea, 

diethylene glycol, etc.   
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De-sizing Enzymes, sulphuric acid, detergents and alkali   

Scouring Sodium hydroxide, sodium carbonate, surfactants, chlorinated solvents 

Bleaching Hypochlorite, hydrogen peroxide, acetic acid. 

Mercerization Sodium hydroxide, surfactants, acid, liquid ammonium 

Dyeing Dyestuffs, auxiliaries, reductants, oxidants 

Printing Dyes (acids or alkalis), pigments, kerosene, binders, ammonia, xylenes. 

Chemical 

finishing 

Formaldehyde, phosphorus, ammonia, silicone, fluorocarbon resins, toluene, 

zircon salts etc. 

 

Fixation of Dyes in Dyeing Process 

Entire amount of dye is not fixed to the fibre during the dyeing process. The reactive dyes used for cotton 

have the poorest fixation rate, and since 52 % of the textile-fibre market is cotton, most colour effluent 

problems arise from dyeing cotton with reactive dyes. Heavy metals are associated with the effluents from 

wool dyeing. 

 

Table: Unfixed Dyes for Various Processes 

Fabric Dye type 
Unfixed dye 

(percentage) 

Wool and Nylon 

Acid dyes/reactive dyes for wool 7 – 20 

Pre-metalized dyes 2 – 7 

After chromes 1 – 2 

Cotton and viscose 

Azoic dyes 5 – 10 

Reactive dyes 20 – 50 

Direct dyes 5 – 20 

Pigment 1 

Vat dyes 5 – 20 

Sulphur dyes 30 – 40 

Polyester Disperse 8 – 20 

Acrylic Modified basic 2 – 3 

Polypropylene Spun dyed N/A 

Source: Water and Chemical use in the Textile Dyeing and Finishing Industry (GG62 Guide) 

(http://www.envirowise.gov.uk/uk.html)  

 

 

 

http://www.envirowise.gov.uk/uk.html
http://www.envirowise.gov.uk/uk.html


 

 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

Manual on Cleaner Production                        160 

 

Generation of Wastes and Pollutants 

The effluents and solid wastes generated from the different processes are given below:  

 

Cotton Spinning 

Process Input materials Function (purpose) Product Effluents 
Solid 

wastes 

Opening  

and  

cleaning  

Raw cotton  

Opening and  

cleaning cotton  

Flow of  

-  Fibres  
different man- cleaned  

made fibres (cotton-

type), or both  

and opened 

cotton  

Carding  Layer of cleaned cotton  
Further opening and 

cleaning  
Card sliver  -  Fibres  

Combing  Card sliver  

Further cleaning removing 

neps parallelizing the 

fibres  

Combed 

sliver  
- 

 Fibres  

 

 

Drawing  

Card slivers or combed 

slivers cotton, artificial, 

or both  

Improving regularity, 

blending different fibres  
Drawn sliver  - 

 Fibres  

 

 

Roving  Drawn sliver  

Reducing thickness, 

inserting some twist to 

strengthen resulting 

roving  

Roving  - Fibres  

Ring- 

Spinning  
Roving  

Drafting roving  

to yarn and inserting final 

twist  

Ring-spun  

yarn on 

bobbin  

-  Yarns  

Open-end  

spinning  
Drawn sliver  

Drafting sliver to  

yarn and inserting final 

twist  

Open-end  

-  Yarns  
yarn on 

cheese 

package  

Cone- 

package  

winding  

Ring-spun yarn  

or bobbin  

Removing yarn  Finished  

Ring-spun  

yarn on cone 

packages  

-  Yarns  
defects and  

winding yarn to cone 

packages  
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Wool Spinning -Waste Water and Solid Waste 

Process Input materials 
Function 

(purpose) 
Product Effluents 

Solid 

wastes 

Selection  

and sorting  
Raw wool  

Classifying  
Required  

quality of raw 

wool  

- 
 Wool  

fibres waste  

wool 

according to 

quality  

Scouring 
 Raw wool warm 

soapy water  

Cleaning 

wool from 

natural 

grease, suint, 

dirt and dust  

Clean wool 

from grease 

suint and 

dust  

High solids, 

BOD, COD, 

grease, solvent 

and detergent 

residues neutral 

to high pH, 

temperature  

Wool fibre 

waste  

Carbonizing  

Scoured wool – 

Sulphuric acid 

(low 

concentration)  

Removing 

vegetable 

matter  

Wool cleaned 

from 

vegetable 

matter  

Normal pH 

below 7 

occasional acid 

bath dumps  

Little 

charred 

carbon 

residue  

Mixing and  

oiling  

Pre-treated  

wool oil  

Mixed and  

Wool  - 

Wool  

fibres 

wastes  

oiled wool 

ready for 

carding  

Carding  
Cleaned and oiled 

wool  

Fibre 

separation 

and forming 

fibre rope 

(roving)  

Wool roving  - 

Fibre waste 

(typically 

reused)  

Gilling and 

combing  
Carded wool  

Parallelism 

fibres, 

separate 

entanglement  

Combed 

sliver  
- 

 Fibre 

waste 

(reused)  

Roving  Combed sliver  
Drafting sliver 

to form roving  

Roving (or 

top)  
- Fibre waste  

Spinning  Roving  

Draft roving 

and insert 

twist to form 

yarn  

Woolen yarn 

(without 

combing) or 

worsted yarn 

(combed)  

- Fibre waste  
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Weaving Industry - Waste Water and Solid Waste 

Process Input materials 
Function 
(purpose) 

Product Effluents Solid wastes 

Warping  Yarn cones  

Forming the 
longitudinal 
parallel 
arrangement of 
warp threads 

Warp  

threads  

beam  

- 

Yarns- 

packaging  

waste  

Slashing  
(sizing)  

Warp  
threads on 
warp beam 
size solution 

Treating warp  
threads with 
size solution 

Sized warp  

BOD,  

COD, metals, 

size washing 

residues  

Fibre lint,  

yarn scarp 

size residues  

Preparing for 
the loom 

Sized warp  

Threading 
warp threads in 
harnesses, 
reed and rope 
wires to be 
ready for the 
loom 

Warp beam 

ready for 

weaving 

- - 

Weaving  
Warp threads 
arrangement 

Interlacing 
warp threads 
with weft 
threads to from 
woven fabric 

Woven fabric  - 
Yarn and 

fabric scrap 

 

Knitting Industry - Waste Water and Solid Waste 

Process Input materials 
Function 

(purpose) 
Product Effluents Solid wastes 

Warp knitting: 

Warping 

Yarns (cotton, 

wool, blended, 

artificial, 

filament, 

textured) 

Preparing warp 

yarns on warp 

beam 

Warp beam - 

Yarns – 

packaging 

waste 

Knitting  Warp beam  

Interloping the 

warp yarns to 

from knitted 

fabric 

Warp knitted 

fabric 
- 

Yarn and 

fabric scraps, 

packaging 

waste 
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Circular 

knitting or flat 

knitting 

Yarns cones  

Interloping 

threads to form 

weft knitted 

fabric 

Circular knitted 

fabric 
- 

Yarn and 

fabric scraps, 

packaging 

waste 

 

Non-woven Fabric Industry - Waste Water and Solid Waste 

 

Process Input materials 
Function 

(purpose) 
Product Effluents 

Solid 

wastes 

Web  
formation  

Artificial 
fibres  
(polyester,  
nylon, etc.)  

Opening and  
carding the  
fibres  

Card web of 
fibres  

-  Fibres  

Web  
condensation  

Card fibre  
web  

Condensing  
fibre web to  
required  
weight  

Multiplayer  
fibre web  

-  Fibres  

Needle  
punching  

Multilayer  
fibre web  

Mechanical  
bonding of  
fibre web  

Needled 
nonwoven 
felt  

-  Fibres  

Adhesive  
spraying and  
drying  

Needle  
punched  
fabric 

Strengthening  
the fabric  
coherence  

Needle  
punched 
nonwoven 
fabric  

- 

Fibres, 
non- 
woven  
fabric 
scraps  

 
Tufting Industry - Waste Water and Solid Waste 

Process Input material 
Function 
(purpose) 

Product Effluent Solid wastes 

Tufting  

Carpet yarn 
(wool, artificial 
fibre), Ground 
fabric (spun 
bonded non-
woven)  

Inserting rows 
of tufts on 
ground fabric  

Ground fabric 
tufted with 
carpet wool 
pile  

- 

Yarns -
Packaging 
wastes,  
Fabric scraps  

Adhesive  
coating of  
tuft back  

Adhesive  
resin, Jute 
woven fabric  

Fixing tufts to 
ground fabric  

Tufted carpet  
backed with  
adhesive  

Chemicals  
finding way in 
wash water 
contributes to 
BOD and COD 

Spills of  
adhesives  

Covering  
carpet  

Woven jute  
fabric and  

Sticking the  
backing to the  

Tufted carpet  
with finished  

- 
Fabric  
scraps  
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back with  
jute fabric  
and drying  

tufted carpet  adhesive  
coating  

back  

Shearing pile 
surface  

Tufted carpet 
with solidified 
adhesive  

Leveling the 
pile surface  

Finished tufted 
carpet  

-  Fibres  

 

Finishing Industry (Textile wet processes) - Waste Water and Solid Waste 

Process Input material 
Function 
(purpose) 

Product Effluent Solid wastes 

Singeing 
(cotton 
only) 

Unfinished 
woven cotton 
fabrics 

To burn the 
surface fibres 
of grudge 
goods to give 
smooth 
surface 

Fabric with 
smooth 
surface 
and 
no protruding 
fibres 

- 
Little or 
none 

De-sizing 

Singed fabric, 
Enzymes, 
Acids 
(Sulphuric) 

To remove 
size material 
from woven 
fabric 

Fabric free 
from size 

BOD from 
sizes, 
lubricants, 
biocides, 
antistatic 
compounds 

Fibre 
lint, yarn 
waste, 
cleaning 
materials 

Scouring 

Knitted or 
de-sized woven 
fabric,  
Alkaline or 
solvent 
solutions 

Cleaning 
fabric from 
impurities 

Clean fabric 

High BOD and 
temperature 
very high pH, 
fats, waxes, 
detergents, size 
mix residues, 
solvent 
residues 

Little or 
no 
residual 
waste 

Bleachin
g 
(for 
natural 
fibres) 

Scoured fabric, 
hydrogen 
peroxide, 
hypochlorite 

Eliminating 
unwanted 
colour 
matter 
decolorizing 
colour 
impurities 

White 
bleached 
fabric 

Low to 
moderate BOD, 
high pH and 
temperature, 
bleach and 
additives 
residues 

Little or 
none 

Mercerizi
ng 

-Woven or 
knitted cotton 
fabric 
-Caustic soda 
(15-20%) 
-Acid 

To give 
luster, more 
strength, and 
higher 
affinity for 
dyes 

Mercerized 
woven or 
knitted 
fabric 

Very high pH, 
dissolved 
solids, some, 
BOD, NaOH 

Little or 
none 

Dyeing Woven or 
knitted fabric, 

Add colour 
and intricacy 

Dyed fabric Depending on 
type of dye, 

Chemical 
residues, 
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Process Input material 
Function 
(purpose) 

Product Effluent Solid wastes 

dye stuffs, 
auxiliaries, 
reductants and 
oxidants 

to fabrics dissolved 
solids, COD 
heavy metals 

causing 
toxicity, BOD 

fabric 
scrap 

Printing 

Woven or 
knitted fabric, 
pigments and 
dyes, acids or 
alkalis, softener, 
binder, 
emulsifier 
solvents 

Printing 
colour and 
patterns on 
fabric 

Printed 
fabric 

High COD and 
salt content 
solvents toxic 
metals BOD, 
foam, heat 

Chemical 
residues 

Carbonizi
ng 
(for wool) 

Woven or 
knitted wool 
fabric sulphuric 
acid 

Removing 
vegetable 
matter 

Wool fabric 
cleaned 
from 
cellulosic 
matter 

Normal pH 
below 7 
occasional acid 
bath dumps 

Little 
charred 
carbon 
residue 

Special 
finishing 
(mothpro
ofing 
Water 
repellent 
stain rest, 
etc.) 

Woven or 
knitted fabric, 
Mitin, Dieldrin 
and Beconize 
for mothproofing, 
fluoro-chemicals 
for 
water and oil 
repellent 

Giving fabric 
special finish 

Fabric with 
special 
finish 

BOD, COD 
suspended 
solids, toxic 
materials, spent 
solvents 

Chemical 
residues 
fabric 
scrap 

Brushing 
and 
napping 

Woven or 
knitted fabric 

Raise surface 
fibre and 
change feel 
and texture 
of fabric 

Fabric with 
hairy 
surface 

- Fibre 
waste 

Shearing Woven fabric Removing 
surface fibres 

Fabric with 
smooth 
surface 

- Fibre 
waste 

Softening 
by 
calendari
ng 

Woven fabric 

Removing 
surface fibres 
friction 
between 
fibres 

Soft fabric - - 

Sanforizi
ng 

Woven fabric Compacting 
the fabric 

Fabric with 
compressed 
structure 

- - 
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Process Input material 
Function 
(purpose) 

Product Effluent Solid wastes 

Addition 
of 
luster 

Woven fabric 
Adding 
luster to 
fabric surface 

Fabric with 
lustrous 
flattened 
and 
smoothed 
yarns 

- - 

 

Source: Self-Monitoring Manual, Textile Industry, Egyptian Pollution Abatement Project, Ministry of State of Environmental Affairs 

Pollutants Associated with Various Processes 

 

1. Chemicals associated with Sizing, De-Sizing and Scouring will later be removed in wet processing. 

2. All of these materials will appear in waste streams from de-sizing operations. Most of these 

additives have very high BOD values and the sizing agents are also responsible for up to 80% of 

the total COD load in the wastewater. 

 

Pollutants Associated with Various Dyeing 

 

Many pollutants are associated with the dyes and chemicals used in dyeing processes. Pollutant impacts 

are also associated with chemicals used during dyeing, equipment maintenance and cleaning. Dyeing 

contributes most of the metals and essential all of the salts and colour in effluent from textiles operations, 

and these are priority areas for pollution prevention. Dyeing consumes 7% of the water and contributes 5% 

of the BOD in a typical cotton finishing operation. 

Dye Class Fibre Type of Pollution 

Direct dyes Cotton Salt, Unfixed dye, Copper salt, Cationic fixing agents 

Reactive dyes Cotton Salt, Alkali, Unfixed dye 

Vat dye Cotton Alkali, Oxidizing agents, Reducing agents 

Sulphur dyes Cotton Alkali, Oxidizing and Reducing agents, Unfixed dye 

Chrome dyes Wool Organic acids, Unfixed dye, Metals, Sulphide 

1:2 Metal Complex dyes Wool Organic acids, Metals 

Acid dyes Wool Organic acids, Unfixed dye 

Disperse dyes Polyester Reducing agents, Organic acid carriers 
 

Source: Impact of Textile in Environmental Issues and Environmental Legislation (Part I) By: Karthik T. and Gopalakrishnan D. 

 

 

Pollutants Associated with Textile Printing 

The main pollutants associated with printing and identifies their sources 
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Pollutants Associated with Textile Printing and Sources 

Pollutant Typical Sources 

Suspended solids Discarded print paste and clear (Pigment printing) 

Formaldehyde From binder 

Urea Print waste (Wet printing) 

Air emissions Drying / Curing oven emissions (Solvents and Acetic acid) 

Solvents Non-aqueous oil / water thickeners, Machine cleaning, Screen cleaning 

Aquatic toxicity Surfactants, Solvents 

Colour Discarded print waste, Colour kitchen operations, Implement cleaning 

Metals Discarded print waste, Photo operations, Reducing agents in discharge 

printing, Screen making, Engraving operations 

Water (and Heat) Washing of printed cloth, Desizing operations 

BOD Back-coating operations (Carpet printing) 

 

 
Pollutants Associated with Finishing 
Finishing operation generates solid and liquid wastes as well as atmospheric pollutants. Pollutant 

categories include: 

 Solid wastes: Fabric scraps and trimmings from salvages and seams; fibre dust and fragments 

from napping, shearing and related operation, paper tubes and empty chemical drums.  

 Liquid: Discarded finishing mixes and rinse water from finishing implements and equipment as 

well as facility clean up.  

 Vapors: Exhaust gases from drying and curing.  

Apart from above pollutants in various processes the hazardous chemicals used in the processes can 

cause health hazards to workers. 
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Cleaner production measures undertaken 

Sr. 
No. 

CP Option Suggestions Invesment Payback / 
Savings 

Benefits 

1.  Recycle/reuse of 
cooling water and 
condensate water 
as boiler feed 
water 

Cooling water and 
condensate water are non 
process 
Water uses. Many cooling 
water 
systems are operated on a 
once-through 
basis. It  is suggested to  
Recycle/reuse of cooling 
water and 
condensate water as boiler 
feed water. 

Rs. 3,00,000 Saving of Rs. 
33,00,000 per 
annum 
Payback 
period: 3 
months 

Boiler feed water 
consumption 
reduction: 100% 
Recovery of 
energy in form of 
heat from hot 
water: 15% 
minimum 
Reduction in 
boiler emissions 
Reduction in 
waste water 
generation 

2.  Reuse of Treated 
Water for 
Washing at 
Printing Machines 

The ETP treats and recycles 
the water for its use in 
cleaning process of 
screen& frames. In house 
piping arrangements were 
made to divert the ETP 
treated water for cleaning at 
printing machines through an 
overhead tank. 

Rs. 1,00,000 Total savings: 
Rs 3,46,500 
Payback  
period: 10 
months 

Reduced fresh 
water 
consumption by 
150 KL per day 
 
Reduction of 
CETP charges in 
future for the 
volume of waste 
water 
reduced 

3.  

Water 
Consumption 
Optimization at 
Jigger Machines 

In order to reduce water 
consumption and effluent 
generation two separate 
water lines 
were installed for jigger 
machines, for water filling 
with auto timer 
based controller to fill 
required quantity of water 
into jigger for overflow 
line with auto timer controller 
which allows only 400 litre 
per 20 minutes 
and stops the water flow after 
one turn. 

Rs. 2,00,000 
per jigger 

Water saving 
of 360 KL/yr 
 

Reduction in 
effluent 
generation due 
to reuse of 
cooling water 
Reduces the 
load on ETP and 
reduction of 
CETP charges in 
future for the 
volume of waste 
water reduced 

4.  
Caustic Soda 
Recovery System 

To reduce alkaline 
load of waste water  
drastically and acid required 

Rs. 
92,40,000 

Total savings 
of Rs. 
1,42,00,000 

Recovery of  
caustic soda 
requirement  
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for waste water 
Neutralization. 

Payback 
period:  
12 months. 

Reduce ETP 
load 
Reduction in 
effluent 
generation due 
to reuse 
 

5.  Caustic Batch 
Washing in Place 
of Continuous 
Washing in Jet 

To achieve the same 
washing quality as batch 
washing 
with 3500 litre / batch of 
water 

Nil Saving of  
Rs. 3,05,000 
per annum 
Payback 
period:  
Immediate  

Permits same 
washing quality 
Reduction of 
water 
consumption of 
30% 
Reduction of 
water 
consumption 
and cost 
savings. 

6.  Replacement of 
alkaline scouring 
with bio-scouring 
enzyme for 
enzymatic 
scouring 

Bio-scouring process 
provides advantages such as  
reduced water, wastewater 
costs, reduced treatment 
time, lower energy 
consumption 
because of lower treatment 
temperature.  

No capital 
cost required 
since only 
replacement 
of chemical is 
required 

Total savings: 
Rs. 
50, 22,000 per 
annum. 
 
Payback 
period: 
Immediate 

Water 
consumption 
reduction: 
45.45% 
Chemical 
consumption 
reduction: 8.65% 
Electrical power 
consumption 
reduction: 
37.04% 
Fuel (coal) 
consumption 
reduction: 
24.55% 

7.  

Reuse of Alkaline 
Stream from 
Mercerizing 

Caustic soda reacts with the 
cellulose, swells it and 
imparts properties like 
strength, improve luster and 
increase absorption of the 
fabric for dyes. 

Rs. 5,00,000 Total savings 
of Rs. 
5,40,000 per 
annum 
Payback 
period of 12 
months 

Reduction of 
resource 
consumption 

8.  Efficient Boiler 
Operation 

To replace the existing boiler 
with the efficient 6 TPH 
capacity boiler with ESP 
system to take care of the air 
emissions 

Rs. 
85,00,000 

Savings of Rs. 
50,00,000  
Payback 
period: 21 
months. 

Reduction of 
coal 
consumption 
results in cost 
savings 
Minimization of 
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energy 
consumption 

9.  Optimization of 
Heat Energy in 
Jigger Machines 

To maintain the 
required temperature during 
the process there are 
seamless SS coils at 
bottom of the jigger 
machines to provide indirect 
heating through thermic oil 

Rs. 
13,50,000 

Total  
savings of  
Rs. 8,70,000 
Payback 
period 
18 months. 

Reduced 
resource 
consumptions 
cost savings 
emissions 
are reduced 
Reduction in 
coal 
consumption by 
102 tonnes per 
year 
reduction in 
fresh water 
consumption of 
30000 KL per 
year 
Reduction of 
CETP charges in 
future for the 
volume of waste 
water 
reduced 

10.  Low Liquor 
Ration Jet Dyeing 
Machines 

To install air flow jet 
machines 

Rs. 1.25 
crore 

Total savings 
Rs. 18,90,000 
per annum 
Payback 
period of 80 
months 

 Reduced 
resource 
consumption 

 High 
productivity 

 Savings in 
water 

 Chemicals and 
Energy 
Consumption 

11.  Flash Steam 
Recovery of 
Drying Range to 
Preheat Boiler 
Feed Water 

To recover this flash steam 
and raise 
the temperature of boiler 
feed water to reduce the fuel 
input at boiler by 
supplying heated water 

Rs. 1,00,000 Total savings 
Rs. 35,67,000 
per annum 
Payback 
period of 10 
days. 

 Reduction in 
coal 
consumption 
by 510 tonnes 
per year. 

 Reduction in 
fresh water 
consumption 
of 3375 KL per 
year due to 
recovery of 
flash steam 
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 Reduced 
emissions from 
boiler 

12.  Heat Losses 
Optimization at 
Cylinder Drying 
Range 

To insulate with heat 
resistive coatings available in 
market which are polymer 
based coatings with 
special thermal insulation 
properties and are 
applicable for the hot 
surfaces where the 
installation of conventional 
insulation is not 
practical 

Rs. 35,000 Saving is  
Rs. 1,16,000 
Payback 
period   
4 months. 

 Reduction in 
steam 
consumption: 
5-10% 

 Reduction in 
boiler 
emissions. 

 Safety for 
workers will 
improve 

 

 

***** 
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Case Study: Bentonite Manufacturing Sector 
Introduction  

Bentonite is exploited mainly from manual mines. The bentonite processing involves drying, grinding, sizing 
and at times use of additive for exchange. Bentonite processed generally by simple milling techniques that 
involve removal of water and volatile matter like carbon, dioxide, if present, and grinding in to the 
appropriate sizes. Small amounts of chemicals like soda ash are added sometimes before grinding to 
control the properties of bentonite. Raw bentonite when delivered to the processing plant contains 25 to 
40% moisture. It is, therefore dried in dryers and the dried clay is ground in roll and hammer mills or other 
pulverisers and screened. Most of the bentonite is ground to approximately 90% finer than 200 mesh. 

Manufacturing Process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Issues associated with Bentonite Manufacturing 
 
Dust emissions occur during:  

i. Unloading of raw materials  
ii. Vibratory screen operation  
iii. Inlet point of rotary kiln  
iv. Rotary kiln operation  
v. movement of raw material within the plant  
vi. Packaging of materials  
vii. Loading of materials into trucks  

This emission leads to breathing problems, asthma, lung cancer, premature deaths, heat attacks, strokes 
etc. 

Packing 

Screening 

Cooling 

Heating / Dehydration in Roraty Kiln 

Black rubber for colour pigmentation 

Vibratory Screen 

Bentonites Granules 
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Cleaner Production Assessment 
 

1. Unloading of Raw Material  
A. Ramp shall be constructed at the place of unloading from truck which shall be movable in 

nature to minimize dropping height to avoid dusting problems during unloading  
B. The enclosures for unloading should be flexible which covers height of dumpers discharge 

from the roof  
C. Raw material should be unloaded in silo and silo should be covered and should have air vent 

and dust collector mechanism to avoid dusting during raw material unloading  
D. Open Stock Piles should have windbreak walls or greenbelt on its three sides  
E. The capacity of silo should be enough to store the incoming raw materials in case of excess 

raw material. Storage area of raw materials should be covered  
F. Use dry dust collection methods such as fabric filters to avoid dust emissions during unloading  

 
 

2. Vibratory Screen Operation  
A. Provide enclosure to the hopper entrance  
B. Vibratory screen should be kept closed (covered) and provide air vent and dust collection 

mechanism to avoid dusting  
C. Inlet of vibratory screen should be widened and kept in position having minimum dropping 

height  
D. Increase area of screening by providing them more number of holes having same size screen 

to increase screening efficiency  
E. Modify vibratory screen hopper as per the requirement to prevent damages to the plates and to 

reduce spillages of crushed granules  
 

3. Inlet point of Rotary Kiln  
A. Speed of bucket conveyor should be maintained at optimum level to avoid dusting from bucket 

elevator to rotary kiln inlet  
B. Flexible covers must be installed at entry and exit of the conveyors  

 
4. Rotary Kiln Operation  

A. Rotary kiln should be operated as per the designed criteria with optimum temperature and 
pressure  

B. Feed rate of the raw material in the rotary kiln should not be exceeded beyond the capacity of 
rotary kiln  

C. Feed rate and air to fuel ratio should be maintained to avoid back fire  
 

5. Movement of material within the plant  
A. Reduce spillages from screen hopper to conveyer belt by providing box type arrangements  
B. Belt conveyors should be closed preferably  
C. Raw material pit should be covered to avoid dusting during lifting through bucket elevator  
D. To minimize he drop height the free falling transfer points from the conveyor to stockpiles 

should have flexible curtains to minimize the drop height  
 



 

 

Gujarat Cleaner Production Centre- ENVIS Resource Partner 

 

 

Manual on Cleaner Production                        174 

6. Packaging of materials  
A. To create dust free environment within the premises adequate ventilation should be provided 

for packaging section  
 

7. Loading of materials into trucks  
A. Trucks carrying finished material bags must be covered with tarpaulin 

Measures need to be taken in storage areas 
A. Storage area should be reserved  
B. Bentonite granules should be preferably stored in silo  
C. Pathways should be provided properly with entry and exit points  
D. The stock pile should be preferably be covered under shed for new plants  
E. Accumulated dust should be removed or swiped out on regular basis  
F. Production area and storage area should be separated with brick lining wall  
G. If material is stored in the silo then the silo vent should provide a bag filter system to minimize 

air borne fines  
H. Suitable storage silos of adequate capacity should be constructed for collection and storage of 

the mineral powder, to prevent fugitive emissions during the falling of material from conveyer 
belts and during material handling  

I. Provide proper dust collection system to avoid dust emission in storage areas  

Measures need to be taken in flooring areas 
A. Construction of roads should be proper for proper transportation of materials without any type 

of leakage  
B. Proper flooring area should be provided within the premises to avoid spill or leakage within the 

premises  
C. The paved areas should be maintained and repaired periodically  
D. Set up a maintenance program on regular basis to maintain equipments  
E. Keep a register where the results of the inspections and measurements of every installation 

are described  
F. Provide staff training conducting training programmes on regular basis for the staff working in 

the premises on ―good housekeeping‖ measures with objective to create better workplace 
environment within the premises  

G.  The ground within the premises should be cleaned on regular basis  

Measures need to be taken during processing of bentonites 
A. Manual segregation of small and large stones during loading  
B. Provide optimum inclination of crusher discharge chute for smoothing the fall of material during 

conveyer belt  
C. Segregate small and large stones mechanically during its loading at mines and separate 

hoopers 
D. Segregate small size of stones after unloading and feeding in primary crusher  
E. Modify collection belt conveyer of crusher discharge  
F. Modify vibratory screen hopper to prevent damages to the plates and to reduce spillage of 

crushed granules  
G. Modify screen plant circular hole to hexagon shaped hole to increase efficiency and to avoid 

blinding of holes during screening operation  
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H. Reduce thickness of screening plate to reduce power consumption of the screen  
I. Use separate screening to separate dust from grit, to avoid carrying of stones along with the 

grit  
J. Use elevate screen for reducing power consumption and to reduce maintenance charges of 

material handling system 

 
 
Measures need to be taken to control Dust Emissions   

A. Stack attached to the kiln should be provided with dust collection system such as cyclone, bag 
filters, dust collection chamber etc.  

B. Dust collected during manufacturing and operation of Air Pollution Control System should be 
stored in bags  

C. Any open structure for the passage of conveyors should be sealed with flexible seal  
D. Wherever feasible, free falling transfer points from conveyor to stockpiles should be fitted with 

flexible curtains or to be enclosed with chutes designed to minimize the drop height  
E. Scattered piles gathered in beneath belt conveyors, and around the enclosures must be 

cleared on regular basis  
F. Housekeeping standards should be maintained within the premises; any piles of materials 

accumulated in the plant should be cleaned up on regular basis  
 

Proper selection of fuel in Rotary Kiln 
 

A. Use cleaner fuels (e.g. Natural Gas) if it is available  
B. In case of inefficient natural gas as a fuel, use coal having good quality standards with higher 

calorific value, having lower moisture and sulphur content  
C. Avoid mixing of coal in powder form with main fuel, which may cause dust emission in huge 

quantity  
D. Use furnace oil or Diesel Oil of high quality standards specified under the Indian Standards 

Specifications  
E. The normal sulphur content for the residual fuel oil (furnace oil) is in proportionate of around 2 

to 4 % respectively. The sulphur leads to risk of corrosion as it fromssulphuric acid during and 
after the combustion  

F. Excessive ash in the liquid fuels can cause deposition of fouling in the combustion equipment 
and the ash has a erosive effect on the burner tips, it causes damage to the refractory at high 
temperatures and gives rise to high temperature corrosion and fouling of equipments  

G. For complete air combustion on every 1kg of fuel oil 14.1kg of air is required. In practical 
application mixing of air and fuel oil is not perfect than the certain amount of excess air is 
required to complete combustion and one should ensure release of heat in the fuel oil. 
Improper amount of air leads to incomplete combustion and smoke. So it has been designed 
an optimum excess air level for each type of fuel.  
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Energy saving opportunities in Rotary Kiln 
 

A. Install variable frequency drive (VFD) to vary load on positive displacement compressor  

B. Use VFDs for large variable loads  

C. Check voltage condition of motors  

D. Balance three phase power supply  

E. Stag start-up times for equipments having large starting currents to minimize load peaking  

F. Improve power factor (PF) ratio installing power capacitors to reduce KVA demand charges 

and avoid losses within the plant  

G. Provide protective insulation cover on outer surface of rotary kiln to prevent heat losses  

 

***** 



 

NOTES 
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