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1. Solid waste audit of the university:

Solid waste management is a term that refers to the process of collecting and
treating solid wastes. Solid waste generation and its management is a burning issue
in current days. As long as people have been living in settlements, garbage and solid
waste has been an issue. The rate of generation of solid waste is very high and yet we
do not have adequate technology to manage the generated waste. Unscientific
handling of solid waste can create threats to public health and environmental safety
issues. In recent years, it is observed that per capita waste generation has increased
due to the changing life style. Improper disposal of solid waste is responsible for
pollution of air, water and soil. Disposal of solid waste on open area leads to develop
bad odour in the surrounding also it may develop unhygienic conditions. Improper
waste disposal is root cause for spreading the infectious diseases among the human
and animal. So, it is important to take some steps for the proper management of solid
waste followed by reduce, reuse and recycle 3R principle.

There are two basic sources of solid waste: Non municipal and municipal.
Non municipal solid waste is the discarded solid material from industry, agriculture,
oil mining and gas production, construction materials, ash scrubber, sludge and
pesticides containers. Municipal solid waste is material from residences and city
building. It consists of garbage, wooden pieces, and plastic bottles and carry bags,

food wrappers, paper waste food waste etc.

There are main three types:
1) Sources based-Municipal solid waste, Industrial waste, Institutional,
Commercial waste, biomedical waste, Agricultural waste
2) Type based-Garbage, Rubbish, bulk waste, ashes, street wastes, Dead animals,
construction and demolition wastes, sewage waste, sludge, plastics, mining
wastes radioactive waste.

3) Property based —Biodegradable /Organic waste non biodegradable, inorganic

waste, hazardous waste, non hazardous waste.

Solid waste management reduces or eliminates the adverse impact on the
environment and public health. A number of processes are involved in efficiently
managing waste for a municipality. These include monitoring collection, transport,
processing, and open dumping and burning, land filling, incineration, pyrolysis,

composting, reusing, recycling and reducing. It is necessary to manage the solid
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waste properly to reduce the load on waste management system. The purpose of
conduction solid waste audit is to find out the volume, type and current management
practice of solid waste generation in Shivaji University campus during 2022-23 for
the audit purpose, data was collected from store section of Shivaji University.
1.1. Generation of solid waste in university:

Table No.1.1 Category wise solid waste generation in university in the

year 2022-23

Category [Paper Plastic [Metal |Construction |Glass [E-and |Biodegradable [Total waste
of waste [waste waste [Waste [waste waste battery [waste (kg/year)
waste
Quantity
(Kg) 27,420 | 2,511 | 18,805 4,200 216 11,047 14,400 78,599
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Graph No.1.1: Category wise solid waste generation in university during 2022-23.
The average amount of solid waste generated during 2022-23 in Shivaji
University, Kolhapur was approximately78.599 kg. On the basis of observations the

highest quantity of solid waste generated is paper waste which is about 27420 kg. It

Shivaji University, Kolhapur Page 3



Clean and Green initiatives of SUK campus 2022-23

includes office waste paper, answer sheet book and news paper carton boxes press
cuttings. Metal waste constitute second highest place Metal waste includes various
scrap instruments from laboratories that are made up of metals. It accounts about
18,805 kg. Plastic waste accounts about 2511 kg. It includes broken tables and chairs
made up of plastics, wrappers used for covering equipment and chemicals, plastic
bottles, etc. Average E-waste generation is approximately 11470 kg. It includes all
the waste which is generated from electrical equipment’s, capacitors, wires, fused
tube lights and bulbs etc.

Generation of construction waste is approximately 4200 kg during 2022-23. It
includes all the waste generated from renovation and demolition activities in campus.
The glass waste generated in minimum quantity i.e. 216 kg, which is in the form of

broken glassware from laboratories, cups and glasses used in canteens.

Table No.1.2 Percentage of category wise solid waste in university (kg)

Category offPaper Plastic |Metal struction Glass [E- egradable waste |Total

waste waste waste |Waste [waste waste waste
waste

Percentage 34.89 3.19 23.93 5.34 0.27 | 14.05 18.32 100.0

Percentage of Solid waste generation

m Paper waste
m Plastic waste
Metal waste

m Construction waste

1

m Glass waste
E waste

0%

6% 9
24% 3% m Biodegradable waste

Graph No. 1.2: Percentage of solid waste generation in university during 2022-23 (%)

Percentage wise distribution of different sources of solid waste in
Shivaji University is shown in the above graph. The maximum percentage of solid

waste is paper waste which is 34.89 % and minimum percentage of glass waste is
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approximately 0.27 %.paper waste is produced mostly through Exam department
answer sheet books.

The plastic waste generation is approximately 3.19 %. Construction
and metal waste constitutes approximately 5.34 % and 23.93 % respectively. The E-

waste generated from electrical equipment’s constitutes 14.05 %.

1.2 Waste types generated in Major Quantity
1.2.1 Paper Waste

Paper waste is a highest generation of waste due to academic and
administrative activities. It is generated in all departments including administrative
buildings. Most of the departments including administrative building are using one
sided paper for printing and writing. Paper waste generated in Shivaji University
includes Administrative office paper waste, Printing press waste, answer sheets from
exam department, paper waste from library and newspapers. All this paper waste is
sent for shredding, pulping and recycling after completion of their preservation
period. In academic year 22-23 this paper waste from Shivaji University Kolhapur is

handed over to Shri Nilesh Traders Company for disposal.

1.2.2 Biodegradable waste:

Biodegradable waste generated in campus is mostly from canteen,
hostels and guest house kitchens. Canteen waste is collected and some biodegradable
waste is treated with vermicomposting process. The leaf litter is also biodegradable

waste. This leaf litter generated through daily sweeping is composted in the campus.

1.2.3 Non Biodegradable waste:
A) Metal waste

Metal waste is generated through various activities. The good thing about
metal is they can be recycled over and over without changing its properties. Metal
waste includes scrap of benches, table, cupboard, cots and other things which are
made up of metals. Metal waste which is generated in the Shivaji University campus
is listed out and quotations from recycling vendors are taken and metal waste is
handed over for recycling to the vendor which is with highest quotation. This metal

waste is handed over to the M/S M. J. steel.
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B) Plastic Waste:
Table No. 1.3 Plastic waste generation and its distribution in university

during 2022-23

Category Plastic Kg/year Total
Hard Soft | Carry Bags and Water bottles | Other
Quantity 885 200 426 1000 2511
Percentage 34.24 7.96 16.96 39.82 100

catagorywise percentage of plastic waste

m Others

= Total

Graph No. 1.3. Categorization of plastic waste at university during 2022-23 (%)

Graph No.1.3 shows that the hard plastic in the form of broken chairs, tables produces
higher amount of hard plastic that is 34.24%. The soft plastic accounts 7.96% of plastic while
the carry bags, water bottles are present about16.96 %.

1.2.4 E-waste:

Generation of e-waste is found in every educational institute. All discarded
electronic appliances are called as E-waste. E-waste requires special treatment for
disposal so it is also called as special waste. It is observed that the e-waste generated
at University is of Schedule II category. Computers, printers, scanners, internet
routers, CPU’s, UPS, fused bulbs and tubes are used for administrative and laboratory
work. The wire required for the connectivity also gets included in the E-waste. In the
university numbers of computer laboratories are present. Each department and

administration use computers for their routine work.
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University list out all the scrap electronic equipment or e-waste and takes
quotation from e-waste recycling vendors and to selected vendor university used to

hand over E-waste for disposal to Mahalaxmi e-Recyclers Pvt. Ltd.

1.2.5 Construction waste:

Construction and demolition waste is generated whenever any construction
activity takes place. Such waste is generated from construction of new buildings and
demolition activities consisting of concrete, tiles, bricks, drywall, asphalt, plastics,
metals, wood, rock and more. These construction waste materials are often inert and
non-biodegradable, heavy, bulky and responsible for overload landfills. Most of the
construction waste generated in campus is reused in campus for construction

activities.

1.2.6 Hazardous waste audit of the university:

Hazardous waste is waste that has substantial or potential threats to
public health or environment. The sources of hazardous waste in the university are
very less. The amount of hazardous waste generated in the university is 13.3
kg/month. The major source of hazardous waste in campus is the laboratories from
science departments from use of various chemicals for practicals and research
purpose. Improper disposal of such waste can cause serious health effects.

Table No. 1.4: Hazardous waste generation and its distribution in the university

Sr. No. [Department Name Type of Hazardous Waste Hazardous waste in
(kg/month)
1 [Chemistry laboratory chemicals and other 4.0
2 [Zoology laboratory chemicals and other 0.5
3 |Environmental Science laboratory chemicals and other 0.1
4 [Physics laboratory chemicals and other 0.2
5 |Electronics laboratory chemicals and other 0.2
6 [Biochemistry laboratory chemicals and other 0.5
7 |[Biotechnology laboratory chemicals and other 4.0
8 [Microbiology laboratory chemicals and other 0.3
9 |AGPM laboratory chemicals and other 0.4
10 [Botany laboratory chemicals and other 0.3

Shivaji University, Kolhapur
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11  [Nano science laboratory chemicals and other 0.6
12 [DOT laboratory chemicals and other 2.0
Total 13.1 kg/month

Hazardous waste in (kg/month)

S

e

\»

m Chemistry = Zoology Environmental Science
m Physics = Electronics Biochemistry

m Biotechnology = Microbiology = AGPM

m Botany m Nano science = DOT

Graph Nol.4 Hazardous waste generation and its distribution in the

university

1.2.7 Biomedical waste:

Biomedical waste or hospital waste is any kind of waste containing infectious
material. This waste is distinct from normal trash or general waste and differs from
other types of hazardous waste such as chemical or industrial waste.

In Shivaji University there is Health centre which is an outpatient department
type of clinic designed specially as per need of residing students and teaching and
administrative staff and their relatives. Biomedical waste generated here is from
medical use (day care treatment) and clinical use. This waste is collected in special
specific colored leak proof plastic bags and containers which are provided by

collecting agency.

1. Red colored bin is used for intravenous sets, used syringes without needles, used
hand gloves.

2. Yellow colored container used for dressing material like used cotton balls and
gauze.

3. White colored container used for needles, burned needles scalpels.
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4. Blue colored container is used for empty injection vials and ampuls.

This BMW is collected weekly by Kolhapur municipal corporations
authorized agency SS Services which is approved by Maharashtra Pollution Control
Board. It is further transferred to main disposal unit at Kasaba Bawada where it is
often incinerated; autoclaved, disinfected and plastic material is degraded into
reusable plastic threads. In routine procedure the waste is handed over to authorized

BMW

1.3 Current Eco-friendly solid waste management practices:

The university is following eco friendly solid waste management practices.
1.3.1 Bio composter in Ladies hostel of University:

The ladies hostel in Shivaji University has three Messes in its premises with a
capacity of more than 900 students. So, there is generation of food waste and
vegetable waste which is organic in nature. The hostel premises also generate waste
leaf litter and weeds. There is always a problem of disposal of such waste in the
premises. Therefore, considering this difficulty a Rotary Drum Bio composter is
installed near the Mess No.1. The composter is having 3 m length, 1 m diameter and
10mm thickness. The capacity of the drum is up to 100 kg. The composter has grinder
at one end through which the waste input is chopped into small pieces and digested
further in the digester. To remove the odour problem the aeration is provided through

rotating the drum either by manually by mechanical handle or through motor.
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Photo Plate No. 1.1 Bio composter in Ladies hostel

e Plasto Green through pyrolysis process: Plastics make up many of
the everyday products we use, as well as the packaging that encloses a vast variety of
products. The collection and appropriate disposal of plastic waste is the greatest
global challenge. Plastics can be converted into hydrocarbon fuels since it contains
hydrogen and carbon. Pyrolysis is the thermo chemical decomposition of organic
substances at elevated temperatures in absence of oxygen. Plastic waste is treated in
a cylindrical reactor at temperature of 300 OC — 350 OC. The gases are condensed to
give a Fuel oil. A solid carbon residue is generated at the bottom of the reactor. A
pyrolysis model is prepared by YCSRD, Shivaji University, Kolhapur and installed
in Technology building in SUK. The basic objective behind preparing this Pyrolysis
plant is to design and develop economical and commercially feasible technology for
converting Waste Plastic into Fuel and fabricate portable PTF convertor demo unit of
plastic disposal capacity of 25 kg. Through this pyrolysis process the plastic waste is
converted into fuel. This process is beneficial to reduce environmental pollution by
eliminating need of open air burning of waste plastic or disposal of plastic by way of

dumping on land or in water resources.
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Photo Plate No. 1.2 Pyrolysis fuel equipment — Plasto Green

1.3.2 Biogas Plant:

The extraction of energy from the biomass wastes by its anaerobic
degradation with the help of various technologies is useful renewable energy. In this
contest, one of the best methods to extract the energy from the biological wastes
which includes, Kitchen wastes, Agricultural wastes; Animal wastes etc. are the
installation and generation of biogas plant. The biogas released acts as an
environmentally sustainable energy source. In our Shivaji University campus there are
two units of Biogas plants. One unit is installed near Earn and Learn Hostel and
another unit is installed near Technology Hostel in the campus. The input given to
these plants is in the form of Kitchen waste generated in hostel mess. These Biogas
plants are organic processing facilities to generate biogas which will be more cost
effective, ecofriendly, reduce landfill waste, generate a quality renewable fuel and
reduce carbon dioxide and methane emissions. The reactor works as anaerobic
digester system to produce biogas energy. Biogas is used as energy source for

cooking.
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Photo Plate No.1.3: Biogas plant near canteen

1.3.3 Vermicomposting:

It is an ecological way of dealing with organic waste. The most important
aspect of compost produced by earthworms is that it is 100% organic. There are no
harmful chemicals and it does not need to be mixed with anything. Vermicomposting
produces a product that is naturally designed to benefit plants in several different
ways. The most significant benefit is that the nutrients in earthworm compost are very
easily absorbed by the roots of plants. Unlike chemical fertilizers, Vermicompost is
not easily flushed from the soil because of the worm mucus that it contains. Plants
have longer to obtain the nutrients and get the maximum benefit. As the compost is
passing through the body of the worms it is enriched with bacteria and microbes.
These help plants to become more disease resistant and also repel some plant pests.
Vermicompost is a colloid and holds up to nine times its own weight in water. This
can make a huge difference when there is a dry spell. The water is held at an organic
level so tends to evaporate slowly while still being available to the plants. Considering
the advantages of Vermicomposting,, Shivaji University has taken initiative in
construction of Vermicomposting Plant near main Canteen. This plant was
constructed in 2006 to convert the canteen food waste into good fertiliser. The waste
is segregated to avoid the entry of non biodegradable items like plastic, metal, etc. and
added into the vermicomposting pit. The waste is mixed with slurry of cow dung to
increase the degradation rate. The Eisenia foetida species is generally used for

Vermicompost production which gives better results.
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Photo Plate No.1.4 Vermicomposting plant near main Canteen

Key Observations:

e The average waste generated in the university is app. 78,599 kg during 2022-23
e Highest quantity of solid waste is Paper waste around 27,420 kg during 2022-23.
e Paper waste is generated by all departments. Especially, administrative building is
using more one side papers for printing and writing which is a good practice.
e Answer sheets, old bills and confidential report are sent for shredding, pulping and
recycling after completion of their preservation period.
e University has banned single use plastic for any administrative as well as other
purpose and therefore very less amount of plastic waste is generated in the University
.even though the plastic waste should not be generated in campus.
e Metal scrap is segregated separately by respective departments and sent for
recycling.
e Biodegradable waste is utilized in biogas plant and prepared composting.
e Waste segregation is done at the source
e Construction waste is reused in other site of Shivaji University.
e The E- waste, paper waste, plastic waste, metal waste and biomedical generated is
given to the dealer for recycling.
e C(leanliness and hygienic conditions were maintained in the campus.
e Shivaji University has dumping area where solid waste is dumped. Shivaji

University works on to go zero waste.
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Environment Management Plan:

decorations, etc.
unnecessary plastic

e Sometimes
plastic bottles

Solid Waste
Sector Strengths Weakness Suggestions Priority
e Use of green e Multiple e Towards
computing practices numbers of paperless office:
e Pulping of major copies required | more use of e-
portion of papers for office work. | mails, advance IT | Medium
i.e. answer sheets, e There is still technology for
bills and other lack of communication.
administrative awareness e The awareness
papers. about use of regarding paper
e Use of one-sided paper in some use should be
papers in main departments. made in teaching,
building and many nonteaching and
1.Paper departments. research scholars.
e The examination
department use
SRPD system for
paper distribution.
e The convocation
process also
involves online
system.
e The administration
use emails and
online payment.
e Total Plastic ban on | e Sometimes e Segregation of
campus. plastic items waste at the
¢ Recycling and reuse are thrown with source and
of plastic at some general waste. sending plastic | Medium
departments. e The plastic waste for
¢ In all functions the covering of recycling.
2. Plastic plastic mineral dispatched
water bottles, tea laboratory
cups, straws, equipment
bouquets and gifts boxes and other
with plastic items are
covering, unavoidable.
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use is avoided.

and bags are
required for
water and soil
sampling
which is
unavoidable as
per the
protocol.

e Distribution of
RO water
through plastic
cans.

3.Biodegradable
waste

e Composting of bio-
degradable waste at
two canteens and at
Vidyarthi Bhavan
Mess

e Burning of dry
bio-degradable
waste at some
places.

e Composting of
all bio-
degradable
waste at various
places by
Garden section
and using it for
nursery,
plantation and
gardening.

e The kitchen
waste generated
in hostel
kitchens should
be utilized for
compost
production or
biogas
generation.

Medium

4. Glass waste

e Reuse of bottles at
some departments
for storage of
chemicals.

e Throwing of
glass waste
with regular
waste though it
is recyclable.

e Sometimes the
glasses of
windows and
doors crack
suddenly
which produce
glass waste.

e Maximum reuse
of bottles.

e Sending the
broken glass for
recycling.

High

Shivaji University, Kolhapur
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5. Biomedical

waste and

Hazardous
waste

¢ Biomedical waste
sent to KMC
incineration plant
for disposal.

e There is no
provision for
the treatment
of laboratory
washings from
Science
departments

e There is no
provision
regarding
expired
chemicals and
used bottles in
laboratory.

e Separate
containers for
glass, Liquid and
body waste
should be
maintained

e There should be
proper
management
regarding
expired
chemicals and
used bottles.

High

Shivaji University, Kolhapur
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Green initiatives of Shivaji
University, Kolhapur

Year 2022-23
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Green initiatives of Shivaji University, Kolhapur Year 2022-23

The survey for the green cover inventory was conducted during January 2023 for
compiling campus information. The Garden Department of Shivaji University, Kolhapur gave
the information related to the entire campus. The Garden Department under the guidance of
Hon. Vice Chancellor Dr. D.T. Shirke and Hon.Pro-Vice Chancellor Dr. P.S. Patil, Hon.
Registrar Dr. V. N. Shinde has taken many initiatives to make this campus more diverse and
rich by planting more endemic trees. Mr. Abhijit Jadhav Superintendent of garden department
is inculcating many new things for greenery of Shivaji University, Kolhapur.

2 The initiatives taken by the Garden Department are as follows:
2.1 Plantation under Social Forestry at Synthetic track SUK:

India pioneered social forestry, being among the earliest nations to embark on this
initiative. In 1950, the Central Government introduced an annual tree planting festival,
marking the inception of this endeavour. Subsequent advancements in social forestry ensured,
notably with the National Forest Policy of 1952 bolstering these initiatives. The forest
department of Maharashtra is actively cultivating fast-growing species in rows, with a
rotation period of 7-10 years. Social forestry entails engaging communities in planting trees
on barren lands, fallow areas, and farm bunds. This approach serves the dual purpose of
generating income for individuals and augmenting forest cover, contributing to
environmental, social, and rural development. Aligned with Gandhian philosophy on
economic growth and community development, social forestry aims to create social benefits
and additional resources, paving the way towards self-sufficiency. The inception of
Maharashtra's first social forestry program in 1982 marked a significant milestone. This
program, aligned with the Government of Maharashtra's policy, aims to enhance the state's
green cover and promote environmental sustainability.

Social forestry activities were actively carried out within the campus of Shivaji
University. In the 2020-2021 periods, a substantial plantation effort took place near the
Synthetic track, a notable site within the university premises. This undertaking was part of the
Maharashtra Government's ambitious 13 crore trees plantation initiative. Collaborating with
the Samajik Vanikaran Vibhag, Kolhapur, and the event witnessed the planting of
approximately 11,111 saplings on July 1, 2018, with the active participation of District
Guardian Minister Chandrakantdada Patil. Shivaji University has demonstrated remarkable
commitment to tree planting, aligning with the tree planting campaigns led by the

Government of Maharashtra over the past two years. Notably, the survival rate of the planted
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trees within the university campus stands at an impressive 91%. As a result, Shivaji
University has gained recognition for both planting and nurturing trees.

The plant tree species planted on site are Casia fistula (Bahava), Syzygium
cumini (Jambhul), Tamarindus indica (Chinch), Pithecellobium dulce (Vilayati Chinch),
Bambuseae (Bamboo), Pongamia pinnata (Karnj), Azadirachta indica (Neem), Bauhinia
variegata (Kanchan) and Mangifera Indica (Deshi Amba) etc. The site has also includes the
shrub species as Hibiscus rosa-sinensis (Jaswand), Cestrum nocturnum (Ratrani), Justicia
adhatoda (Adulsa) and Acalypha indica (Acalypha) etc. The Garden Department has taken

an initiative to plant more native trees on the Social forestry site to attract native biodiversity

around the campus.

Photo plate: 2.1 Social Forestry Plantation Site year 2021-22

Photo plate: 2.2 Social Forestry Plantation Site status year 2022-23
2.2 Miyawaki Gardens:

The Miyawaki forest, named after the Japanese botanist Akira Miyawaki, represents a
revolutionary approach to afforestation and ecological restoration. This unique forestation

technique focuses on creating dense, multilayered forests in a short span (20-30 years),
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promoting biodiversity and environmental sustainability. The Miyawaki method has gained
global acclaim for its ability to transform degraded lands into thriving ecosystems. At the
core of the Miyawaki forest approach is the concept of closely planting native tree species in
a small area, replicating the structure of natural forests. Unlike traditional afforestation
methods, which involve planting trees at a considerable distance from each other, the
Miyawaki method emphasizes planting diverse species in close proximity. This dense
arrangement not only accelerates forest growth but also facilitates the development of a self-
sustaining ecosystem.

One of the key advantages of Miyawaki forests is their ability to sequester carbon at an
impressive rate. The dense planting ensures that these forests absorb more carbon dioxide,
contributing significantly to mitigating climate change. Additionally, the biodiversity fostered
by the Miyawaki method enhances ecosystem resilience, making these forests more adaptable
to environmental changes. Miyawaki forests have been successfully implemented in various
parts of the world, addressing deforestation, urban heat island effects, and loss of
biodiversity. These forests have found applications in urban areas, school campuses, and even
industrial zones, showcasing their versatility and effectiveness.

On 19" June 2021, The Garden Department has established two Miyawaki Forest on the
SUK campus. According to data and information provided by the Garden department these
Miyawaki forest posses 958 trees with native species of trees. It is observed that, the trees
planted in the area shows good condition and growth. The Miyawaki forests includes
Pongamia pinnata (Karnj), Azadirachta indica (Neem), Bauhinia variegata (Kanchan) and
Mangifera Indica (Deshi Amba) Casia fistula (Bahava), Syzygium cumini (Jambhul),
Tamarindus indica (Chinch), Pithecellobium dulce (Vilayati Chinch), and Bambuseae
(Bamboo), etc. The plantation is done for 2 plants per square meter to avoid competition
between two trees as they required large area for their basal area such as Pongamia pinnata
(Karnj), Azadirachta indica (Neem), Syzygium cumini (Jambhul), Tamarindus indica
(Chinch), and Pithecellobium dulce (Vilayati Chinch), etc. This is a great initiative taken by
the Garden Department under the guidance of Hon. Vice Chancellor Dr. D.T. Shirke and
Hon.Pro-Vice Chancellor Dr. P.S. Patil and Hon. Registrar Dr. V. N. Shinde and Garden
Superintendent Mr. Abhijit Jadhav. The Garden Department has well maintained these

Miyawaki gardens. The Gardner and other people take care of this Miyawaki forest.
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Photo plate: 2.3 Miyawaki forest plantation site left photo year 2021-22
And right photo year 2022-23
2.3 Nursery at SUK:

A nursery of ornamental plants was started earlier by the Garden Department but due
to lack of manpower the plant nursery was closed. The said nursery was again started in
March 2014. It mainly produces indigenous wild trees, ornamental plants for creating
gardens. The remaining plants are sold at the government rate. These include Jambhul,
Native Mango, Karanj, Kanchan, wad, umbar etc. Seedlings are produced. Also, Mogara,
Tagar, Roses, Heliconia, Chrysanthemum etc. plants are prepared to make the garden.

Approximately 8 to 10 thousand plants are produced in a year.

Photo plate: 2.4 Shivaji University, Kolhapur (SUK) Nursery
2.4 Chancellor’s Coconut Garden:
Chancellor’s Coconut garden was established in year 2018 by Garden Department

SUK. The Chancellor’s Coconut garden covers total area about 2.5 Acers on campus. The
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garden was established near Reverse Osmosis (RO) plant, Shivaji University, Kolhapur. The

garden posses total 265 coconuts trees. The garden is in good condition and well maintained.

Photo plate: 2.5 Chancellor’s Coconut garden left image before and right image now
3. Composting units at SUK nursery:

The Garden Department at SUK has launched an initiative to create organic compost
using plant litter exclusively. The compost is derived solely from plant litter collected during
campus cleaning activities. Two composting units have been set up at the SUK Nursery site,
with each unit measuring 12ft X 3ft X 2ft. The plant litter undergoes natural degradation in
these units.

As per the Garden Department's information at SUK, the composting units are
expected to efficiently produce a substantial amount of compost annually through the
degradation process. The primary aim of this composting initiative is to transform leaf litter
into organic compost. Once the compost is successfully produced, it will be utilized for both
nursery plants and other plants across the campus. This sustainable approach not only
addresses waste management but also promotes the use of organic compost for the benefit of

the university's greenery.
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Photo plate: 2.6 Composting units at SUK Nursery
4. Carbon Sequestration potential of SUK campus:

Climate issues have become increasingly severe in recent times. All alterations in
the global atmosphere are attributed to human activities. The human-induced greenhouse
effect is a consequence of greenhouse gases, which play a crucial role in sustaining life on
Earth. Greenhouse gases (GHGs) are substances that absorb the long-wave radiation emitted
by the Earth. While this mechanism is vital for self-regulation and maintaining the Earth's
temperature to support life, the predominant factor driving climate change is the escalating
concentrations of GHGs in the atmosphere, primarily caused by anthropogenic or human-
made activities. According to the Intergovernmental Panel on Climate Change (IPCC), the
most concentrated greenhouse gases include Carbon dioxide (CO,), Methane (CHy), nitrous
oxide (N;O), chlorofluorocarbon (CFC), water vapour (H;O), and hydro
chlorofluorocarbons (HCFC). All these greenhouse gases (GHGs) possess a Global
Warming Potential (GWP), representing their capacity to contribute to global warming.
GWP is a measure of the warming potential of any GHG, indicating the cumulative warming
it can cause over a given period after its release into the atmosphere. To assess this, CO; is
designated as the reference, and emissions of other GHGs are converted to the equivalent
amount of CO, with the same GWP, expressing them in terms of CO; equivalent.

Carbon dioxide, a major GHG containing carbon, one of the most abundant
substances on Earth, is integral to this process. The Earth system harbors natural sources and
sinks of carbon that stabilized atmospheric CO, concentration at around 280 ppm in the pre-

industrial era. However, since the industrial revolution, the rapid increase in atmospheric CO,
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concentration has been evident due to heightened demand for fuel extracted from geological
reservoirs in the form of non-renewable energy resources. Furthermore, accelerated land
cover and land use changes, driven by the growing needs for food, feed, fiber, and housing,
have further contributed to the rise of CO, levels in the atmosphere.

Addressing the current climate change scenario involves an ideal mitigation plan: the
removal of excess carbon from the atmosphere. The most straight forward method for
securely storing surplus carbon is through the safe storage in a protected sink. The process of
transferring and securely storing atmospheric CO; into other enduring carbon reservoirs that
would otherwise be released or persist in the atmosphere is known as 'carbon sequestration.'
This involves the long-term storage of atmospheric CO; in soil, oceans, plants, and geological
formations, encompassing both natural and human-induced processes.

In the realm of these processes, the anthropogenic approach demands substantial costs
for machinery, processes, and equipment, whereas natural processes are cost-effective and
less expensive. However, natural methods are time-consuming compared to anthropogenic
methods. Pacala and Socolow (2014) have delineated fifteen options for stabilizing
atmospheric CO; concentrations by approximately 550 ppm by the year 2050. Three of these
options revolve around carbon sequestration in terrestrial ecosystems.

Terrestrial sequestration, regarded as one of the best long-term safe storage solutions
for atmospheric carbon, involves the transfer of atmospheric CO; into biotic and pedologic
carbon pools. This method employs plants, soil, and microorganisms to convert atmospheric
carbon into a global carbon pool for secure and enduring storage. The terrestrial ecosystem,
with its significant carbon sink capacity due to photosynthesis and secure CO, storage in live
or deceased organic matter, is often referred to as a win-win or no-regrets strategy. Trees play
a vital role in sequestering atmospheric CO, through the photosynthesis process, crucial for
their vegetative and productive growth.

As universities are transforming from regional to global institutions, they bear the
responsibility of confronting and addressing global challenges. It is incumbent upon these
educational institutions to actively engage with and seek viable solutions for future global
challenges. Government institutes, universities, and national and international organizations
have a social and environmental obligation to respond proactively to various global issues at
the local level and disseminate the knowledge generated into society.

The pressing environmental concerns of global warming and climate change require
scientific and efficient interventions. Equipped with skilled human resources and analytical

infrastructure, universities are positioned to translate ideas into practical solutions.
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Recognizing the urgency of the times, the Department of Environmental Science at Shivaji
University, Kolhapur, has undertaken the task of assessing the green cover on the SUK
campus and quantifying the carbon sequestration potential of the existing tree population.
This proactive approach aligns with the institution's commitment to fulfilling its role in
addressing contemporary environmental challenges and contributing to a sustainable future.
4.1 Carbon sequestered by Shivaji University campus:

Carbon sequestration implies transfer of atmospheric CO; into other long lived global
pools including oceanic, pedologic, biotic and geological strata to reduce the net rate of
increase in atmospheric CO, (Lal, 2007). The terrestrial and atmospheric carbons are strongly
interacting with each other. In the present study is the assessment of existing carbon stock
stored in Shivaji University campus in the form of woody vegetation by enumerating every
tree species. Overall 8,939.26 tons of CO, has been captured and stored by the woody plants

present on the University campus during 2022-23.

Yearwise CO, sequestration potential of SUK campus in tons
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Graph No: 2.1 Year wise CO; sequestration potential of SUK campus trees in tons
4.2  Oxygen released by SUK campus:

Woody vegetation in Shivaji University campus has released 23,867.82 tons of
oxygen in their lifetime till date. Released oxygen is directly proportional to CO; in the ratio
of 32/12. The oxygen released by woody trees present on campus is working as support
system to people living in campus and surrounding. The university campus works as Oxygen

Park in Kolhapur city.
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Year wise O, released by woody vegetation of
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Graph No: 2.2 Year wise O; released by woody vegetation of SUK campus in tons
4.3 Carbon sequestration potential of campus woody tree vegetation in future:

Plants sequester atmospheric carbon dioxide with natural process called
photosynthesis. They absorb atmospheric CO, for their vegetative growth. Carbon
sequestration by woody trees is the effective carbon offset methods recommended by many
researchers for the minimization of carbon footprint and carbon emission. The Carbon offset
by trees is the most widely used methodology used by institutions as well as many industries.
Institutes and universities are usually having large campus which can be used for current as
well as future carbon emission by planting more and more trees in their campus areas. Forests
and woody trees are the biggest carbon pool on Earth, act as a major sources and sinks of
carbon in nature.

The woody vegetation of 13,272 trees is sequestering approximately 289 tons of CO,
with the liberation of 773 tons of oxygen annually. The trees planted at Social forestry site
will sequester 242 tons of CO, /annually while; Miyawaki forests and Chancellor’s Coconut
garden will sequester 21 tons of CO, and 5 tons of CO, /annually respectively. New
plantation of 1154 will sequester 25 tons of CO; annually. Overall, 269 tons of CO, will
annually sequester by total 13,488 woody trees in future. The oxygen released by newly

planted trees at Social forestry will be 785 tons of O, /annually.
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5. Fire mitigation plan for SUK campus

Numerous woody trees, bushes, and plants can be found on the vast 853-acre SUK
campus. The SUK campus is comprised of grassland and woodland, which increases the risk
of wildfires. In the summer, the grassland on campus will dry out significantly, giving
surrounding fires fuel. In the years 2022-2023, there were zero fire occurrences on the SUK
campus. The SUK authorities have taken the initiative to lower the number of campus fires
by cutting dry grass prior to summer. As of right now, the university has taken some steps to
stop these fire incidents on campus, such as constructing roads to access to fire extinguishers
at the incident site and digging trenches in surrounding areas to stop surface fires from
spreading throughout the school. Because of its extensive expanse of verdant, luxuriant
vegetation, the campus functions as a carbon sink. However, these unexpected occurrences
may also cause the campus to emit carbon dioxide. Consequently, the university needs to
have a surface fire preparedness plan that is both proactive and reactive. On the campus of
the institution, a sizable number of trees have been planted. Trap lines are taken over an area
of approximately 5 to 6 hectares. This makes it easy to protect the trees.

6. Tree Condition Survey Report of SUK :

The Tree Condition Survey Report for Shivaji University, Kolhapur was prepared by
Vaibhav Raje, an ISA Certified Arborist for the year 2022-23. The report assessed 202 trees,
providing a detailed visual assessment of their structural and physiological condition and
offering recommendations for mitigation measures. The report emphasized that all trees
inherently pose a certain degree of hazard and risk, and the purpose of the inspection was to
identify predictable failures to reduce potential tree failures

The report included an introduction, site location details, and important pre-requisites

for conducting visual inspections. It also outlined the site observations and recommendations
for each tree, categorizing them by priority level and specifying the required work timeline.
Additionally, it provided a tree schedule with details of each tree's botanical name,
approximate height, stem diameter at breast height (DBH), and directional canopy spread.
The appendices included a comprehensive list of trees, their common and botanical names,
and detailed observations of defects for each tree. The report also highlighted that the
"moderate or low risk" rating of trees should not discount them from posing a potential risk
in the future, emphasizing the need for periodic monitoring and inspections to update the

risk assessments.
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Tree Condition Survey Report (202 trees)

TREEC _TECH

ARBORICULTURE SOLUTIONS

Valbhav Raje
BSc MSc ISA Certified Arborist (ML og06A)

24" Aug 2022
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Tree Condition Survey Report for 202 trees

Vaibhav Raje
ISA Certified Arborist
ML-0406A

This report is prepared for the client for the purpose of addressing tree matters in various areas of
Shivaji University, Xolhapur.

D cted

RESALIC N

A4*lUA 14

Thi it caters ; had potenti; . A
detailed visual assessment has been done to evaluate the current tree structural/physiological
condition and recommend any mitigation measures,

A ALALNS, + AL

This report is an independent assessment of the trees within the site and the recommendations and
opinions listed within the report cannot be altered without prior consultation and written agreement
from the attending arborist.

R

Vaibhav Raje
Attending Arborist

Page 2 of 47
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Furthermore, an advanced diagnosis report for 24 trees was submitted separately,
along with a summary of the work priorities and recommendations for each tree. In
conclusion, the report provided a thorough assessment of the tree conditions at Shivaji
University, addressing potential concerns and maintenance requirements for each tree. It
emphasized the importance of regular monitoring and updates to the risk assessments to
ensure the ongoing safety and health of the trees on the university campus.

The recommendations for addressing tree concerns in various areas of Shivaji
University, Kolhapur include a detailed visual assessment of 202 specifically selected trees to
evaluate their current structural and physiological condition. The report provides
recommendations for mitigation measures based on the priority level of each tree, categorized
as low, moderate, or high priority. The recommendations include specific actions such as
reducing crown and branch end weight, structural pruning, removing dead branches, and
correction cuts, with specified timelines for carrying out the recommended work.
Additionally, the report emphasizes the need for periodic inspections and monitoring of the
trees to identify and address any emerging issues or defects. It also highlights the statutory
wildlife obligations and the importance of seeking advice from a Certified Arborist for
detailed inspections and maintenance needs.

The specific defects observed in the trees include a range of issues such as co-
dominant stems, dead branches, decayed wood, epicormic growth, lean, lion tailed branches,
and structural concerns like cracks and girdling roots. The work priorities for mitigation are
categorized as high, moderate, and low, with specific recommendations for each tree. These
recommendations include reducing crown and branch end weight, structural pruning,
removing dead branches, and advanced diagnosis using resistograph. The work priorities
range from within 1-6 months to 6-12 months, depending on the severity of the defects and
the urgency of the required mitigation measures. Additionally, the report emphasizes the need
for periodic inspections every 12-36 months to monitor existing defects and identify any new
issues or defects within the trees. It also recommends seeking advice from a Certified
Arborist for detailed inspections.

Two trees have been recommended for felling, there are 23 tree observed that have
high risk of felling in future. Total 150 trees are considered as moderate from posing as a
potential risk or failure in the near future and hence should be updated every time after
periodic monitoring and inspection. These trees have been identified as requiring removal

due to specific concerns or risks identified during the assessment. It is important to address
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these recommendations in a timely manner to ensure the safety and health of the overall tree

population within the site.

Here is the list of tree species along with their common names:

Sr. No. | Scientific name Common name
1 Cassia siamea Kashid
2 Delonix regia Gulmohar
3 Samanea saman Rain tree
4 Pithecellobium dulce Vilayti chinch
5 Tamarindus indica Chinch
6 Azadirachta indica Kaduneem
7 Sterculia foetida Jungli badam
8 Ficus religiosa Pimpal
9 Jacaranda mimusifolia Neelmohar
10 Putranjiva roxburghii Putranjiva
11 Grevillea robusta Silver Oak
12 Bauhinia variegata Kanchan
13 Peltophorum pterocarpum Sonmohar
14 Ficus benghalensis Wad
15 Bauhinia purpurea Kanchan
16 Acacia auriculiformis Australian Babhul
17 Eucalyptus citridora Nilgiri
18 Dalbergia procera Kinnai
19 Swetenia mahogani African mahogany
20 Albizia lebbeck Shirish
21 Leuceana leucocephala Subabhul
22 Parkia biglandulosa Chenduphul
23 Millingtonia hortensis Akashneem
24 Spathodea campanulata African tulip tree
25 Albizia lebbeck Shirish
26 Syzygium cumini Jambhul
27 Mangifera indica Amba

Shivaji University, Kolhapur
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28 Ficus glomerata Umber
29 Ficus elastica Rubber tree
30 Terminalia catappa Desi badam
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CONCLUSION AND MANAGEMENT PLAN
In the academic year 2022-23, Shivaji University, Kolhapur had a Green Audit by the
Department of Environmental Science at Shivaji University, Kolhapur. The process of
discovering and evaluating whether institutional policies are sustainable and environmentally
friendly is known as "green audits." The major goal of the college's green audit is to examine
the green practices that are being used in the institution and to carry out a well-planned audit
to determine where we stand on a scale of environmental soundness.
e Conclusions:
The following are some findings from the team's green audit that can be used to
improve the college campus and make it more environmentally friendly:
1. The institute has made attempts to keep the campus green.
2. Because the University site is older, there is higher carbon stock in the form of campus
green cover.
3. The campus tree biodiversity is rich.
e Recommendations:
The primary recommendations for enhancing the campus environment are listed below.
1. Wherever the new building construction is proposed and trees are cut, its record
should be maintained properly.
2. Itis possible to start drip irrigation for gardens and botanical gardens.
3. Events involving human-made fire should be avoided on campus.

4. In order to prevent fire occurrences on campus, fire lines should be getting ready.
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% ENVIRONMENT MANAGEMENT PLAN:

We have created an Environment Management Plan (EMP) for the Shivaji University,

Kolhapur by comprehending the dynamics of the current scenario of resource usage and

current practises of green inventory. This strategy will not only outline the advantages,

disadvantages, and solutions for maintaining a green and clean campus, but it will also

prioritise the areas in which the University needs to make greater environmental

improvements.
Environment Management Plan 2022-23
Sector Strengths Weakness Suggestions Priority
Tree e There is lots of | e Monoculture |e Avoid Medium
Vegetation space for plantation Plantations on | monoculture,
¢ 99 tree species on | campus. variety of species
campus. e Plantation on | should be planted
e 13,272 total full campus  of | incampus area
grown trees on some exotic | ® Plantation on
campus. plants. slope areas of
e [ ead Botanical | ® More growth | campus.
Garden with of trees like | @ No permission to
endemic species of Gliricidia. other organization
Western Ghats. for plantation.
e Plantation activity e Campus
by University and plantation plan to
all Departments. be prepared.
e University tree e Guidance of
authority to look Botany
after campus department  for
garden and plantation
plantation. activity.
eNo. of trees cut
for construction to
be counted each
time
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Audit Team, Department of Environmental Science, Shivaji University, Kolhapur
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Chapter I
Introduction
1.1 Energy Audit, a Tool for Environmental Protection and Conservation

An energy audit is a survey that looks at how an organization uses its energy and looks for
ways to conserve it. It refers to a method or system designed to lower the organization's energy
consumption without lowering output. The audit offers recommendations for additional strategies
and techniques for maximizing energy savings. Traditionally, fossil fuels, water, and wind have
been used to produce electrical energy. The abundance of fossil fuels and their rates of depletion
reinforce the need for alternative energy sources and electric energy conservation. Offering goods
or services at the lowest cost and with the least degree of environmental damage is often the main
goal of an energy audit and the control of energy consumption (Backlund and Thollander, 2015).
Energy audits are required to identify areas for improvement, cost-saving opportunities, understand
how fuel is used, where waste occurs, and identify potential savings.

An energy audit is suggested and carried out to ensure that energy-saving methods are
adopted and followed in educational institutions and industrial sectors in a sustainable manner. The
audit process includes the creation and completion of a questionnaire, a physical inspection of the
campus, the observation and analysis of paperwork, key person interviews, data analysis,
measurements, and suggestions. Energy audits consider a variety of information, such as potential
energy savings, energy management, alternative research, etc. In 2010 (Cabrera et al.), given these
details, the audit's specific goals were to evaluate the departments' adherence to relevant laws,
policies, and standards, as well as the effectiveness of the sustainability management and control
system. It has the ability to have a major impact on both the environmental impact and the
organization's operational costs (Singh et al., 2012).

The Energy Conservation Building Code (ECBC), introduced in 2017, establishes minimal
standards for the design and construction of energy-efficient buildings throughout India.
Additionally, it offers two extra sets of incremental specifications that buildings must meet in order
to reach higher than necessary levels of energy efficiency (Gnanamangai et al., 2021).In an effort
to adopt energy-saving procedures in an organisation, the Bureau of Energy Efficiency (BEE) was
established in 2002. Affixed to manufactured goods, energy-efficiency labels provide information
on the products' energy efficiency (Ingle, 2014). In order to speed up energy efficiency efforts,

BEE has created a system for labelling buildings' energy efficiency that corresponds with their star
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ratings. The BEE Star Rating Scheme is based on the real performance of the building and
equipment in terms of specific energy usage, or "Energy Performance Indicator," by using star
ratings to designate products that will be helpful for energy savings in a sustainable manner
(Mishraand and Patel, 2016).

Maintaining focus on energy price changes, energy supply availability and efficiency,
choosing a suitable energy mix, identifying energy-saving technology, retrofitting for energy-
saving equipment, and other issues is made easier with the help of energy audit programs. In
general, an energy audit procedure focuses on implementing conservation concepts by providing
technically feasible solutions within a set time frame while also considering organizational,
financial, and other challenges (Asnani and Bhawana, 2015).It also covered finding ways to save
money by lowering operating costs or the amount of energy used for every unit of output. It acts as
a "benchmark" (reference point) for energy management in the business to design more energy-
efficient use all around (Cabrera et al., 2010).

1.2. Need for an Energy

Audit Energy (both electrical and thermal), labor, and materials are frequently determined
to be the top three running costs in every organization. In each of the aforementioned components,
energy would invariably rank as the highest manageable cost or potential cost saver, making the
function of managing energy a significant area for cost cutting. Understanding how energy and fuel
are used in various industries will be made easier with the aid of an energy audit, which will also
point up potential wasteful practices and areas for development. The energy audit would provide a
helpful direction for programs that are essential for production and utility activities, such as
reducing energy costs, preventative maintenance, and quality control. Such an audit program will
assist in maintaining focus on variations in energy costs, the availability and dependability of the
energy supply, choosing the right energy mix, identifying energy-saving technology, retrofitting for
energy-saving equipment, etc. Energy audits often involve providing technically feasible solutions
with economic and other organizational concerns within a given time limit in order to make
conservation ideas a reality. Finding solutions to cut operational expenses or energy usage per unit
of output is the main goal of an energy audit. An energy audit serves as a "benchmark" (Reference
point) for managing energy inside a business and also serves as the foundation for developing plans

for a more efficient use of energy across the board.
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The idea of an eco-campus primarily focuses on sustainable energy consumption and
conservation, as well as chances for savings. Additionally, it emphasizes reducing carbon
emissions, calculating carbon footprints, purchasing energy-efficient equipment for cost-effective
and secure energy supply, promoting and enhancing energy conservation in all buildings, lowering
the organization's energy use, lowering waste sent to landfills, and incorporating environmental
considerations into all agreements and services deemed to have a significant environmental impact.

Studying auditing for energy management in terms of energy savings and opportunities is
possible. Despite the fact that energy is generally invisible, we can observe its effects in the form of
heat, light, and power, so we know it exists in wire, pipes, and other non-living elements. Energy
use, energy sources, energy monitoring, illumination, vehicle movement, electrical and electronic
appliances, and transportation are all covered by this indication. Energy use is undoubtedly a
crucial component of campus sustainability; thus, its inclusion in the assessment doesn't call for
any justification. While energy is heavily consumed, opportunities for energy conservation may be
considered. An energy-efficient light-emitting diode (LED) uses less than 10 W compared to an old
incandescent (tungsten) bulb, which shows a good trend toward energy savings. The three ways to
reduce energy use that are related to environmental degradation are covered by energy auditing.
Following an audit, ideas and recommendations may be made, which are then helpful for reducing
energy use. Any organization that cares about the environment must therefore regularly use both
internal and external auditors to review its energy usage procedures.

Any organization's energy management strategy depends heavily on the conduct of energy
audits, utilizing both internal and external energy auditors. In order to find better ways to control
the environment's influence, it is necessary to quantify the impact of energy potential within a
business. Measurements of the carbon footprint within the organization based on the quantity of
carbon emissions produced by the electrical appliances, vehicles, and human population may be
attempted in addition to the audits of the organization's water, liquid, and solid wastes, biomedical
and electronic wastes, energy potential, and biodiversity. It calculates the amount of carbon dioxide
equivalents inhaled by the company that performs carbon accounting. It is important to understand
how much the company is doing in terms of energy management to support sustainable
development. Therefore, it is advised that stakeholders measure each organization's carbon

footprint in order to help keep the campus environmentally friendly.
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1.3. Aims and Objectives of an Energy Audit

An effective technique for creating and implementing an organization's complete energy
management plan is an energy audit. A systematic identification of energy efficiency, conservation,
and savings opportunities at the audit sites' premises is the goal of an energy audit. The auditing
procedure is performed in accordance with the following.

e Examining the energy-saving opportunities and steps taken at the audit sites.

e Identification of new energy-saving options and other conservation strategies.

e Implementing alternative energy sources can help with energy management decision-
making and energy-saving opportunities.

e supplying technical details on how to create an energy balance as well as advice on where
to go for it for specific applications.

e Analysis of the campus' most recent electricity bill in detail, awareness of the pricing plan
offered by the State Electricity Board and the central government, and detailed calculations
of energy consumption.

e List the different ways that energy is used, including electricity, LPG, firewood, gasoline,
diesel, and electric stoves, kettles, and microwaves.

e Analysis of the last two to three years' worth of energy bills, the last years’ worth of LPG
cylinder purchases, and the cost of water used for human consumption and plant watering.

e Use of installed laboratory equipment and instruments, incandescent (tungsten) and CFL
lighting, fans, air conditioners, cooling devices, heaters, computers, photo copiers, inverters,
generators, and cooling apparatus.

e In the organization, alternative or unconventional energy sources are used or installed
(photovoltaic cells for solar energy, windmill, energy efficient stoves, Biogas, etc.).

1.4. Benefits of an Energy Audit
» Reduced costs of energy
The most obvious advantage is that the Organization will spend less money on energy
Costs the less energy it consumes.
» Identify problems
An energy audit can identify any potential problems with the equipment. The auditor might,
for instance, discover tiny leaks in the pressurized air system. If these leaks go unnoticed, they

could end up costing a lot of money. Additionally, auditors can spot harmful health threats,
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including carbon monoxide emissions from defectively vented equipment. The company will be
able to quickly rectify these kinds of problems with a routine energy audit, ensuring the workers'
health and safety.
» Enhanced employee comfort
The organization might learn of modifications made to the insulation and air sealing during
the Audit. The completion of these improvements will contribute to the creation of a more
dependable and efficiently heated or cooled workspace for the employees. Because more
contented workers are typically more productive, the organization will not only save
money on energy but also potentially enhance general health.
» Specific recommendations
Discovering new energy-efficient devices can be made easier by working with an energy
specialist. The expert will create a customized plan and suggest the upgrades that would provide
the highest ROI. These could consist of modernized lighting systems, a fresh HVAC system,
weatherization techniques like air sealing and insulation, and more. Many of the ideas will pay for
themselves quickly with drastically lower energy costs, even though others may have a hefty
upfront cost.
» Promote environmental concern
The organization will demonstrate to its clients and staff that it cares about the environment by
making efforts to become more energy efficient.
» Rising property value
Making a facility more energy efficient in accordance with an energy auditor's suggestions
could also raise its market value. An increased home value is a result of things like solar panels,
high-efficiency LED lighting, and weatherization measures.
» Extended equipment life
For optimal energy savings, an energy auditor might advise updating part of the equipment.
If the organization decides to modernize, it can anticipate long-lasting equipment as well as energy
cost savings. This is because newer, more energy-efficient equipment doesn't need to work as hard
to give the same level of performance as older, out-of-date devices.

» Energy audit assessment
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Energy audits will assess the organization "as a whole," with the objective being to consider
a variety of potential alternatives rather than just one or two specific initiatives (electrical,
mechanical, envelope, and water).
» Energy audit possibilities

In addition to informing on opportunities, the audit will provide information with a financial
analysis. Prioritization based on monetary gain and return on investment will then be possible. It
gives technical details about the suggested energy-saving measures.
» Analysis of the energy audit's quality

A high-quality audit will utilize statistical techniques to analyses previous energy use and
identify potential problems. To better comprehend the environmental advantages of the decisions,
provide information with emissions analysis. Recognize where your energy goes and what needs
the most of your attention. Provide benchmark data so that we can compare our energy

consumption to that of others.
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Chapter II
Methodology
2.1 Background of Shivaji University, Kolhapur Energy Audit preparation:

Considering all this situation and adding national holidays in the total closed days, the audit
process was carried out in three phases. For preparation of audit, the earlier data was compared
with the present. At first, all the secondary data required for the study was collected from various
sources, like concerned departments. A broad reference work was carried out to clear the idea of
Energy Auditing. Different case studies and methodologies were studied and the following
methodology was adopted for present audit. The methodology of present study is based on onsite
visits, the personal observations and questionnaires survey tool. Initially, based on data
requirement, sets of questionnaires were prepared. The surveyors then visited all the departments of
the university and the questionnaires were filled. The generated data is subsequently gathered
through various sections of university and used for further analysis. From the outcome of the
overall study, a final report is prepared.

» Energy Auditing Process
Planning
Choosing audit team

Inspecting site/ Collection of data

Y V. V V

Analyzing results of audit

» Evaluating audit
2.2 Survey by Questionnaire:

Baseline data for Energy Audit report preparation was collected by questionnaire survey
method. Questionnaires prepared to conduct the Energy Audit in the university campus is based on
the guidelines, rules, acts and formats prepared by Ministry of Environment, Forest and Climate
Change, New Delhi, Central Pollution Control Board and other statutory organizations. Most of the
guidelines and formats are based on broad aspects and some of the issues or formats were not
applicable for university campus. Therefore, using these guidelines and formats, combinations,
modifications and restructuring was done and sets of questionnaires were prepared for energy audit.
All the questionnaires comprise of group of modules. The first module is related to the general
information of the concerned department, which broadly includes name of the department, month

and year, total number of students and employees, visitors of the department, average working days
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and office timings etc. The next module is related to the present consumption of resources energy.
There are possibilities of loss of resources like water, energy due to improper maintenances and
assessment of this kind of probability is necessary in Energy Audit. One separate module is based
on the questions related to this aspect. Another module is related to maintaining records, like
records energy bill, equipment warranty specification, etc. For better convenience of the surveyor,
some statistics like, basic energy consumption characteristics for electrical equipment etc. was
provided with the questionnaires itself.

2.3. Onsite visit and observations:

Shivaji University, Kolhapur has vast built up area comprising of various departments,
administrative building, teachers and staff quarters, student hostels, sports complex and health
centre. All these amenities have different kind of infrastructure as per their requirement. All these
buildings were visited by the surveyors and the present condition is checked with the help of the
questionnaires. Personal observations were made during the onsite visit. All the amenities were
clubbed in as per their similarities and differences, which makes the survey and further analysis
easier. For the data compilation purpose the Administrative building, Departments and support
services were clubbed into 3 Blocks and given coding as Building Block A, Building Block B,
Building Block C the details of the Blocks are as follows:

Table No. 2.1 Details of each block including the various departments.

Sr. No. Name of the Building Sector
1. Commercial Sector
2. Residential Sector
3. Academic Sector

After collection of secondary data, the reviews related to each environmental factor were
taken by the energy audit team. The data was tabulated, analyzed and graphs were prepared using
computer. Depending upon the observations and data collected, interpretations were made. The
lacunas and good practices were documented. The Energy Management Plan (EMP) was prepared
for the next academic year in order to have better environmental sensitization. Finally, all the

information was compiled in the form of energy Audit Report.
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2.4 Data analysis and final report preparation:

A proper analysis and presentation of data produced from work is a vital element. In case of
Energy Audit, the filled questionnaires of the survey from each group, were tabulated as per their
modules, in Excel spreadsheets. The tabulated data is then used for further analysis. For better
understanding of the results and to avoid complications, averages and percentages of the tables
were calculated. Graphical representation of these results was made to give a quick idea of the
status. Interpretation of the overall outcomes was made which incorporates all the primary and
secondary data, references and interrelations within. Final report preparation was done using this
interpretation.

Table No. 2.2 Categorization of university departments and support services at Shivaji
University Campus.

Uco Bank (Br. Vidyanagar), Post Office, Consumer Stores,
Employment Bureau , S.U.Karmachari Pathsanstha, Canteen ,
Annex Zerox, Uco Bank Atm, Main Building, Bank Of India -
Commercial sector Atm, at Annex Building, Snack Spot -1, 2, 3, 4, B.S.N.L. -
Environmental Science, Uco Bank Atm, Dot Building, Reliance
Jio, B.S.N.L. - OIld Library, Y.C.S.R.D., Commerce &
Management, Near Cyber Security

Hon’ble Vice-Chancellor, Hon’ble Pro-Vice-Chancellor and
Registrar Residence, Available for Security Section, Post Master
Quarters, Space For Center For Clmate Change and Sustainbility
Studies, International Affers Cell, Ladies Hostel No. 1, 2, 3 And
Gent's Hostel No. 1, 2, 3, Department of Technology Ladies
Gents Hostels

Residential Sector

Guest house, Y.C.Mukta vidyapith (yashwantrao chavan)

Day care center, Humanities dept. building, Health center, Press,
Chemistry department, Zoology department,

Botany department, Nano science department, Library

Physics department, Department of technology and hostels

Academic Sector
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Chapter 111
Observation and Result
3. Energy Audit:

An energy audit for a university is a thorough assessment that examines the energy
consumption patterns across its facilities. It involves scrutinizing systems like lighting, water, and
equipment to identify inefficiencies and areas of high energy usage. By utilizing technology and
on-site inspections, auditors pinpoint sources of energy waste, such as leaks or outdated equipment,
and assess the overall efficiency of systems. The audit report acts as a roadmap, offering
recommendations to enhance energy efficiency. Suggestions may include upgrading to energy-
efficient appliances, implementing smart controls, optimizing layouts for natural lighting, and
integrating renewable energy sources. Importantly, an energy audit is not a one-time fix; it's a
continuous process. Regular monitoring ensures that implemented changes deliver the expected
results and allows for further improvements. Beyond cost savings, an energy audit aligns with a
university’s commitment to sustainability. It fosters a culture of conservation, supporting
environmental responsibility and contributing to a more sustainable campus. Ultimately, it's a
proactive step towards creating an energy-efficient and environmentally conscious university
community.

The Shivaji University Campus hosts a diverse array of departments and support services
across its three main building blocks. In the Commercial Sector, services catering to financial needs
like Uco Bank and Bank of India coexist with essential facilities such as a Post Office, Consumer
Stores, and an Employment Bureau. Additionally, this sector houses recreational spots like the
Canteen, Snack Spots, and various ATMs. Moving to the Residential Sector in Block B, it
accommodates the residences of esteemed figures like the Vice-Chancellor and Pro-Vice-
Chancellor, alongside security sections, postal services, and dedicated spaces for academic units
like the Centre for Climate Change and Sustainability Studies and the International Affairs Cell.
Finally, the Academic Sector within Block C encompasses an array of academic departments
spanning Humanities, Sciences, and Technology. This sector comprises vital departments like
Chemistry, Zoology, Botany, Nano Science, and Physics, alongside the Mukta Vidyapith, Health
Center, and a comprehensive Library. Each sector serves as a hub of energy consumption,

contributing uniquely to the university's academic, administrative, and communal endeavours.
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3.1 Electricity consumption in the Commercial sector:

Electricity is the lifeblood that allows for smooth operations in this wide range of
establishments. The UCO Bank branch strategically positioned near the main and annex building,
harness electricity to power their ATM, ensuring constant access to financial services. The Post
Office and Consumer Store rely on electricity for their day-to-day functions, maintaining
communication lines and running essential systems. The Employment Bureau and educational
institution, S.U. Karmachari Pathsanstha, employ electricity to facilitate administrative tasks,
power information systems, and support educational endeavors. Additionally, the canteen, snack
spot, and annex Xerox centre efficiently utilize electricity for their services, aiding in food
preparation, document reproduction, and customer convenience. Moreover, the departments of
B.S.N.L. are intricately linked with environmental science and an old library, utilizing electricity
for research, information dissemination, and daily operations.

Table No. 3.1: Electricity consumption by the Commercial Sector

Commercial Sector 2022-23

Month kWh/Month
Jun-22 42,63,000
Jul-22 33,48,000
Aug-22 44,31,000
Sep-22 44,15,000
Oct-22 60,70,000
Nov-22 38,87,000
Dec-22 37,19,000
Jan-23 41,16,000
Feb-23 66,26,000
Mar-23 58,19,000
Apr-23 94,12,000
May-23 57,66,000

Total 61,872,000
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Graph No. 3.1: Electricity consumption by the Commercial Sector

The data that has been supplied represents the amount of energy consumed each month in
kilowatt-hours (kWh) by the commercial sector between June 2022 and May 2023. The data
analysis reveals varying patterns and trends in the energy consumption of commercial buildings
during this time frame. Starting in June 2022, 4,263,000 kWh of energy were used by the
commercial sector. After that, in July 2022, this number decreased to 3,348,000 kWh, suggesting a
brief decrease in energy consumption. With consumption rising at 4,431,000 kWh in August 2022,
there appears to have been a rise in economic activity or operational requirements during that time.
At 4,415,000 kWh, September 2022's consumption level remained comparatively high, staying
near to August's figures. But in October 2022, energy use increased significantly to 6,070,000
kWh, indicating either a significant increase in demand or perhaps a change in the operational
needs of the commercial sector.

November 2022 noted a drop to 3,887,000 kWh, which was different from the higher
consumption of the previous month. This downward trend was maintained in December 2022,
when 3,719,000 kWh were recorded. A slight increase to 4,116,000 kWh in January 2023 may
suggest an increase or modification of energy requirements. A notable hit in consumption occurred
in February 2023, reaching 6,626,000 kWh, one of the highest points in this time frame for energy
use. March 2023 continued to be a relatively high month of consumption at 5,819,000 kWh.
However, April 2023 showed yet another remarkable peak, reaching 9,412,000 kWh, which may
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have been caused by seasonal or operational fluctuations. In May 2023, on the other hand,
consumption dropped to 5,766,000 kWh from the extraordinary amount used in April. Over the

given period, the commercial sector consumed 61,872,000 kWh of energy in total.

3.2 Electricity consumption in the Residential Sector:

In this residential hub nestled within the campus, electricity is the silent powerhouse that
brings life and functionality to these distinguished abodes and essential facilities. The residences of
the Hon’ble Vice-Chancellor, Pro-Vice-Chancellor, and Registrar stand tall, powered by electricity,
serving as bastions of leadership and administrative skill. These homes are well-lit havens of
academic excellence and strategic decision-making. Adjacent to these residences, the space
dedicated to the Security Section is efficiently powered, ensuring the safety and protection of the
entire residential area. The promising prospect of a Centre for Climate Change and Sustainability
Studies thrives, powered by electricity, indicating a commitment to environmental initiatives and
scholarly pursuits. The International Affairs Cell is a active centre working for students. The Clerk
Vehicle Section operates seamlessly, powered by electricity, managing logistical needs and keeping
the residential area in motion.

Ladies' and Gents' Hostels, numbered 1, 2, and 3, rely on electricity for lighting, comfort,
and academic support, providing a nurturing environment for students. The Department of
Technology Ladies' and Gents' Hostels seamlessly integrate academic innovation and residential
comfort, powered by electricity to support the endeavours of future technologists. The Post Master
Quarters serve as a vital communication hub, powered by electricity to maintain connectivity and
logistical operations. Throughout this vibrant residential area, electricity serves as the indispensable
force that illuminates pathways, ensures safety, fosters academic pursuits, and supports the
seamless functioning of these distinguished abodes and essential facilities.

Table No. 3.2: Electricity consumption by the Residential sector

Residential Sector 2022-23

Month kWh/ Month
Jun-22 36,894,000
Jul-22 35,384,000
Aug-22 28,846,000
Sep-22 26,104,000
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Oct-22 34,795,000
Nov-22 29,313,000
Dec-22 41,380,000
Jan-23 40,476,000
Feb-23 42,317,000
Mar-23 44,061,000
Apr-23 87,902,000
May-23 58,796,000

Total 50,626,8000

Energy Consumption in the Residential Sector
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Graph No. 3.2: Electricity consumption by the residential sector

The consumption of energy in residences between June 2022 and May 2023 shows a
variable trend, with monthly kWh usage fluctuating. The information reveals a story of shifting
energy needs driven by various household-affecting factors. Residential energy use started at
36,894,000 kWh in June 2022, which is a significant starting point. There was a small decrease in
July 2022 to 35,384,000 kWh, and a large decline in August 2022 to 28,846,000 kWh. September
showed a further decline to 26,104,000 kWh, extending the trend of decline. The amount of
electricity consumed in October 2022 reached 34,795,000 kWh, indicating a rise in energy demand.
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This increase was only temporary, though, as 29,313,000 kWh were lost in November 2022.
December 2022 showed a notable increase at the end of the year, coming in at 41,380,000 kWh,
which could be attributed to higher seasonal demand. Beginning the year 2023, January maintained
a relatively high consumption at 40,476,000 kWh, followed by a slight elevation in February to
42,317,000 kWh. With a consumption of 44,061,000 kWh. In March 2023, the increasing pattern
was maintained, maybe as a result of shifting weather patterns or growing energy requirements.

The most significant change, though, happened in April 2023 when there was a remarkable
rise in energy usage to 87,902,000 kWh, almost double the amount used the month before. This
significant increase may be the result of a number of things, including severe weather, changes in
household routines, or perhaps a greater dependence on energy-hungry devices or technology.
While May 2023's consumption was lower than April's record-breaking amount of 58,796,000
kWh, it was still higher than the combined total for several months during that time. This data
indicates how residential energy consumption is dynamic and influenced by a variety of factors,
including household adoption of energy-efficient practises, seasonal variations, lifestyle changes,
and technological advancements. It is crucial for stakeholders to comprehend these trends. With the
use of this data, energy providers can plan infrastructure upgrades, efficiently allocate resources,
and forecast demand. From these insights, policymakers can develop energy-saving programmes,
encourage the use of renewable energy sources, and encourage consumers to adopt energy-efficient
behaviours.

Homeowners can use this data as a guide to evaluate and possibly optimise their energy use.
In order to reduce their environmental impact and utility costs, it promotes the use of smart home
technologies, the adoption of energy-efficient appliances, and the investigation of renewable energy
sources. Finally, a story of varying demands is revealed by the residential energy consumption data
from June 2022 to May 2023. This story highlights the complex interaction of multiple factors

influencing household energy consumption.

3.3 Electricity consumption in the Academic Sector:

The energy consumption across various departments within an institution varies
significantly based on their functions, infrastructure, and operational needs.

i) Academic Departments (Humanities, Chemistry, Zoology, Physics, Nano Science):
These departments primarily consume energy through laboratories, research equipment, lighting,

and climate control systems. Chemistry, Physics, Zoology, and Nano Science departments typically

Shivaji University, Kolhapur 15



Energy Audit 2022-23

utilize high-energy equipment like spectrometers, microscopes, and various analytical instruments
essential for research and experiments. These spaces require controlled environments for
temperature, humidity, and ventilation to ensure optimal conditions for experiments, which
contribute significantly to energy consumption.

ii) Support Services (Health Centre, Day Care, Library, Press, Department of
Technology, Hostels): The Health Centre may have medical equipment, climate control, and
lighting needs. The Day Care requires power for lighting, heating, cooling, and appliances.
Libraries, especially newer extensions, involve extensive use of lighting, climate control to
preserve materials, and the operation of digital resources. The Press and Technology Departments
might utilize printing machinery, computers, and specialized equipment, leading to increased
energy consumption. Hostels demand energy for lighting, heating, cooling, and other amenities
provided to residents.

iii) Common Areas (Guest House, Y.C. Mukta Vidyapith): These areas require energy
for lighting, HVAC systems, and general infrastructure maintenance. Guest Houses often cater to
visitors, necessitating energy usage for guest accommodations and services. Y.C. Mukta Vidyapith
likely involves lecture halls, administrative offices, and common areas that contribute to overall
energy consumption.

Table No. 3.3: Electricity consumption by the Academic Sector.

Academic Sector 2022-23

Month kWh/ Month
Jun-22 40,180,000
Jul-22 40,572,000
Aug-22 25,983,000
Sep-22 32,343,000
Oct-22 28,510,000
Nov-22 29,687,000
Dec-22 29,616,000
Jan-23 33,223,000
Feb-23 30,584,000
Mar-23 29,018,000
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Apr-23 56,944,000
May-23 41,315,000
Total 41,797,5000
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Graph No. 3.3: Electricity consumption by the Academic Sector

The data presented sheds light on the trends in electricity consumption in the Academic
sector by outlining the monthly kilowatt-hour (kWh) usage from June 2022 to May 2023. The
energy consumption of the public sector as of June 2022 was 40,180,000 kWh. A slight increase to
40,572,000 kWh in July 2022 suggests a stable trend. On the other hand, August 2022 saw a sharp
decline, falling to 25,983,000 kWh, indicating a substantial divergence in public sector energy
consumption. While September 2022 noted a slight increase to 32,343,000 kWh, it was still
significantly below the first few months. October 2022 spotted 28,510,000 kWh, which was a
reasonably steady trend. A minor increase to 29,687,000 kWh was shown in November 2022, and
December 2022 showed a similar level of consumption at 29,616,000 kWh. In 2023 began with a
rise in January that reached 33,223,000 kWh. This increase may indicate shifting operational needs
in the public sector or seasonal variations. But February 2023 showed a drop to 30,584,000 kWh,
which might mean optimisation efforts or changes in usage trends. At 29,018,000 kWh, March

2023's consumption level remained comparatively steady, following the patterns of earlier months.
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The amount of energy used in April 2023 increased dramatically to 56,944,000 kWh, nearly double
the amount used in the same month the previous year. There could be several reasons for this
unexpected rise, including changes in the infrastructure, higher demand, or unique operational
needs at the time. While still higher than many previous months, May 2023's consumption of
41,315,000 kWh showed a decline from April's extraordinary levels.

For the public sector, the total energy used during this time was 417,975,000 kWh. The
previous information highlights the moving character of energy consumption in the public sector,
which is shaped by a variety of factors. It is essential for efficient resource management,
operational planning, and sustainability initiatives to comprehend these consumption patterns. This
data is used by authorities and public institutions to assess and optimise energy use. Developing
strategies to improve energy efficiency optimise infrastructure, and lower operating costs without

sacrificing service delivery can be made easier with the help of these trends.

4. Comparative study of electricity consumption by three sectors:

1 Residential sector 5062,68,000
2 Commercial sector 618,72,000
3 Academic sector 4179,75,000

Total 9861,15,000
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Graph No. 4.1 Energy consumption comparative chart of three sectors

In the 2022-23 periods, energy consumption was recorded across three major sectors:
residential, commercial, and public. The residential sector utilized 506,268,000 units, while the
commercial sector consumed 618,720,000 units. Remarkably, the public sector demonstrated
significantly higher energy usage, consuming a substantial 4,179,750,000 units. This data
showcases a notable disparity, with the public sector accounting for a substantial portion of the
total energy consumed across these sectors. Understanding these consumption patterns is crucial in
addressing energy demands and fostering sustainable practices across diverse sectors for a more
balanced and efficient energy landscape.

The categorization of university departments and support services at the Shivaji University
Campus is based on energy consumption monitored via department-specific meters. These meters
track and gauge the energy utilization within each building block. In the Commercial Sector, where
financial institutions like Uco Bank and Bank of India operate alongside essential amenities such as
the Post Office and Consumer Stores, energy consumption is primarily recorded through dedicated
meters within these facilities. Similarly, the Residential Sector, housing key figures' residences,
security sections, and academic units like the Center for Climate Change and Sustainability Studies,
is monitored through department-specific meters installed in these areas. Meanwhile, in the Public
Sector, comprising a diverse range of academic departments like Chemistry, Zoology, Botany,
Nano Science, and Physics, energy usage is meticulously tracked through individual meters within

each department and support service, offering a comprehensive overview of their respective energy
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consumption patterns. These meters serve as critical tools in understanding and managing the

energy needs and usage across the university campus.

5. Diesel consumption of DG sets:

Generators are used in educational institutions for several reasons:

a.

Backup Power: They serve as a backup power source during electrical outages or
disruptions. Uninterrupted power supply is crucial to ensure continuous functioning of
essential services like laboratories, research equipment, computer systems, and critical
infrastructure.

Reliable Operations: In areas prone to frequent power cuts or unreliable electrical grids,
generators act as a reliable source of power, ensuring uninterrupted teaching, learning, and
administrative activities.

Critical Infrastructure: Educational institutions house critical infrastructure such as data
servers, security systems, and communication networks. Generators guarantee the
continuous operation of these systems during power failures.

Research and Laboratories: Laboratories, particularly in fields like chemistry, physics,
biology, and engineering, require consistent power for experiments, instruments, and
specialized equipment. Generators ensure these facilities have continuous power for
research activities.

Residential Facilities: Generators can provide power to residential halls, ensuring
students have access to lighting, heating, cooling, and essential amenities during power
outages.

Events and Activities: During events, conferences, or examinations, where consistent

power is essential, generators serve as a reliable backup to avoid disruptions.

In essence, generators in educational institutions act as a safety net, ensuring that crucial

academic, research, and administrative functions can continue without interruption, even in the

event of power failures or outages. They are a vital component in maintaining the continuity and

smooth operation of the institution's various functions.
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Table No.5.1: Diesel consumption for DG set

Jun-22 260 884
Jul-22 330 1,122
Aug-22 170 578
Sep-22 340 1,156
Oct-22 860 2,924
Nov-22 900 3,060
Dec-22 700 2,380
Jan-23 370 1,258
Feb-23 400 1,360
Mar-23 600 2,040
Apr-23 200 680
May-23 790 2,686
Total 5,920 20,128
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Graph No.5.1: Diesel consumption for DG set

The provided dataset outlines monthly electricity consumption, allowing an estimation of

diesel consumption for electricity generation through generators. Diesel generators are often

Shivaji University, Kolhapur
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employed to supply power when grid electricity is unavailable or insufficient, commonly seen in
remote locations or as backup systems. Variations in the amount of power required can be found by
analysing the monthly kWh usage. The months of June, July, and September in 2022 show high
electricity use figures that exceed 1000 kWh. These times probably indicate a greater need for
energy, which could be brought on by more operational activity, seasonal variations, or
meteorological factors.

The month of October 2022 is particularly noteworthy due to its significant increase in
electricity usage, which reaches 2,924 kWh. Such an increase in usage might be a sign of increased
business or academic activity, heavy equipment use, or special occasions requiring a larger power
source. The amount of electricity consumed in February, March, and April of 2023 is
comparatively low, averaging 400 kWh or less. These lower numbers could be the result of fewer
operational requirements. When estimating diesel consumption, the diesel generators' assumed
efficiency must be taken into account. Based on the calculations, an efficiency of 0.3 litres per kWh
is assumed. However, due to different generator loads, maintenance, or operational changes, actual
efficiency may vary. Monthly variations in diesel consumption rates are indicated by the derived
estimations. Higher estimated diesel consumption is correlated with months like October 2022 and
May 2023 that have higher electricity demand. On the other hand, reduced estimated diesel
consumption is associated with months like February, March, and April 2023 that have lower
electricity usage.

6. LPG Use in Laboratories & Support Services

The utilization of LPG (liquefied petroleum gas) in laboratories and support services is
integral to various operational aspects within an establishment. From powering heating equipment
in labs to catering to cooking needs in hostels, canteens, guest houses, and quarters, LPG plays a
pivotal role. This versatile fuel supports crucial functions such as sterilization, heating, and cooking
processes, ensuring the smooth operation of scientific experiments and daily facilities management.
Understanding the diverse uses and quantities of LPG across these sectors is essential for effective
planning, resource allocation, and ensuring a safe and efficient environment within the

establishment. Here's how LPG is commonly used in such settings:
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Table No.6.1 LPG Use in Laboratories & Support Services

S g
- Laboratories 1,092
- Ladies hostel 72 1,404
- Boys Hostel 80 1,560
- Canteen 1 96 1,872
- Canteen 2 55 1,072.50
- Canteen 3 48 936
- Canteen 4 40 780
- Canteen 5 48 936
- Guest House 30 585
- Quarters 82 1,164.40
- Total 607 11,401.90

Number of LPG Cylinder used per Annum
(kg/Annum)

M Laboratorie
s
H Ladies
5% ‘ hostel

M Boys Hostel

B Canteen 1

B Canteen 2

M Canteen 3

W Canteen 4

=
T

Graph No. 6.1: Number of LPG Cylinder used per Annum (kg/Annum)

The table presents a comprehensive breakdown of LPG (liquefied petroleum gas) usage
across diverse support services within a facility. It delineates the annual consumption in terms of

the number of cylinders and kilograms utilized in each sector. Laboratories, consuming 1,092
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kilograms through 56 cylinders annually, utilize LPG for heating equipment and essential
experimental processes. The hostel facilities, comprising ladies' and boys' hostels, collectively
consume 2,964 kilograms across 152 cylinders, potentially for cooking and heating purposes.
Moreover, the canteens, totaling five in number, collectively utilize 5,610.50 kilograms through
287 cylinders yearly, highlighting the significant demand for cooking activities. The guest house
and quarters consume 1,749.40 kilograms across 112 cylinders, likely catering to cooking and
occasional heating requirements. In total, the annual consumption across all support services
encompasses 607 cylinders, amounting to 11,401.90 kilograms of LPG. This comprehensive data
aids in understanding the diverse utilization patterns and underscores the substantial reliance on

LPG for cooking and heating necessities across the establishment's various operational sections.

7. Energy Generating By various Renewable sources

7.1 Use of Electrical cars in the university campus

The university has acquired two electric cars dedicated to internal transportation for
officers, faculty, staff, students, and visitors on campus. These vehicles require approximately 6
hours to charge their batteries, providing a range of approximately 30 to 40 kilometers once fully
charged. This initiative aims to conserve fuel and improve the campus environment by relying on

electric vehicles for convenient and sustainable transportation within the university premises.

Photo Plate No: 7.1. Electric car in University Campus
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Electric cars deployed within university campuses serve multifaceted purposes, aligning with
sustainability, practicality, and innovation.

1. Environmental Sustainability: The primary goal of introducing electric cars in university
campuses is to reduce carbon emissions. These vehicles run on electricity, which, when sourced
from renewable energy, significantly minimizes the campus's carbon footprint. It showcases the
institution's commitment to environmental conservation and sustainability, setting an example for
students, staff, and visitors.

2. Efficient Campus Mobility: Electric cars provide efficient transportation within larger
university campuses. They can be used for shuttle services, transport between different academic
buildings, or even for administrative purposes. This contributes to smoother mobility while
demonstrating a commitment to eco-friendly transportation solutions.

3. Promotion of Innovation: The presence of electric cars on campus promotes innovation and
technological advancement. It encourages research and development in electric vehicle technology,
charging infrastructure, and battery efficiency.

4. Community Engagement: These cars serve as conversation starters, raising awareness about
sustainable transportation among students, faculty, and visitors. Workshops, seminars, and
awareness campaigns related to electric vehicles and clean energy can be organized, fostering a
sense of environmental responsibility within the campus community.

5. Cost Efficiency: While the initial investment in electric vehicles might be higher, they often
have lower operational costs than traditional fossil fuel-powered cars. This long-term cost
efficiency could benefit the university's budget and sustainability goals.

In essence, electric cars on university campuses symbolize a commitment to sustainability,
enhance campus mobility, promote innovation, engage the community, and contribute to cost
efficiency all crucial elements in fostering a sustainable and forward-thinking academic

environment.
8. Solar Energy:

8.1 Solar Photovoltaic System
Solar energy, derived from the sun through technologies like solar panels or cells, is a
renewable and highly promising clean energy source. Its applications span electricity generation,

water heating, and lighting. Solar power is harnessed by converting sunlight into electricity using
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photovoltaic cells found in solar panels, a process known as the photovoltaic effect. As part of a
green initiative, Shivaji University, Kolhapur, has implemented a 100kW solar photovoltaic system
on the main administrative building's rooftop and an 80kW system on the Chemistry building's

rooftop.

a) Main Administrative Building 100kW:

Photo Plate No. 8.1. Administrative building has installed the solar panel

b) Chemistry Building 80kW:

Photo Plate No. 8.2. Chemistry department has installed the solar panel
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8.2 Solar Thermal Water Heating System:

Solar thermal water heating systems offer an environmentally friendly and energy-efficient
method for warming water, applicable across domestic, commercial, or industrial settings. These
systems employ solar collectors to harness solar energy, transferring it to a fluid coursing through
the setup to heat water. Comprising solar collectors, a storage tank, and a circulation system, these
systems typically feature flat panels or tubes installed on rooftops or frames on the ground. These
components absorb solar radiation and pass the gathered heat to a fluid, often water or a specialized
heat transfer liquid, circulated by a pump. This heated fluid moves through a heat exchanger,
transferring its warmth to the water in the storage tank. At Shivaji University, Kolhapur, a 5000-

liter thermosyphon-based hot water system has been installed in Boy’s Hostel No. 1.
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Photo Plate No. 8.3 Solar Thermal Water Heating System

9. Biogas Plant:

To manage the wet waste and biomass generated within the University Campus, Shivaji
University implemented a waste management solution: a Bio Gas Plant system. This included a 100
Kg capacity system at the Department of Technology and a 400 Kg capacity system at Vidyarthi
Bhavan Hostel. The 100 Kg plant, operational since May 2019, yields approximately 4Kg of bio
gas daily, utilized for cooking purposes in the university hostel mess. This initiative reflects Shivaji
University's commitment to adopting a Zero Waste management Policy by effectively utilizing bio

gas produced from on-site waste.
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Photo Plate No. 9.1: 100Kg feeding capacity Bio-gas Plant Installed at Department of
Technology
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Photo Plate No.9.3 Biogas plant Installation near Humanities Canteen

10. Transferring electricity to the grid:

In the academic year spanning June 2021 to May 2022, the solar photovoltaic system, with
a 100kW capacity on the main administrative building, produced 138,308 units of power.
Simultaneously, the 80kW system on the Chemistry building generated 97,277 units. Combined,
these systems, totalling 180 kW, supplied 235,585 units to MSEDCL. This significant contribution
led to savings amounting to INR 18, 23,426/- showcasing the positive impact of these solar

installations.
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11. Energy conservation through sensor technology:
Utilizing sensors for energy conservation in street lighting is an impactful technology aimed
at preserving energy. These lighting systems are engineered to minimize electricity usage by

activating only when necessary and shutting off in the absence of activity within the vicinity.

Plate No. 11.1 Energy conservation through sensor technology

12. Utilizing LED bulbs and energy-efficient devices:

LED bulbs, categorized under solid-state lighting, employ semiconductors to transform
electricity into light. Unlike conventional incandescent counterparts relying on filaments, LEDs
exhibit heightened energy efficiency and durability. These bulbs consume nearly 80% less energy
than incandescents and boast a lifespan potentially 25 times longer. Notably eco-friendly, LEDs
lack hazardous substances like mercury found in traditional fluorescent bulbs. Moreover, their
reduced heat emission diminishes the energy needed to cool a space compared to incandescent

bulbs.
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Plate No. 12.1 Utilizing LED bulbs and energy-efficient devices

13. Key words:

* In 2022-23, the residential sector consumed 5,062,680,000 units; the commercial sector
utilized 618,720,000 units, while the public sector accounted for 4,179,750,000 units of
energy consumption.

» This data has been compiled based on electricity bills.
* The university has decided to implement a policy replacing all street lamps with LED bulbs

and tube lights, aiming to decrease electricity consumption.
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* Older technology in computer and instrumentation labs could potentially result in higher
power consumption compared to newer systems.

* Equipment in these labs consumes more energy compared to office equipment and
fluorescent lamps.

* Various departments within the university, including Environmental Science, Energy
Technology, and Department of Technology, host energy conservation programs.

* This data is calculated based on the presence of meters specifically installed within each
department to monitor energy consumption.

* Additionally, the Petroleum Ministry's PCRA energy conservation initiative is conducted

specifically in the Department of Environmental Science and the Department of Energy

Technology.

* Implementing separate energy meters within each department across the campus would

provide precise monitoring and management of individual energy usage patterns, facilitating

targeted strategies for efficiency and sustainability.
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Photo Plate No.13.1 Electric Equipment in the Shivaji University Campus

Gas chromatography- Mass Inductively coupled plasma optical Atomic Absorption Spectrometer
spectrometer (GCMS) emission Spectroscope (ICPOES) (AAS)
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Gas Chromatography-double mass TGA-DTA-DSC Micro-Raman
spectroscopy (GC-MS/MS)

Particle Size Analyser With Zeta Potential X-ray diffractometer (XRD) Bio - Atomic Force Microscopy
(PSA-ZP) (Bio-AFM):
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Chapter IV
Summary and Conclusion
Summary:

An energy audit serves as a crucial tool for assessing the utilization of natural
resources and ensuring their responsible use. It involves the systematic examination and
evaluation of institutional practices to ascertain their eco-friendliness and sustainability. The
Department of Environmental Science at Shivaji University, Kolhapur conducted an Energy
Audit of the university during the 2022-23 academic years. The primary aim was to evaluate
the university's energy practices and generate a comprehensive report to gauge its alignment
with sustainable development goals. Following the audit process, several conclusions,
recommendations, and an Energy Management Plan (EMP) have been formulated for the
university. These suggestions aim to guide the institution toward a more environmentally
friendly campus and promote sustainable practices for the future.

Conclusion:

The Energy Audit findings highlight several areas for campus improvement:

1. Implementing solar panels across the campus can significantly augment electricity
generation and should be pursued wherever feasible.

2. Encouraging minimal use of LED lamps and Tube Lights is crucial for energy
conservation.

3. High energy consumption by laboratory equipment necessitates the replacement of
outdated machinery to address this issue effectively.

4. Substituting fluorescent tubes can notably mitigate electricity consumption concerns.

5. There exists an opportunity to utilize organic matter for either biogas generation or the
production of manure.

6. Deploying solar panels extensively across the campus can substantially bolster electricity
availability.

7. Implementing "No Vehicle Day" initiatives proves beneficial in fuel conservation and
contributes to a greener, cleaner campus environment. Embracing electric cars represents a
commendable step toward fuel preservation.

8. Without meters in every department, identifying energy consumption patterns becomes
challenging, leading to potential energy leaks; installing meters throughout is crucial for

accurate monitoring and reducing wastage.
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Recommendations:

Here are some key recommendations for enhancing the campus environment:

1. Develop an environmental policy document that encompasses all suggested improvements
and current university practices.

2. Establish internal procedures to ensure the university complies with environmental laws,
assigning responsibility for implementation.

3. Encourage the use of solar power for street light electrification.

4. Implement sensor-based electrical items like fans and lights to reduce electricity usage.

5. Install solar panels and rainwater harvesting systems on building terraces to conserve
natural resources.

6. Conduct regular inspections and maintenance of wiring and electricity meter systems by
the engineering department to prevent overuse and potential short circuits.

7. Implement energy conservation practices in science laboratories and support services that
consume significant amounts of energy.

8. Please provide the electricity side meters for all departments to analyze the energy

consumption rates of each department.
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Chapter V

Energy Management Plan (EMP):

Having comprehended the existing resource utilization dynamics and the ongoing

Energy Audit practices, the Department of Environmental Science has formulated an 'Energy

Management Plan' modified for Shivaji University, Kolhapur. This plan aims to identify the

institution's strengths and weaknesses, offering solutions to enhance the campus's Energy

Audit endeavors.

Additionally,

the EMP provides recommendations

prioritization of tasks for implementation.

Energy Management Plan

regarding the

Sector Strengths Weakness Suggestions Priority
* Implementation of | ¢ Limited utilization of * Implementing solar-
solar water heaters in | solar energy for powered street
both the Ladies and generating electricity. lighting.
Boys hostels for hot
water requirements. * Instances of * Deploying sensor-
unnecessary operation of | based systems for
* Deployment of solar | lights, fans, and fans, lights, and other
panels generating 180 | computers in unoccupied | electrical
KW of electricity, areas. applications.
contributing to the
grid. * Occasional wastage of | * Adopting solar
. electricity in classrooms | pumps for water
1. Electricity | . Utilization of LED | 46 ¢ oversight by staff | t0ks. ,
lamps positioned in Medium
and students. .
front of the * Employing energy-
university's main efficient equipment in
building. laboratories and
offices.
* Effective
implementation of * Installing solar
LED lighting and panels atop each
energy-efficient building to decrease
systems demonstrates reliance on traditional
the university energy sources.
commitment to
optimizing energy « Enhancing overall
usage. awareness among
staff and students
* Integration of CFLs about electricity
at specific locations conservation
across the campus. practices.
« Please provide the
* Construction of electricity side
buildings that meters for all
prioritize illumination
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and ventilation needs,
thereby minimizing
electricity
consumption.

* Reserved use of air
conditioners
exclusively for
essential purposes
within laboratory
settings.

* Execution of Energy
Conservation
programs in select
departments to
promote efficient
energy practices.

departments to
analyze the energy
consumption rates
of each
department.

* Implementing a 'No
Vehicle Day' every
first Saturday of the
month to conserve

* Hostels consume
significant amounts of
LPG fuel for their
kitchen operations.

* Offering a 'Bicycle
Rental' service for
students would be
advantageous.

2. Fuel fuel. * Implementing a Medium

biogas generation

* Employing electric plant could

vehicles for internal significantly aid hostel

transportation within kitchens.

the university campus. * Promoting general
awareness regarding
the efficient utilization
of fuel resources.
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Chapter I1I
3.1 Water and Wastewater Audit:

Water which is precious natural national resource available with fixed quantum. The
availability of water is decreasing due to increasing population of nation, as per capita
availability of utilizable water is going down. Due to ever rising standard of living of people,
industrialization, urbanization, demand of fresh water is increasing day by day. The unabated
discharge of industrial effluent in the available water bodies is reducing the quality of these
ample sources of water continuously. Hence, the national mission on water conservation was
declared by the then Prime Minister Hon. Narendra Modi as 'Jal Shakti Abhiyan' and appealed
to all citizens to collectively address the problem of water shortage, by conserving every drop

of water and suggested for conducting water audit for all sectors of water use.

Water audit can be defined as a qualitative and quantitative analysis of water
consumption to identify means of reducing, reusing and recycling of water. Water Audit is
nothing but an effective measure for minimizing losses, optimizing various uses and thus
enabling considerable conservation of water in irrigation sector, domestic, power and
industrial as well. A water audit is a technique or method which makes possible to identify
ways of conserving water by determining any inefficiencies in the system of water
distribution. The measurement of water losses due to different uses in the system or any

utility is essential to implement water conservation measures in such an establishment.

3.1.2 Importance of Water Audit:

It is observed that a number of factors like climate, culture, food habits, work and
working conditions, level and type of development, and physiology determine the
requirement of water. The community which has a population between 20,000 to 1,00,000
requires 100 to 150 liters per person (capita) per day. The communities with a population can
consume over 1,00,000 requires 150 to 200 liters person (capita) per day. As per the National
Building Code 2016, BIS Educational institutions 25 liters of water required for Domestic
use. Total Consumption per head /day is 45 liters while with boarding facilities required 135
liters per head/day. Administration requires (Staff accommodation not included) 50 liters per
person per day, Staff accommodation requires 30 liters per person per day and for sanitation

purposes it depends on technology.
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3.2 Water Audit:

Water usage can be defined as water used for all activities which are carried out on
campus from different water sources. This includes usage in all residential halls, academic
buildings, on campus and on grounds. Wastewater is referred as the water which is
transported off the campus. The wastewater includes sewerage, residence, hall waters used in
cooking, showering, clothes washing as well as wastewater from chemical and biological
laboratories which ultimately going down in sink or drainage system. Estimation of water
requirement for drinking and domestic use has been done by NBC2016, BIS.

Water Audit Process

Audit observations

Measurement
‘ Calculations ‘
‘ Discussion ‘

Planning and Process
Finalization

| Report J

I Implementation

Eeruing in on conservation
steps that can be taken
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3.3

Water consumption in University:

For water audit purpose, The data regarding water storages at various sites has been

collected from Civil Engineering section of Shivaji University, from the data collected for

water audit of Shivaji University, Kolhapur for 2022-23 the water distribution and water

consumption pattern is noticed as follows. The University departments are separated in

different groups as given in the methodology such as Building Block A, Building Block B ,
Building Block C and Building Block D. The details of the Blocks are as follows:

Table No. 2.1 Details of each block including the various departments

Administrative and Facilities Building Block A
Science and Technology Building Block B
Commerce, Humanities and Social Sciences Building Block C
Support Services Building Block D

3.3.1 The water consumption at Building Block A:

Table No. 3.1: Total water consumption in Building Block A.

Sr. Name of the Underground Overhead Population | Consumption | Consumption
No. Department tank capacity tank (Kl) (KI/Day) (Kl/Year)
(KD
1 | Administrative 64 18 530 13.25 3180
Building
2 | Distance 05 02 424 10.6 2544
Education
Building
3 | Exam Section 45 29 325 8.125 1950
Total 114 49 1279 31.975 7674
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Graph No. 3.1 Total yearly water consumption at Building Block A

It is revealed from the data given in Table No. 3.1 and Graph No. 3.1 that total 31.975
Kl of water is used daily and 7674 Kl yearly. In the Building Block A total three departments
are involved which use water for drinking and domestic use. From above data it is observed
that the water availability of Administrative Building is 19680 Kl / year and water
consumption is 3180 Kl/year respectively. In case of Distance Education available water
yearly is 2400 Kl while consumption is 2544 KI per year. Water consumption of Exam
section is 1950 Kl/year and water availability is found to be 17760 K1/ year. From above
graph it is observed that water availability for Administrative and Exam section are sufficient
as in both departments water is remaining after consumption. It is 16500 Kl and 15810 KI per
year respectively. Both Departments have proper water balance. While for Distance

Education additional 144 K1 water is require yearly to full fill the water requirement.
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3.2.2. Water consumption at Building Block B:

Table No. 3.2 Total water Consumption in Building Block B.

Sr. No. Name of the | Underground | Overhead | Population | Consumption | Consumptio
Building tank capacity | tank (KI) (KI/Day) n
(KD (Kl/Year)
L | Clhomiy 16 65 420 18.9 4536
2 | Zoology 1 16 154 6.93 16632
o | etz 21 15 130 5.85 1404
4 | Physics 35 5 160 4 960
5| Elesiomes 0 8 99 4.45 1069.2
6 | Mathematics 6 45 220 5.55 1332
7| slaisies 14 7 161 4.02 966
8 Environment 11 57.5 300 13.50 3240
9 Geography 0 5 151 3.77 906
10 D.O.T 26 18 1426 36.90 8856
11 Nano
Technology 0 10 250 11.25 2700
12 USIC 0 8 30 0.75 180
13 CFC 0 5 40 01 240
Total 140 224 3543 116 28052

Graph No. 3.2 Total water consumption at Building Block B yearly
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It is shown from the data given in table no. 3.2 and Graph No. 3.2 that total 116 KI
water is used daily in Building Block B and 28052 Kl yearly. From above data it is observed
that total 13 departmental buildings are involved which use water for domestic use daily and
yearly. The water availability of Chemistry Building, Environmental Science and Department
of Technology are more. It is 19440 KI, 16440 Kl and 10560 Kl / year and water
consumption is 4536 Kl, 3240 Kl and 8856 Kl/year respectively as per the population. Also
these departments 14904 KI, 13200 KI and 1704 Kl water left over yearly after consumption.
Other departments such as Zoology, Botany, Physics, Electronics, Mathamatics, Statistics,
Geography, USIC and CFC shows proper water balance between availability and
consumption as per their population. But in case of Nano technology available water yearly
is 2400 KI while consumption is 2700 K1 per year. It indicates that Nano technology required

additional 300 K1 water yearly to full fill the water requirement

3.2.3 Water consumption at Building Block C.

Table No. 3.3: Sector wise use of water in Building Block C.

Sr. Name of the Undergrou Overhead Population | Consumption | Consumption
No. Department nd tank tank (KI) (KIl/Day) (Kl/Year)
capacity
(K
1 | Language 14 19 311 8 1866
Department
2 | Ambedkar Center 2 2 119 2.975 714
3 Sport department 0 2 93 2.325 558
4 Humanities 5 8 40 1 240
5 Mass 10 10 72 2.16 97.2
Comunication
6 Chh.Shahu 15 16 50 1.25 300
Musium
7 Education 0 3 109 2.725 654
Department
8 | History 0 6 144 3.6 864
Department
9 | Music Department 4 2.8 117 2.925 702
Total 50 68.8 1055 27 5995.2
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Water Consumption in Building Block C in Klyear
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Graph No. 3.3 Total water consumption at Building Block C.

It is revealed from the data given in table no. 3.3 and Graph No. 3.3 shows that total
27 Kl water is used daily and 5995.2 Kl yearly. The Building Block C total nine departments
are involved which use water for drinking and domestic purpose for daily and also calculated
yearly. From above data, it is observed that the maximum water availability are for language
Depatment and Chh.Shahu Musium. In both departments total 6054 Kl and 7140 K1 water left
behind after use of available water. Other departments such as Ambedkar Center, Humanities,
mass Comunication, Education department ,History department and Music department shows
proper water balance between availability and consumption as per their population. But in
case of Sport department having available water is 480 Kl /year while consumption is 558 Kl
per year. It indicates that Nano technology required additional 78 Kl water yearly to full fill

the water requirement

Shivaji University, Kolhapur.
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3.2.4 Water consumption at Building Block D:

Table No. 3.4 Sector wise use of water in Building Block D.

Sr. Name of the | Underground Overhead Populatio | Consumptio | Consumptio
No. Department tank capacity tank (KI) n n n
(K1) (KI/Day) (Kl/Year)
1 | Boys Hostel 182 61 560 75.6 18144
2 | Girl Hostel 113 110 1300 175.5 42120
3 | Boys Hostel 27 20 260 35.1 8424
DOT
4 | Girl Hostel 64 15 270 36.4 8736
DOT
5 | Health Center 0 4 30 0.75 180
6 | Quarters 0 60 320 43.2 10368
7 | Canteen 10 5 200 9 2160
8 | Guest Haouse 7.5 12 50 6.75 1620
9 | Library 64 32 3713 92.825 22278
Total 467.5 319 6703 475.125 114030

Graph No. 3.4 Total water consumption by Building Block D
It is shown from the data given in table No. 3.4 and Graph No. 3.4 that total 475.12 Kl
water is used daily in Building Block D and 114030 KI yearly. In Building Block D total 9

departmental data is collected including Boys Hostel, Girls Hostel, DOT Boys Hostel, DOT

Shivaji University, Kolhapur.
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Girl Hostel, Health Centre, Quarters, Canteen, Guest House and Library. In Building Block D
water is consumed for both drinking and domestic purpose daily. From above data it is
observed that after water consumption remaining water left over from available water is more
for Boys Hostel, Girl Hostel and Girls Hostel of DOT are 40176KI, 11400 KI and 10224K1
respectively. In case of other department mainly Boys hostel of DOT, Health centre ,
Quarters, Canteen, Guest House and Library the water balance after utilization are 2856KI,
780Kl1, 4032 Kl, 1440Kl, 3060 Kl and 762KI respectively. It is observed that water
consumption in Boys Hostel and Health centre is less as compare to other sectors.

3.2.5 Yearly water consumption at Shivaji University by all sectors:

Table No. 3.5: Water consumption at Shivaji University Kolhapur

Sr. No. Name of the Consumption Consumption
Department (Kl/Day) (Kl/Year)
1 Building Block A 31.97 7674
2 Building Block B 116 28052
3 Building Block C 27 5995
4 Building Block D 475.12 114030
5 R.O water 16 3840
Consumption
6 Garden 300 72000
Total 966.09 231591

Water Consumption of Shivaji University /Year

& Building Block A
E Building Block B
b Building Block C
o Building Block O
RO water Consumption

ul Garden

Graph No. 3.5 Average yearly water consumption at Shivaji University, Kolhapur.
Shivaji University, Kolhapur.
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Graph No. 3.5 shows the total percent of water consumed by all the Building Block of
Shivaji University, Kolhapur. The graph shows Major water consumption in Building Block
D comprising 49%. While after Building Block D Garden shows 31% water consumption.
Building Block B come to the third number for water consumption .Yearly water
consumption of this block is 12%. In case of Building Block A and C shows equal water
consumption it was 3%. Drinking water coming from R.O plant shows very less i.e. 2 % of

water consumption. .

3.3 Sustainable Water Practices (SWP):
3.3.1 Watershed management practices at Shivaji university campus.

Shivaji University, Kolhapur has become a front runner in water conservation and
management of water available on the campus. Now university is self reliant through
decentralized water conservation and management practices such as Desedimentation and
rejuvenation of wells, Farm pond, Continuous contour trenches, Mini irrigation tank, Roof
top rain water harvesting, Water filtration plant, Drip irrigation and sprinkler irrigation,
Reverse osmosis plant. University has waste water management practices also like
Wastewater treatment plant and Phytoremediation treatment plant for Wastewater.

3.4 Key features:
e The average calculation revealed that the highest water consumption occers in

Building Block D after that for Garden purpose

e Many departments equipped with Auto meters which helps to avoid loss of water
during filling of tank and discharging of water.

e Watershed management practices at Shivaji university campus helps to water become
restored and all lakes and reservoirs get overflowing.

e University has 17MLD Reverse Osmosis plant (RO plant) in the campus which
supplies water in sterile cans for whole University.

e Due to Watershed management practices and water purification process water
purchasing from KMC is totally stopped.

e Rain water harvesting process helps in ground water recharging process.

e University has planned to make rain water harvesting for additional storage of water near

Music Department

e For waste water management University prepared proposal for 5000 LTD Bio digester.

Shivaji University, Kolhapur.
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3.3.2 1. Extension process for water conservation near Music Department
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4. Mini Water Treatment Plant (WTP)

5. University water tank having capacity 3, 00,000 litres

6. Installation of Fountain on Music Department Lake

Shivaji University, Kolhapur.
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7. Reverse osmosis plant:

Shivaji University, Kolhapur.
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3.4 Ambient Air Quality Status of Shivaji University

With the objective of obtaining a spatial and temporal variation of ambient air
concentrations for a wide variety of pollutants that are regarded as significant for developing
strategic management plans, the Central Pollution Control Board, New Delhi, launched the
National Ambient Air Quality Monitoring (NAAQM) programme in 1984. NAMP (National
Air Quality Monitoring Programme) is the new name for the programme. Sulphur dioxide
(S0O,), nitrogen dioxide (NO,), and repairable suspended particulate matter (RSPM) have
been recognized as three air pollutants under NAMP for routine monitoring at three locations.
According to the CPCB monitoring procedure, monitoring of pollutants has been done for 24
hours (4-hourly sampling for gaseous pollutants and 8-hourly sampling for particulate
matter).

The Department of Environmental Science at Shivaji University in Kolhapur has one
Repairable Dust Sampler (RDS) machine placed at the top of the building that monitors
changes in ambient air quality over the course of a day. Under the National Air Monitoring
Programme (NAMP), which is funded by the Maharashtra Pollution Control Board, Mumbai,
the Department regularly monitors air quality. Ambient air quality in the Shivaji University is
given in the Table no. 6.1 and Graph No. 6.1.

Also department have air quality monitoring handheld sensor. In this handheld sensor
HCHO, TVOC, Temp, Humidity, PM;, PM; s and PM,, are monitored. This sensor are useful
to monitor outdoor and indoor air quality.

One of the most common and significant indoor pollutants is formaldehyde (HCHO).
It can be directly discharged from items such as personal care products, building and
furnishing supplies, cleaning and disinfection solutions, and materials for arts and crafts.
Combustion activities including cooking, smoking, heating, and lighting candles or incense
are examples of indoor sources. Nonetheless, building materials and consumer goods that
release formaldehyde seem to be the main suppliers in non-smoking areas. This is true for
new products and materials, but it can also linger for several months, especially in situations
where there is a lot of indoor heat and humidity.

Accordingly, both staff and students are exposed to volatile toxic compounds in
indoor air, either directly or indirectly, because in campus multiple teaching and research
laboratories where a variety of experiments have been conducted and numerous toxic and
volatile chemicals have been used during these experiments. It is crucial to determine the

concentration of these substances within the building.

Shivaji University, Kolhapur.
]
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The respiratory metabolism of occupants, cooking, cleaning products, personal care
items, and volatile gases from building materials are some of the indoor sources of volatile
organic compounds (VOCs). These sources' VOC emissions are contingent on a number of
variables. For example, while higher humidity produces larger values of the emission factor,
higher temperatures increase the initial acetaldehyde emissions and expedite the later
emissions' reduction.

Table No. 3.4.1. Ambient air quality status in Shivaji University, Kolhapur.
All values in pg/m®

Months SO, 24 hrs Std NO, 24 hrs Std PM; 24 hrs Std
January 8.73 80 16.68 80 53.63 100
February 9.38 80 16.97 80 60.33 100
March 8.84 80 16.98 80 55.63 100
April 9.34 80 17.38 80 54.32 100
May 10.73 80 16.57 80 50.43 100
June 7.89 80 14.17 80 46.57 100
July 6.47 80 10.71 80 37.50 100
August 7.56 80 12.82 80 42.86 100
September 8.33 80 13.41 80 45.34 100
October 6.96 80 12.26 80 43.79 100
November 9.46 80 14.14 80 46.30 100
December 10.73 80 15.38 80 50.15 100

e National Ambient Air Quality Standards 2009

Shivaji University, Kolhapur.
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Graph No.3.4.1 Monthly SO; concentration in Shivaji University, Kolhapur.

SO, concentration in Shivaji University campus is below the NAAQS i. e. 80pg/m3.
In month of May and December 2022 SO, concentration is maximum. In month of July SO,

concentration is minimum due to rainy season.
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Graph No. 3.4.2 Monthly NO; concentration in Shivaji University, Kolhapur.

NO, concentration in Shivaji University campus is below the NAAQS i. e. 80pg/m”.

In month of April, 2022 NO, concentration is maximum. In month of July NO, concentration

is minimum due to rainy season.
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Graph No. 3.4.3 Monthly PM; concentration in Shivaji University, Kolhapur.

PMp concentration in Shivaji University campus is below the NAAQS i. e.
100pg/m3. In month of February 2022 PMj, concentration is maximum. In month of July

PM; concentration is minimum due to rainy season.
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Graph No. 3.4..4 Daily PM; concentration in Shivaji University, Kolhapur.

Using handheld sensor monitor PM;y concentration in various locations of Shivaji
University. Graph No 6.4 Shows Main gate of Shivaji University observed higher
concentration of PMjyp and School of Nano Science and Technology observed lowest

concentration of PM;.
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Graph No. 3.4.5 Daily PM,; 5 concentration in Shivaji University, Kolhapur.

In Shivaji University campus monitored PM;,s concentration in various locations.

Graph No.6.5 shows in main gate observed higher concentration of PM;51. e 85 pg/m3 and

School of Nano science and Technology observed lowest concentration of PM,s i.e.

57ug/m’.
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Graph No. 3.4.6 Daily HCHO concentration in Shivaji University, Kolhapur.

In Shivaji University campus monitored HCHO concentration in various locations.

Graph No.6.6 shows in Health center observed higher concentration of HCHO 1. e 0.131

mg/m’ and Press observed lowest concentration of HCHO i.e. 0.052mg/m’.
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Graph No. 3.4.7 TVOC concentration in Shivaji University, Kolhapur.

In Shivaji University campus monitored HCHO concentration in various locations. Graph
No.6.7 shows in Health center observed higher concentration of TVOC i. e. 0.562 mg/m’ and
Press observed lowest concentration of TVOC i. e. 0.227mg/m".

According to ambient air quality data from Shivaji University in Kolhapur for the year
2022, every measure was below the NAAQS. The Central Pollution Control Board in New
Delhi has established standards for the analysis and monitoring of air quality indices. The
majority of the campus's sources for absorbing CO, and releasing adequate fresh oxygen are
the trees. The outcome demonstrates that, in comparison to other areas, the air quality on the
Shivaji University Campus is good. The campus of Shivaji University is known to be a green
campus. Compared to other ambient air pollution centers situated in various regions of the
city, the university campus recorded the least amount of air pollution. The usage of diesel and
petrol vehicles, power generators, kitchen garbage, and other biodegradable waste from the
cafeteria and other sources, as well as observations and statistics, have shown that these are

the only possible sources of pollution on the university campus.

Recommendations

1. Use of clean energy instead of diesel generators.
2. University Campus should display the rule & poster the slogan in the campus for
protecting the environment.

Shivaji University, Kolhapur.
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3.5 Ambient Noise levels

Noise comes from a variety of sources and is typically thought of as a stressor in the
environment. Serious physiological, psychological, and social repercussions can arise from
noise irritation. These comprise destabilizing emotions, stress responses coupled with sleep
disturbances, hormonal shifts, elevated blood pressure and myocardial infarction risk, and a
general decline in wellbeing and quality of life. Sound intensity, frequency, spectrum, and
source are examples of acoustic characteristics that might contribute to noise irritation. It is
acknowledged, therefore, that non-acoustic elements such as social and personal aspects that
influence an individual's perception of and disposition towards noise also contribute to
feelings of discomfort. Shivaji University is located in the Kolhapur city. The major source of
noise in university is automobile noise. At the main gate of the Campus, human
communication and transportation are producing Noise. Ambient noise monitoring was
carried out in different areas of Shivaji University campus like at University campus entry,
administration building, and various department. The sampling was carried out using
calibrated Sound Level Meter (CASELLA CEL-62X) by logarithmic scale in decibels (dB).
The noise readings were collected on the University campus and calculated. The details of

noise status in University campuses are given in the below table.

Table No. 3.5.1. Ambient Noise levels in Shivaji University, Kolhapur.

All values in Leq (dB)
Sr. No Location Name II;;(; i:in]?z Leq Max | Leq Min l\i;:: ;)tiliy
1 Dept. of Env. Science 56.9 71.5 43.4 50
2 Dept. of Chemistry 61.5 78.0 49.7 50
3 Dept. of Physics 63.0 81.2 46.7 50
4 Dept. of Mathematics 55.8 73.0 41.9 50
5 Dep.t of Geography 534 67.6 47.6 50
6 Humanity Building 55.7 77.3 47.3 50
7 Dept. of Technology 53.6 58.9 46.1 50
8 Dept. of Nano Science 62.9 79.9 54.3 50
9 Dept. of Education 58.1 64.1 52.7 50

Shivaji University, Kolhapur.
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10 Dept. of Music 54.6 69.3 45.0 50
11 Dept. of Law 60.3 84.6 43.9 50
12 Main Building 57.8 68.2 50.8 50
13 Library 57.1 75.1 48.2 50
14 MBA Canteen 63.0 72.1 52.0 50
15 Main Canteen 61.1 72.4 49.0 50
16 Exam Building No. 1 59.2 73.0 46.4 50
17 Press (Machine Dep.) 58.6 73.0 46.4 50
18 Press (Sieving Dep.) 59.6 74.3 54.2 50
19 Ladies Hostel 61.9 75.8 48.4 50
20 Boys Hostel 54.8 71.1 43.1 50
21 Main Gate 72.7 89.1 61.8 50
22 Gate No. 2 68.2 79.1 59.2 50
23 CSIBER Gate 75.6 95.7 58.6 50
24 Gate No. 8 71.6 86.5 58.1 50
25 Consumer Store 53.2 67.7 42.4 50
26 Health Centre 59.6 78.1 43.6 50
Note:

e All parameters expressed in dB (A) Leq.

e Monitoring is carried out during the daytime.

Shivaji University, Kolhapur.
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\mbient Noise Levels in Shivan University, Kolhapur
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Graph No. 3.5.1 Ambient Noise levels in Shivaji University, Kolhapur.

In Shivaji university campus monitored noise levels in various locations. CSIBER gate is
observed higher noise levels i.e. 75.6 dB (A) and lowest noise levels monitored in consumer

store i.e. 53.2 dB (A).

Recommendations
e University Campus should follow the Environmental laws for different aspects of

Environmental management.

e University Campus should display the rule & poster the slogan in the campus for protecting

the Environment.

Shivaji University, Kolhapur.
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Chapter V

Environment Management Plan (EMP):

By understanding the dynamics of present situation of resource utilization and current

practices of waste disposal, the Department of Environmental Science has prepared an

‘Environment Management Plan’ for the University. This plan will reveal the strengths and

weaknesses and suggests remedies to develop green and clean campus. The EMP also gives

suggestion for the priority of work to carry out.

Environment Management Plan 2022-23

soil.
Wastage of large
amount of good

the process of
water distillation
should be done.

Water
Sector Strengths Weakness Suggestions Priority
e WTP on campus to
filter water. e Overflowing of
e Maximum water tanks at many e Installation of
self-sufficiency by | places water guards or
watershed e Excess use of sensors at
management water for overhead water
through Shiv domestic tanks to avoid
JalashayYojana on | activities. overflowing
1. Water the campus  Fitting of old losses. Med:
utilization e Roof top rain taps in e Proper and cdium
water harvesting at | bathrooms and timely
some departments toilets wastes maintenance of
Shivjal i.e. RO water | water. plumbing.
system provides pure | ¢ eqka ges not Installation of .rain
water to all university . water harvesting
departments, r.epalred on assembly at every
administrative time. department.
buildings, hostels,
guest house, etc.
e Laboratory e Installation of
effluent and CETP to treat
o Sewage Treatment other laboratory waste
wastewater from all
Plant on campus drain off departments ‘
2. Wastewater | Phytorid installation . High
at Department of untreated apd 1t | o Reuse of
Technology percolates into wastewater from

Shivaji University, Kolhapur.
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quality.

quality water by Common
distilled water distillation plant
plants at various should be
science installed.
departments.
Air
Sector Strengths Weakness Suggestions Priority
Th .
© . e The precautions
construction .
. like water
activities and sprinkling or use
¢ University has burning of p &
of enclosures
. ample amount of waste on the
1. Air and . . should be made
. green cover for University low
Noise N to reduce the
maintaining fresh campus are .
. particulate matter
atmosphere. adding . .
o in air during
contamination .
: i construction
of ambient air .
activity.
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	After collection of secondary data, the reviews related to each environmental factor were taken by the energy audit team. The data was tabulated, analyzed and graphs were prepared using computer. Depending upon the observations and data collected, int...

