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Preface

A Green Audit is the first step to reducing a building’s water, waste, energy and carbon
footprint and environmental impact. The analysis of consumption of water and energy
as well as generation of waste, is used to provide recommendations on solutions such as
rainwater harvesting, water and waste management, energy management including
addition of renewable energy. The objective of the green audit is to transform to be self-

reliant and self-sustainable in water and energy and create a zero-waste campus.

In the long run, such a building will have greatly reduced its operating costs, carbon
footprint and impact on the city’s infrastructure. Upcoming and future regulations for
buildings will require to follow green norms and energy efficient measures including the
Energy Conservation Building Code (ECBC). Hence, Green Audits will help buildings to

achieve the norms.

The methodology of the Green Audit involves evaluation of the water, energy and waste
consumption in the building or premises through online surveys, walk-through and
detailed audit (where required). The results are analysed against existing Indian and

international benchmarks and standards.

An Environmental Management Plan is prepared as an outcome of the Audit based on
detailed analysis of data collected. This has a potential to reduce consumption of
resources through use of appropriate technologies, design and planning without affecting
the process or quality of an Institute’s functioning. The investment and pay back
calculations are provided such that the plan can be implemented in whole or phases as

desired.

The benefits of conducting green audit is a better understanding of the building systems,
along with recommendations for improvement with a goal of self-reliance in resources

and reduce load on public infrastructure.

Through the audit report, our endeavour is to provide cost-effective and long-term
solutions in a continuous process of conservation of resources. The data collected over a
period of a month has been presented through appropriate visual representations for

easy understanding of the technical information. Glossary, abbreviations, units of
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measurements and references are provided for those who are further interested. Any a

suggestions or edits in the report are welcome and can be sent to 0

roshniudyavar@gmail.com 0

This Green Audit Report is meant for academic and research purpose only. For legal

issues separate study is required, and hence the results of this report cannot be used as O

Q

evidence for any legal case within India or abroad.
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Executive Summary 2018-19

The Hindi Vidya Prachar Samiti’s Ramniranjan Jhunjhunwala College of Arts,
Science & Commerce (R.]. College of Arts, Science & Commerce) premises has an annual
energy consumption of 3,34,743 kWh as per metered electricity bill (June 2018 - May
2019). The main areas of electricity consumption are Lighting, Fans, Air Conditioning and
Equipment. Of this, Equipment load is the highest at 34% (91,404.00 kWh) followed by
Lighting load at 34% (89,463.84 kWh), AC at 19%, (51,644.00 kWh), and Fans at 13%
(34,840.80 kWh). Only 10% of the College space is air-conditioned. The building is mostly
naturally ventilated with minimal conditioned spaces. The building also has a 10 KWp
Solar PV system installed on its terrace which can generate an estimated output of 14.6

Mwh or 7%. Currently this is not being metered by the Utility - Adani.

The Energy Performance Index (EPI) of the building is 40.48 kWh/sq. m/ year
which is well below the Bureau of Energy Efficiency (BEE), Govt. of India’s national
benchmark of 150 kWh/ sq. m/ year for institutional buildings in warm-humid climate.
The BEE’s benchmark for nearly zero energy buildings is 15.00 kWh/sq. m/ year which

is achievable by energy-efficiency measures.

69 % of spaces within the college comply with the maximum allowable Lighting Power
Density (LPD) as per the Space Function method of ECBC 2017. However, the lighting

levels meet the NBC standard in most of the spaces.

The water bill shows that the average monthly consumption is around 2964 KLD which
comes to about 395 KLD per day which is around 37% less than the standards prescribed
by the NBC.

The organic waste generated by the college can be composted in the on-site organic
waste facility created by them, which can be used as organic fertiliser for gardening. E-
waste and Multi-layer plastic (MLP), recycling facility has been provided for collection
and an incentive-based credit system has been generated for awareness among the

students and faculty.

The college is adjacent to a major suburban Railway station (Ghatkopar) and like most

station areas it is highly congested with noise and air pollution issues. However, the
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college has made an effort by planting trees in the front open spaces within and outside

the college along the compound wall.

g Ogag.a

A summary of the key recommendations from the green audit are provided in the Table

] 1 here along with savings, cost and simple payback period.

. Key Recommendations for Green Campus at Jhunjhunwala

3 College
8 Recommended Measure Potential  Potential Estimated  Simple
Savings Financial Investment  Pay

peryear  Savings (Rs) Back

- | Period
(kWh/ Per year od
] Litres) (Rs) (months)
3 Energy
]

Replacement of T8 (40W) Fluorescent
) Tube Lights (FTLs) along with

] L L e B LU LR 49,222.08  6,39,887.04/- 3,13,605/- 6months
Tube Lights having lumen output of

] 1800 (efficacy = 100 Lumens per Watt)

| Replacement of T8 (40W) Fluorescent
o Tube Lights (FTLs)and LED lights with
] sensor based dimmable lights in 1976.56 25695.28/- 24750/~ 1year

passages

Optimization of outdoor lights 000 1 year 2
(] operation based on Astronomical timer ,000/- months

Replacement of regular fans with BEE
5 years

star rated fans and Brushless Direct 1489824 193677.12/- 994520/- and 2
] Current (BLDC) fans months

- Total ; :

Water

Wash basin faucet to water saving »
[ aerators 50%

Renewable Energy

8 : T
Net me-termg to be arranged with Utility NA NA
] - Adani

Table 1: Key Recommendations for improving environment at Jhunjhunwala College

ol N e e RS Y 2

]
]

NA NA
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1. Introduction

Hindi Vidya Prachar Samiti’s Ramniranjan Jhunjhunwala College came into existence in
1963, enabling a larger section of the society to take advantage of the facilities provided
for higher education. From 1999-2000 the College has added a number of self-financing
courses like BMS, B.B.], B.Sc. in C.S,, I.T., Biotechnology, M.Sc. in Computer Science and
Biotechnology which further hone the special skills of the students. In 2014 they started
skill-based program supported by University Grants commission known as Bachelor in
Vocation.

The college has been reaccredited with ‘A’ Grade by NAAC in 2014 with a CGPA 3.50 and
received the Best College Award (2007-2008) of the University of Mumbai. The College
has been bestowed with IMC RAMKRISHNA BAJA] PERFORMANCE EXCELLENCE
TROPHY, 2010. The principal of the college was awarded “Best Teacher” by
Government of Maharashtra in 2011. Government of Maharashtra conferred the college
with “JAAGAR JAANIVANCHA” (First in Mumbai Suburban- in 2013 and second in
Mumbai Suburban- in 2014) for safety of girls.

The College has been granted Autonomous Status by University Grants Commission
(UGC) for a period of Ten Years w.e.f. 2018-2019 to 2027-2028. However, the college will

remain affiliated to University of Mumbai with an autonomous status.

The College has been awarded Certificate of Responsible Recycling by E-Incarnation
Recycling Private Limited (for E-waste Management) and Safai Bank of India by the
Kulkarni Foundation (for Multi-layer plastic Management (MLP)) for proactively
contributing to the waste management. They have devised a module in which students
are given credits for the amount and size of MLP they collected. They also have compost

pit for leaf and canteen waste (Wet waste).

The college has also QR code all the trees on the campus, to create awareness about the

types of trees and their benefits amongst the students and the visitors.

Roshni Udyavar & Associates, September 2021
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j" 1.1 Objectives of the Green Audit

- The objective of the green audit are as follows

™ ¢ (Quantify energy, water and waste consumption;

e Identify energy saving opportunities resulting in lowered energy bills, less use of
fossil fuel-based energy and lower carbon footprint;

e Identify wastages in use - and devising solutions such as smart / automated
equipment to reduce consumption;

¢ Introduction of renewable energy to reduce operational energy cost (if required)

] e Introducing measures to reduce water consumption and optimise rain water
= harvesting potentials.

. e Suggesting measures to waste management.

} 1.2 Scope of Work

Energy:

] e Overview of existing facilities and electric appliances (lights, fans, heater, air

conditioner etc.), operating system like electrical distribution system, metering

system, tariff, electricity and Power consumption etc. by use of appropriate

instrumentation.

] e Establishing a baseline of energy consumption and identify major causes of low

] operating efficiency and recommended improvements / better operating

] practices.

] e Summary of findings and recommendations and energy conservation measures
(ECMs)

e Assessment of Building Envelope energy efficiency and possible retrofit solutions

e Estimation of the costs associated with the implementation of each of the
proposed energy conservation measure (ECMs).

0] ¢ Quantifying the extent of energy savings / performance improvement that can be

) achieved by upgrading and/or replacing the existing electrical appliance with the

y best efficiency electrical appliance available in the market and other energy

efficiency / conservation measures based on the analysis of the measurements.

e Scope of renewable energy applications

Y RIS S A e i e el

J
]
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Water:

e Data collection on water usage, storage capacity, daily consumption patterns,
infrastructure and equipment.

e Data analysis to provide scope of improvement in water usage.

e Solutions for rainwater harvesting - storage or ground water recharge

e Possibility of waste water (black or grey water recycling)

Solid Waste:

e Survey of waste in the premises - categorization and quantification

e Analysis and research on possible methods of waste disposal and treatment (of

organic waste)

e Solutions for recycling - E-waste and recyclables

Environmental Quality:

e Assessment of IEQ - Visual, Thermal and Acoustic comfort, IAQ (Ventilation)
e Survey of noise and vegetation in the premises - levels and extent
e Analysis and possible solutions to reduce the noise levels and enhance the

greenery and biodiversity within the campus

1.3 Understanding of the Audited Area

The total built up area of 89,018 sq. ft. (8270 sq. m), is considered for the audit, was
evaluated on the basis of existing drawings, information as well as on-site measurements
as this forms the basis of assessment of the energy, water and waste consumption with

respect to existing benchmarks.

The campus basically includes 2 buildings namely the school building and College

building having Ground to sixth floors. The audit was conducted for college building only.

Categorization of the spaces as administrative spaces (offices, staff rooms, etc.), common

spaces (Toilets, storage, common classrooms, library, etc.), circulation spaces (staircase,

3
el
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| corridors) and conditioned vs. non-conditioned spaces (classrooms and computer labs)

] was then carried out.

* The analysis shows that 26% of the total built up area of the college are for common
passage. The college building has classrooms for Junior and Senior Degree college,

] computer labs, admin offices, staff rooms, conference rooms, auditorium, library,

y common passages, staircase, lift etc.
] The description of facilities and activities on each floor are given in Table 2 :
1 Ground Floor Chemistry labs, Gymnasium, Canteen, Seminar Hall
] Toilets
] 2 First Floor Accounts office, Principal’s cabin, Conference room,
Girls common room, Classrooms, Biology labs, Toilets
1 3 Second Floor Classrooms, Staffroom, Physics labs, Toilets
' 4 Third Floor Computer lab, Library, Classroom, Biotechnology lab,
'~ Toilets
: 5 Fourth Floor Staff room, Class room, Maths's lab, Toilets
‘ 6 Fifth Floor Statistics lab, Classrooms, Staff room, Toilets,
1 computer lab
o 7 Sixth Floor Classrooms, Staff room

Table 2: Floor wise facility distribution in the college

A Some sample photographs taken during the audit showing different spaces and

equipment are provided in the following pages.

Plate 1 : Fourth floor classroom Plate 2 : Library
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Plate 3 : Biotechnology lab

Plate 4 :Staffroom

Plate 5 : Chemistry lab

Plate 6 :Office area

Roshni Udyavar & Associates, September 2021
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Plate 7 :Staircase mid landing and flight

Plate 9:Drinking water cooler in

corridor corner

Plate 10 : Lab
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2. Audit Methodology

Five steps involved in the audit process are as follows:

Objective Activities

Step 1 Audit of historical

data

or walk-through |

- audit

’Step3 On-site

investigations

1 .

fStep'747  Data Analysis

StepS ' Documentation

and Report

 Step 2 -'Screéhihg survegrv °

Online data collection
Building drawings, utility bills

Random check of inventory of all electrical and electro-
mechanical devices including lights, fans, motors,
pumps, ACs, water equipment,

Inspection of site for water, waste and environment
information

Verification of online data submitted through ground
survey and observations

Measurement of various equipment efficiencies,
specific power consumption (SPC) KkW/TR of
equipment w.r.t. manufacturer’s data.

Monitoring of actual energy consumption of AC and
other electrical loads

Observe operation of equipment and evaluate their
performance w.r.t. manufacturer’s data

Conduct random lighting audit of habitable spaces and
compare with National Building Code (NBC) 2016
standards.

e Study of air conditioning loads and performance
e Study of power system and performance
e Study of illumination system - LUX levels, Lighting

Table 3: Steps in the Green Audit

Power Density (LPD)
Inspection of water, waste and environmental issues
including flooding, stormwater system

and benchmarks
Recommendations

Preparation of detailed report with documentétion,
calculation and all technical information, summary
and recommendations

A diagrammatic representation of the methodology is provided in the flow chart below:

-Anélysié of all criteria and Eorﬁpé;igbh with standards

Roshni Udyavar & Associates, September 2021
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Figure 1: Methodology of the Green Audit at Jhunjhunwala College
T
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2.1 Data Collection

General Data collection such as year of establishment of college, number of students
and staff, inclusion and exclusion of spaces and equipment for the audit were obtained
through one-to-one interviews and discussions with key informants who also assisted in
the collection of building drawings and electricity bills for the past 3 years (2018 to
2020).

Walk-through Audit

A walk-through Audits were conducted by the Team which were followed up by a few
more visits to review the accuracy of data. Special guided visits of the campus were

conducted along with Dr Usha Mukundan, IQAC member and Mr K Somnath.

Detailed Audit and Measurements

Detailed audit of the air conditioning system (window and spit units) as well as the
electrical system was conducted by BEE certified energy auditor team. The indoor and
outdoor units of the AC’s were tested for refrigerant flow and pressure, refrigerant
temperature, actual energy consumption and cooling capacity. These are elaborated in

section 3.1.3 and compared with standards in the analysis section.

The energy audit study was carried out during lockdown period, and hence the building
had limited occupancy and load on the systems, as only administrative staff was present
in the college. For the audit purpose, some of the air-conditioning systems were switched
ON to generate load on the system. Below are some pictures of the detailed audit in

process.

(o)
[
— . = [ ] [ aame ] ™™ ™ [ o] | o |
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1 Plate 11 : Audit of AC in process Plate 12: Audit of AC in process

Plate 14: Audit of AC in process Plate 13: Audit of pump in

process

J Observation Check-list was used during the walk-through audits to gather

] information on location of windows, Window Wall Ratio (WWR), number and type of

] lights, fans, air conditioners and equipment.

’ Instruments Used

For the energy audit, the following instruments were used:

el e e e U U SRR 12
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Instrument Name

| ¢ /’\ Clamp - on type Power/Energy meter
b |

1\ Clamp On Earth Tester M'éggarfMake.

Thermal Imager Fluke Make Tis-10 Series.

Anemometers - to measﬁ}’éi\;eloci"ty of géses 1
Luthron Make. |

| Bigital Thermometers for licjuiid /surfai:é
temperature.
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Lux meter Luthron Make.

Table 4: Instruments used for the study

Measurement of Illuminance

Lux levels were measured at 40 different spaces by using a Lux Meter over a grid of 9

points measured at working plane height with artificial light between 1100 to 1700

hours. The average reading was then compared with the mid-point reading of the

recommended levels in the National Building Code, 2016.

Schedule of Data Collection

S. No. Audit Activity Person
1.  Online data form link provided to college Dr. Roshni U. Yehuda
2. Online data submission Dr Usha Mukundan
3. Walk through and detailed audit Ar. Twishi Shah
4. Detailed audit of air conditioning, meters Mr. Mahesh Harad
and power systems Mr. Aseem
5.  Detailed audit of Solar PV panels Dr. Roshni U. Yehuda

Mr. Rumi Engineer

Table 5: Schedule of data collection based on actual visits

2.2 Data Analysis

Date
03.06.2021
27.07.2021
25.08.2021

1 25.08.2021 and

26.08.2021

1 27.09.2021

The collected data was analysed and visually represented using pie-charts, bar graphs,

tabulations in each of the audit areas. They were assessed against existing benchmarks

and standards such as Energy Performance Index (EPI), Lighting Power Density (LPD) as

per ECBC 2007, appropriate illuminance levels (Lux) for visual comfort, and Specific

Energy Consumption (SEC) as specified by National Building Code 2016, Window Wall

Ratio (WWR) and several others.

]
a
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Calculation of Wattage

Wattage of lights, fans, AC and equipment were made on the basis of data submitted
online by the college verified through random survey during on-site investigation. The

complete consolidated data is provided in the Annexure A.

Information on Population and Area for Energy Performance Index

(EPI) and Specific Energy Consumption (SEC)

Information on number of people using a specific space was obtained from the online
questionnaire and interpolated to obtain occupancy for fresh air calculations. For area
calculations, total built up area provided in online questionnaire and building drawings
were utilized. As per online data submitted, approximate total population of the college
is 6950 persons. This will be used for SEC calculation. The total built up area of the
college considered for EPI is 89,017.54 sq. ft. (8270 sq. m).

B Students ; 6666 x
2 | Teachers 134 |
A7 R Non-Teaching Staff =~ 125

4 | Administrative Staff =~ 25 I
TR SRndoE e | __ 6950

Table 6 : Break up of total population of college
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O

O . .
: 3. Analysis and Benchmarking
0] 3.1 Energy
8 -
- 3.1.1 Overall Energy Consumption
The overall electricity load at Jhunjhunwala College can be divided among four major
] g
'r sections viz. Lights, Fans, Air conditioners and Equipment. The break-up of energy
8 consumption among the four major contributors end-use-wise, floor-wise and as per
O connected load is shown in Figure 2, Figure 3, and Figure 4 respectively.
]
A TOTAL ENERGY CONSUMPTION (KWH)
j Lights
8 34%
]
]
8
CJ AC 13%
] 19%
=
] Figure 2: Distribution of Annual Energy Consumption based on end use
U
60000
o
50000
J
40000
| 30000
]
20000
]
10000
0 O 3
A ] Ground  First Second Third Fourth  Fifth Sixth  Outdoor
J ® Lights (kWh) mFans (kwh) ®mAC (kWh) ®Equipment (kWh)

¢ J Figure 3 :Distribution of Annual Energy Consumption Floor-wise
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AS PER CONNECTED LOAD (KW)

Lights
19%

Fan
12%

AC
34%

Figure 4 : Distribution of Annual Energy Consumption as per Connected Load

3.1.1.1 Summary of observations — overall energy consumption:

1,
2:

The total calculated annual energy consumption of the campusis 2,67,352.64 KkWh.
The total billed electricity for the college for June 2018 to May 2019 is 3,34,743
kWh.

Diversity factor is 0.80

The contribution of Equipment is 91,404 kWh (34%), Lights is 89,463.84 kWh
(34%), AC is 51,644 kWh (19%), and Fans is 34,840.80 kWh (13%) as per the
total consumption.

As per the total connected load, contribution of Equipment is 34%, AC is 34%,
Lights is 19% and Fan is 12%.

Discrepancy in load based on total consumption and connected load is because
although connected load of AC’s is high, usage is very low and connected load
of lights is low, usage is very high.

The total conditioned area in the college is 12% while the overall AC load
corresponding to this conditioned area is 19%

The Jhunjhunwala College has office area, conference room, principal room,
computer labs which are fully air conditioned and have high number of computers

and lights. Most spaces are unconditioned including the passages, classrooms.

Roshni Udyavar & Associates, July 2021
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0 9. Circulation spaces i.e. corridors and staircases, attribute to 26% of the area while
] consuming minimal energy. Circulation spaces are also naturally ventilated with
M a parapet wall.

) 3.1.2 Lighting Energy Consumption
] 3.1.2.1 Artificial lighting

M Artificial lighting contributes to 34% of the total consumption in Jhunjhunwala College
0 - mainly due to the use of non-LED tube lights and longer duration of usage (due to
working in 3 shifts). The types of lamps used in the campus are shown in Fig. 5. The

number and wattage of lamps used is shown in Table 7.

@ TYPES OF LIGHTS
] LED light c;_th;t}:b

17.27%

Tubelight
) 82.62%

Figure 5: Types of lights and their wattage

] 113 Tubelight 54 909 73913.76
] 2, CFL 18 4 103.68
] 3 LED 24 308 15446.4

Table 7: Number and kWh distribution of all Lights

)
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FLOOR WISE LIGHTING CONSUMPTION

Third floor Fifth floor
14% 10%

Sixth Floor
3%
First floor

Second floor _/ 28%

10%

Outdoor
7%

Ground floor

12% Fourth floor

16%

Figure 6: Percentage breakup of Floor-wise Annual Energy Consumption of Lights

1 Fifth floor 8,674.56
2 First floor 24,756.48
3 Fourth floor 14,578.56
4 Ground floor 10,764.96
5 Second floor 8,821.44
6 Sixth Floor 2,563.2
7/ Third floor 12,882.24
8 Outdoor 6,220.8
Grand Total 89,463.84

Table 8: Total floor-wise Light Consumption (kWh)

3.1.2.2 Lighting Power Density (LPD)
The Energy Conservation Building Code 2017 defines Lighting Power Density (LPD) as
the maximum lighting power per unit area of a space as per its function or building as per

its classification.

LPD is a benchmark for the maximum allowable light per unit area provided in the ECBC

2017 and has been used here to compare with the lighting power allowance of each area

Roshni Udyavar & Associates, July 2021

19

D
a
0l

]
E

0

= -

a
a

a

0
0



O in the college. The LPD using the ‘Space Function Method’ for some important activity
0 areas has been calculated and compared with ECBC 2017 in Table 9.

)
0
8 1. | Library - reading Area | 10.00 10.14 Yes
] 2. Classroom 13.8 911 Yes
Lab- Physics, 15.1 Yes
M 3. 3 8.5
' chemistry
] 4. Computer lab 15.1 17.18 No
) Table 9: LPD for some important activity areas using 'Space Function Method'
3
3
: LPD - AS PER ECBC
1 LPD not
) meeting ECBC
1 requirements
: 31%
J
L]
! ] LPD meeting
ECBC
{ J requirements
69%
=
=
) Figure 7: Percentage of areas complying with LPD norms as per ECBC using Space Function Method
] 3.1.2.3 Efficacy of Lamps
(J The Efficacy of a lamp is defined as the lumens produced by a lamp plus ballast system
| divided by the total watts of input power (including the ballast), expressed in lumens per
] watt. The higher the efficacy, lesser is the energy consumed by the lamp.
] The comparative efficacies and environmental impacts of the lamps is provided in the
] table below:
J
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Fluorescent Tube Lights 34 -57 5000-10000 Mercury ]
(T12 & T8) 0
2. Compact Fluorescent La Larﬁpisi 25-70 10000 Mercury -
3. LightEmittingDiode  60-76 Upto 50000  NIL
. 4. IncandescentHalogen (1
‘ 31-35 - 2000-3000 NIL
filament (low voltage) ¥
4'75.7 Incandesﬁg&énf Al T B e o B ST R 0
. 6-15 1000 NIL
filament 0
Table 10: Comparative efficacies and envir onmental impacts of lamps =
(=
3.1.2.4 Wall Window Ratio and Day lighting
The overall Wall to window ratio (WWR) is observed to be 25%. During detail energy L
audit, Daylight was measured in some rooms randomly, to verify weather lighting level t
are in accordance to NBC. il
The results of the survey of Lux levels are shown below: 0
D
Ground Floor | Chemistry Staff Room 200-300-500 8
2 | Ground Floor | Seminar Hall 220 200-300-500 Yes .
3 | Ground Floor | Gymkhana 210 200-300-500 Yes .
0
4 | Ground Floor | Store Room 205 200-300-500 Yes
#
5 | Second Floor | Physics Lab 2 215 200-300-500 Yes .
3
6 | Third Floor Maths Lab 216 200-300-500 Yes g
7 | Third Floor English Lab 198 200 -300- 500 No 0
8 | Third Floor Biotechnology Lab 205 200-300-500 Yes 0
9 | Third Floor Microbiology lab 215 200-300-500 Yes 0
10 | Third Floor Library 230 200-300-500 Yes 0
11 | Fourth Floor Staff Room 180 200 -300-500 No 0
1
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12 | Fourth Floor Research Lab. DST 160 200 -300-500 No
13 | Fourth Floor Statistics Lab 154 200 -300-500 No
14 | Fourth Floor Room-44 180 200-300-500 No
15 | Fourth Floor Room-36 BBI 210 200-300-500 Yes
16 | Fourth Floor BMS Room 220 200-300-500 Yes
17 | Fifth Floor Room-55 230 200 -300-500 Yes
18 | Fifth Floor Room-56 205 200-300-500 Yes
19 | Fifth Floor Computer  Science 270 200-300-500 Yes
Lab 3
20 | Fifth Floor Lab-2 Bsc 5th FIr 280 200-300-500 Yes
21 | Fifth Floor Lab-2 Bsc 5th Flr 195 200-300-500 No
22 | Fifth Floor Staff Room 5th Flr 330 200-300-500 Yes
23 | Fifth Floor Lab-1 5th Fir 320 200 -300-500 Yes
24 | Fifth Floor It Staff Room 340 200 -300-500 Yes
25 | Fifth Floor It Lab-1 Sthflr 305 200 -300-500 Yes
26 | Fifth Floor It Lab-2 Sthflr 295 200-300-500 Yes
27 | Fifth Floor Room 53 280 200-300-500 Yes
28 | Fifth Floor Room 54 270 200-300-500 Yes
29 | Fifth Floor Room 55 264 200 -300-500 Yes
30 | Sixth Floor Staff Room 380 200 -300-500 Yes
31 | Sixth Floor Room 63 280 200-300-500 Yes
32 | Sixth Floor Computer Lab 320 200-300-500 Yes
33 | Second Floor | Studio 350 200-300-500 Yes
34 | Fourth Floor Staff Room 340 200 -300-500 Yes
35 | First Floor Trust Office 1st Floor 290 200-300-500 Yes
36 | First Floor Conference Room 310 200-300-500 Yes
37 | First Floor Principal Office 285 200-300-500 Yes
Table 11: Summary of lux levels comparison with NB

J
.
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o Summary of Observations: Lighting O
1. There are in all 1221 lamps (artificial light sources) in the campus amounting to o
annual energy consumption of 89,463.84 kWh constituting 20 % of total energy D
consumption. s
2. 17 % of lights are LED. 0
3. Building envelope has Window Wall Ratio (WWR) of 25%, which is within

ECBC’s allowable norms of up to 60%. 0
4. 69 % of the spaces comply with the LPD norms of ECBC. By the Space Function 0
method, most of the key activity spaces meet the ECBC norms. 2
5. Inthe random survey of lux levels at different places, it was found that 90% of the 0
lux level measurements are matching with the NBC norms. 0
6. The highestlighting consumption is by the First floor (28%), followed by Fourth 8]
floor (16%), Third floor (14%), Ground floor (12%), Second and Fifth floor 0

(10%), Outdoor lights (7%) and the least by Sixth floor (3%). )
7. Currently there are 82 outdoor lights manually switched off and switched on. g
3.1.3 Energy Consumption for Thermal Comfort £
Fans and Air Conditioning together consume 32% of the energy consumption of the n
campus. Both these are required for thermal comfort of occupants. Only 12% of the (1
college space is conditioned. 0
Conilzt;:ned 9]
]
!
8
¥
Unconditioned ¥4

88%

&
Figure 8: Conditioned and un-conditioned areas in Jhunjhunwala College 0

There are a total 529 ceiling fans along with 60 exhaust fans and 5 wall mounted fan.

Fans contribute 13% of the energy consumption. Break up of energy consumed by fans
is provided in Fig. 9 and Table 12. The floor wise break up of fan consumption is 0
R e e L U e 23
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O provided in Figure 10 and Table 13.
M
B SUM OF TOTAL USAGE IN KWH/YEAR
] Exhaust fan Wall mounted fan
- 7.75% 0.62%
]
u
]
|
]
O Ceiling fan
r ] 91.63%
. Figure 9: Types of Fans
M S. No. Fan Type Numbers Total Consumption (kWh)
8 il Ceiling Fan 529 31,924.8
' 2. Exhaust fan 7 60 12700
] 3.  WallMounted Fan '5 216
8 Grand Total 594 1 34,840.8
O - Tab_le 1-2: Types (;f[:"ans arndrl:ihel;r wattages Consumption (kWh)
] ) Fifth floor
Third floor 11%
0] 22%
First floor
J Sixth Floor 19%
] 4%
J
] Second floor
16%
] Fourth floor
20%
"
U Figure 10: Percentage breakup of Floor-wise Annual Energy Consumption of Fans
CsNe Fer  ToulConsumpton(owh)
. 1 Ground floor 3026.88
1 2 First floor 7820.64
' 3 » Second floor 6433.92
) 4 Third floor 8837.28
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By e ;F‘ourthﬂob-r e 8153.28
6 Fifthfloor 430272 B
| 7/ Sixth Floor 1679.04 -

Table 13: Total floor-wise Fans &msumption (kWh)
Air conditioning is the third largest consumption for the overall college amounting to
19% of total energy consumption, 111.8 TR of refrigeration and 51,644 units of electricity
annually (2018-2019). The comfort air-conditioning system at college mainly comprises
of split and window units. The breakup of different indoor units and the floor wise
consumption of AC is shown in Fig 11, Table 14 and Table 15.

Third floor Fifth floor
14% 13%

Sixth floor
11% First floor

23%

Second floor
1%
Ground floor

12%
| WA

Fourth floor
26%

Figure 11: Percentage breakup of Floor-wise Annual Energy Consumption of AC

Sr. No.

Building Total Consumption (kWh)

1 | Ground floor | 6237
2 | ~ First floor I 11558 |
f_ e e Second floor 655 = ~v7:‘
SR R e e T e
r 5 ~ Fourth floor T - 13524
L RS Fifth floor 6B
[T 0 ok SSialln o Do e | Pt Ll G vt |
Table 14: Total floor-wise AC consumption (kWh)
Sr. No. Parameters - Units Chemistry Chemistry Seminar Seminar
Research  Staff Lab Hall Hall
Lab
1 | Ma o  Daikin

| 1 ‘Maike' ' - *‘ Mitsuiaishi‘ Daikin =~ Daikin
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0 2 Capacity TR 15 2 22 2.2

0 3 Specific volume of Air m3/kg 0.85 0.85 085 085
1] 4 Air Flow rate m3/sec 0.175 0.224295  0.22823 0.24397
) 5 Power Consumption kW 139 1.67 1.86 1.75
) . 6 Overall kW/TR kW/TR 1.454 1.363 1.492 1.313
' ] 7 Energy Efficiency Ratio =~ kW/kW 2.4138 2.5750 2.3525  2.6728
» ]] Split AC- 2nd and 34 floor
" Sr. No. Parameters Units 2nd Micro Micro Computer
O floor Biology  Biology lab Lab
& Lab-2 lab
] 1 Make - Daikin Panasonic  Panasonic = Panasonic
0 2 Capacity TR | 1 | 15 | 15 | 15
] 3 Specific volume of Air m3/kg  0.85 085 0.85 ' 0.85
] 4 Air Flow rate m3/sec 0.1536  0.1575 0.203 0.1995
-] 5 Power Consumption kW 1.1 125 | 1479 1.84
= 6  Overall kW/TR kW/TR 1311 1.453 1.614 1.689
j 7 Energy Efficiency Ratio kW/kW 2.6771  2.4157 2.1743  2.0787
]
] Table 15: Details of AC units with their design parameters
| ] The campus also has 67 AC’s in total which include 46 split units and 21 window units
installed in principal’s cabin, computer lab, director’s cabin, server room and Gymkhana
- etc.
]
. o Summary of Observations: HVAC
] i Ceiling fans account for almost 91% and exhaust fans amount for 8% and wall
| mount fans account for 1% of the total energy consumed by fans.
] 2 The overall fan consumption shows that third floor uses highest number - 22%

followed by the fourth floor - 20%, first floor - 19%, second floor - 16%), fifth floor
- 10%, ground floor has 9% and sixth has 4% usage.
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3 The overall air conditioning consumption shows that maximum usage is by the
Fourth floor- 26%, First floor - 23%, Third floor - 14%, Fifth floor - 13%, Ground
floor - 12%, Sixth floor has 11%.

4. As fourth floor has maximum number of classroom and research lab, it has the
highest energy consumption of Fan and AC, followed by first floor which houses
administration space which are working for longer duration than the other areas of
college. In case of 3 floor fan consumption, library plays a major role, as it occupies most
of the floor area having 43 ceiling fans in total.

5. As per the audit conducted, all the 67 air conditioners were found to be in a good

condition.

3.1.4 Equipment Energy Consumption

Equipment contributes 32% of the total energy consumption. Major equipment includes
CPU, UPS, lifts, copier, projector, xerox machine, water pump, TV, computer desktops. The

detailed break up of energy consumed by equipment is shown below.

: Vaccum oven
Uv-vIS 0% Zeiss Microscope

spectrophotometer 0% .
Shaker Ultracentrifuge

0% pumps % ; 0%
0%
Water coolor

1 2%
// 2% Astocive

6%
]

Muffle furnace
1%

I~ pH Meter

0%
HPLC
TERET

Laminar air flow

1%
iy

Incubator
0%

Centifuge
1%

Balance
0%

B>
0% |FTIR ;

¥Z
0 . -
Hot air oven ' /‘

2%

4'

Digital motic -

Microscope
0%

Conduciivity meter
0%

Figure 12: Types of equipment

S.No. Equipment Number Wattage (kWh)
1  Autoclave 3 5400

2 Balance 7 11 | 36 - |

Roshni Udyavar & Associates, July 2021
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3 Centifuge 3 756
4  Computers 562 75096
5 Conductivity meter 1 36
6 Digital motic Microscope 1 108
7 FTIR 1 108
8 Hot air oven 4 2160
9 HPLC 1 180
10  Incubator 2 234
11  Laminar air flow 8 1296
12  Muffle furnace 1 720
13 pH Meter [3 1108
14  Sensitive balance 4 144
15  Shaker 1 108
16  Ultracentrifuge 1 360
17  UV-VIS spectrophotometer [2 72
18 Vacuum oven 1 180
19  Water cooler 9 1944
20  Zeiss Microscope 1 108
} 21 | Lift 2 10080
) Table 16: Type of Equipment and their Wattage
L
Second floor
. ] Ground floor 0.5%. . .
_2.7% Third floor
] Mo N [ 4.2%
First floor __ N
] 6.4% &
J Fifth floo
]
]
]
all five floor
J 82.2%

Figure 13: Percentage breakup of Floor-wise Annual Energy Consumption of Equipment
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S. No. Building Total Consumption (KWh).

Table 17: Total floor-wise Equipment consumption (kWh)
Pumps

S. Item Capacity Quantity Total Load

No. Description kWh/year
1 Water Pump 5 HP 3 | 2238 ]

|
Table 18: Detail of the pumps

1 1 Ground floor 216 |
| 2 First floor 5886
3 Second floor 432
4 Third floor 13852 |
5 | Fourth floor | 3456 |
6 i Fifth floor 216
[ ’ Computers (all floors) 75096

C o ofddcocCodcoooooeEE S oo EoEeEERERE@EOoOocOoOoa0O
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Some of the equipment used in the college are shown in the pictures below:

Plate 16: Incubator shaker

Plate 18: Hot air oven of chemistry lab | Plate 17: Pump Panel

Summary of Observations: Equipment
1. Total energy consumption by equipment is 34%.
2. The energy consumption by equipment is primarily through computers across all
five floors which is around 62%, Lift is 16%, Autoclave is 6%, Lamination
ST

l

Roshni Udyavar & Associates, September 2021



machine is 4%, projector Is 4%, monitor is 3%, water pumps is 3%, -

microwave is 2%, and AV system, blowers, server, wifi routers is 1%. (.
3. The largest consumption of energy with respect to equipment is by all the 0
computers combined at al floors together at 82.2%. 0]
3.1.5 Electrical system study, Earthing and leakage currents 0
3.1.5.1. Electrical System Study O
The Neutral Earth Voltage was checked in the following locations and all 56 were found a
to be within permissible limit. 8
O
' Sr.No Description N-E Remarks (Acceptable limit is [l
voltage less than 2 Volts) 0

(Volt)

1 | Chemistrystaffroom | 22 Within Permissible Limit a
L 2 Seminar hall E SOOI Within Permissible Limit 0
3 VCym“k"lﬁr S — 2 Within Permissible Limit n
‘ 4 Centrams?triumentifeicility N e Within Permissible Limit 0

5 2nd floor lab 2 2.2 Within Permissible Limit i

oF _J_grdiﬂoof?laboratory”z»_ = 24 Within Permissible Limit :

7 3rdfloor 1ab0rato?y‘3_ : | 23 Within Permissible Limit U

{__ 8 3rd microbiolf)gl_:;l; T 2.4 Within Permissible Limit O

9 é;d_corhputer admission help desk | 2.1 ' Within Permissible Limit 0

10  4th staff room A5 : . 2.4  Within Permissible Limit 0

11 4th research lab dst-fist-DBT 2.5 Within Permissible Limit —

i 71:27 gauSElcs 172134%1 e - 26— Above@efmisﬁsi?léﬁr Ljﬁlit B L ;
13 Room-44 4th fIr 2.7 Above Permissible Limit )

14  Room-364thfloorBBI 12 Within Permissible Limit =

15  Bmsroom 4th floor 1.8 Within Permissible Limit 0

~ 16 Room-55 5th floor 19 Within Permissible Limit 0

17 Room-56 5th floor o 21 Within Permissible Limit 0

18 Computer'science lab no-3 5th 22 Within Permissible lelf 0

19  Lab-2 BSC 5th floor 2.4 Within Permissible Limit -

20  Lab-2 BSC 5th floor 0.95 Within Permissible Limit .

21 Staff - 1.3 U

Staff room 5th floor

Within Permissible Limit
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0 22  Lab-1 5th floor 1.4 Within Permissible Limit
1 23 IT staffs room 1.8 Within Permissible Limit
M 24  Itlab-1 5thflr 2:2 Within Permissible Limit
. 25  Itlab-2 S5thflr 25 Within Permissible Limit
, 26 64 6th flr 2.4 Within Permissible Limit
= 27 64 6thflr 2.3 Within Permissible Limit
0 28  656thflr 257 Above Permissible Limit
O 29  Staffroom 6th floor | 2.5 Within Permissible Limit

] 30  636thflr 2.4 Within Permissible Limit
0l 31  Computer lab-6th flr 23  Within Permissible Limit
& 32 €L | 2:1 | Within Permissible Limit
) 33 | €2 Z Within Permissible Limit

] 34  Studio 2nd floor ' o  Within Permissible Limit
L] 35 Staffroom 24 Within Permissible Limit

) 36  Trust office 1st floor 2.3 Within Permissible Limit

] 37  Server cabin 22 Within Permissible Limit

) 38  Conference room 2:1 Within Permissible Limit
A J 39  Principal office V 2.5 Within Permissible Limit
" 40  Vice principal cabin 25  Within Permissible Limit
- 41  Vice principal cabin ' 2.3  Within Permissible Limit
= 42  Vice principal cabin A 1:9  Within Permissible Limit

] 43 Vice principal cabin | 1.8 Within Permissible Limit
0 44  MIS centre 15  Within Permissible Limit
s 45 Chemistry lab | 1.2 Within Permissible Limit

] 46  Gymnasium 1.2 Within Permissible Limit

Table 19: Earth- Neutral Voltage

3.1.5.2. Earthing and Leakage Currents

Earthing And Leakage Currents were also measured during the Audit. As per

observations most of the earth pit resistance is above permissible limit.

J Earthing & Leakage current Details
o R T R R S e 32
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Sr.No Description ~ Resistance in Leakage in mA Remark

Ohm
e Main Panel Earthing » 960 | 24.2 ~ Above Permissible Limit
2 | MainPanel Earthing 1 o095 ' 17 | Within Permissible Limit
=3 Main Panel Earthing T [ 704,  Above Permissible Limit
4 Solar System S 970 | 0.35 | Above Permissible Limit
; 5  MainPanel Earthing =~ 550 : 0.05  Above Permissible Limit
6 Main Panel Earthing 440 32.6 Above Permissible Limit
7 | MainPanel Earthing =~ 230 60.8 - Above Permissible Limit

Table 20: Earthing and Leakage Current Table

3.1.6 Benchmarking - Energy Performance Index (EPI)

The Energy Performance Index (EPI) of Jhunjhunwala College is 40.48 kWh/sq.
m/year in 2018-2019 as the billing data. As per the Bureau of Energy Efficiency’s
(BEE) EPI benchmark for institutional buildings in warm-humid climate zone (such
as Mumbai) is 150 kWh/sq. m/year. The energy consumption of the college is well

below this benchmark.

Climate Zone EPI (kWh/m?/yr)

Warm & Humid 150
Compositeﬁi %
"' ' Hot&Dry - | -  © 106

Moderate 129

Table 21: EPI bench mark by BEE for Institutes

3.1.7 Benchmarking — Specific Energy Consumption (SEC)

Specific Energy Consumption (SEC) is defined as the energy consumption per unit
product. The specific energy consumption taking into account students, faculty and staff
members were calculated to form a benchmark of 48.16 kWh/ person/ year and Rs.

640 per person per annum (considering 2018-2019 data).

Roshni Udyavar & Associates, September 2021
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0 3.1.8 Billing Analysis and Metering system

] 1. The energy consumption in the college is mainly in the form of electricity which
] is supplied through Adani Electricity Utility company and 10 KW solar PV
0] panels on the terrace
] 2. The College is billed under category LT IX (B) for all 9 meters. This category is
] applicable for Public services which includes Government and private hospitals
and educational institutions.

3. The Monthly electricity bill for all the meters with LT IX (B) has the basic rate of

™y
——t

] energy as Rs. 6.45 per unit (kWh) in addition to fixed demand charge of Rs. 330
8 per connection per month, Wheeling charge of Rs. 1.74 per unit. The Tariff
8 Structure of Adani Electricity Utility company along with additional Time of Day
] (TOD) tariff is summarized in tables below:
M) Fixed Demand charge Electricity Wheeling RA FAC rate
s X/Month duty charge charge Paise /
%/Unit ¥/Unit Unit
J LTIXB Rs. 330 per connection 6.45 @21% 1.74 0.43 50.63
£l per month
= Table 22: Tariff Structure as per the Adani for FY 2018 - 19

] 4. The overall per unit charge is Rs. 13.28 per unit.

= 5. Itis observed that the annual energy consumption of the college as per electricity
& bills is 3,34,743 kWh for the Year June 2018 - May 2019. The average monthly
consumption is approximately 2795 units. It can be seen that the months of
March, July, August, September and November have the highest consumption. This
could be attributed to excessive discomfort and use of fans and ACs due to higher
insolation and relative humidity. It may also be related to activities in the college.
] February has the lowest energy consumption. May is lowest due to summer

] vacation.

3.1.9 Pumps and Motors

- The college has 3 main water pumps in the passage of ground floor. These two pumps are
used to pump the water from UG tank and ring well to OHT. At present the pumps are

run in auto mode of 5 hp capacity each as controllers are installed for running of the

BB T e T Y 54
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pump. The photos of the Pumps and their performance is provided in Plates 16 and Table
22.

1 Passage of Ground floor 5 hp 3 2 hours | 300 | 7.5 | 2250

Plate 19: Underground water pump

3.1.10 Renewable Energy- Rooftop Solar PV

The College has 34 nos. of Solar PV panels installed on the Rooftop in 2017which have
capacity of 10 kWp. These panels were installed by Hon. MP Dr. Kirti Somaiya as per the
guidelines of MPLADS Administrative Approval in 2016-17. These panels are laid on the
Sloping roof, based on the slope of the roof and not as per the best orientation for higher

solar gain. A separate energy meter and inverter is also attached to the system.

Roshni Udyavar & Associates, September 2021
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Plate 20 : Installed Solar PV panels on the sloping roof of the college

|
|
J
)
J
Figure 14:Picture showing Solar meter, Inverter and Mr. Rumi Engineer inspecting the system on
site.
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1 Based on meter readings from Energy meter recorded from 1st to 9th October

2021, it was recorded that power generated is 35.17 kWh. As per the current energy 0

generation thumb rules, a 10kWp system should generate 40kWh/day. So the system was 0
generating power on lower side. 0
2 The solar PV manufacturing data could not be obtained and hence it is not possible 0
to comment on the deterioration rate considered on Y-O-Y basis for ageing of the Solar 0
Panels. ’
3. As being given to understand this Solar power is consumed fully on fourth floor t
wherein considerable power demand is present at any given point of time. 2
n
| MeterNo. 5118667 MFM384 g 0
Date Meter Reading Consumption (kWh) -
I - (kwh) L | =
 27:09:20240) 0 0 42585220 - =nd 8|
01-10-2021 _ 42669.37 | ~28.05

e 7 02:40:202 10 g2 02 sdi s R T 833t a
|  03-10-2021 | @ 4273783 g 35.08 S

_04-10-2021 | == 4277248 | Sk 34.65 -
e 05-10-2021 4280698 134.50 0

R 06:00-202 | e N PR 0 onl i S R e s 438

~ 07-10-2021 4287536 3500 0
08-10-2021 4291335 SN /L 0

| 09-10-2021  42950.71 S 37.36 )
Averages oo SRt = RE : 35.17 (8|
Table 24: Table showing Solar Meter reading for study period 1st to 9th October 2021 n
3.2 Water 0
The College has an OHT of capacity 1,000 litres and an UGT of capacity 5,000 litres. 0
There 135 wash basins (some located in labs and others are in washrooms), 8 WC have §
single flush type flushing tank while the rest of the toilet units have only ablution taps, ]
and a total of 12 drinking water coolers. There are around 9 individual taps, of which 7 )
are used for gardening (on ground floor and terrace), n
and 2 are near temple. -
Considering 6950 persons at the rate of 45 litres per person per day (as per NBC), the Lf‘
maximum total daily requirement of the college is 625.5 Kkilo litres. This is shown in table e
no. 26. Monthly requirement should be 14386.5 Kilo litres considering 23 days of L
operation per month. 1
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However, as per water bills submitted by the college, average monthly water

consumption is 2964.17 Kilo litres, which means daily consumption is around 130 kilo

litres. This amounts only 21% of the calculated daily water consumption. The exact daily

consumption can be observed in figure 14.

The college pays Rs. 5.09 per kilo litres of water in addition to the 70% of water charges

as sewerage charges according to the tariff specified in the water bills.

The College campus water bill shows that the average monthly water charges are Rs.

24783/-, accordingly the per litre of water cost is around Rs. 9/-. Table no. 25 gives

details of the faucets, flushing devices and water coolers in the College.

106.00
104.00
102.00
100.00
98.00
96.00
94.00
92.00
90.00

Daily water consumption(KLD) as per billing

May 18-Aug 18

Aug 18 - Nov18

Nov18 - Feb 19

Feb 19 - May 19

Figure 15: Chart showing Quarterly water consumption as per the water bill

S. | Building Floor Total | Total Drinking Water Wash Wash Type of
No No. No. of | Water/ Closet Basin basin Flushing
Toilet | Cooler (WQC) taps Tank (Dual
Blocks Flush/
Single
Flush)
i Garden Campus 6 Tap
2 Chem Lab 1 Ground floor | 17 Basin Tap
3 ChemLab2 | Ground floor |21 Basin Tap
4 Chem Lab 3 Ground floor |9 Basin Tap
5 Research lab | Ground floor | 2 Basin Tap
6 Chem lab Ground floor | 14 Basin Tap
7 Canteen Ground floor |5 Basin Tap
8 Canteen Ground floor | 2 Water cooler

e T S P b e e s U 38
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9 Ground floor | Ground floor | 2 Water cooler

10 | LCR 1st Floor 5 Tap

11 | 1stfloor 1st Floor 2 Water cooler

12 | Office Toilet | 1stFloor 3 Single Flush

13 | Office toilet 1st Floor 3 Basin Tap

14 | Pantry 1st Floor 1 Basin Tap

15 | Panty 1st Floor 2 Water cooler

16 | Biology Lab | 1stFloor 9 Basin tap

17 | Biology Lab 1st Floor 3 Water cooler

18 | 2nd floor 2nd floor 4 Water cooler

19 | Physics 2nd floor 9 Basin tap

20 | Boys 2nd floor 3 Single Flush
Washroom

21 | Boys 2nd floor 4 Basin tap
Washroom

22 | Boys 2nd floor 2 Tap
Washroom

23 | 3rd floor 3rd floor 2 Water cooler

24 | Boys 3rd floor 3 3 push Tap
Washroom

25 | Boys 3rd floor 2 Basin tap
Washroom

26 | Boys 3rd floor 1 Tap
Washroom

27 | Library 3rd floor 1 Basin tap

28 | Biotech Lab | 3rd floor 24 Basin tap

29 | Biotech 3rd floor 3 Water cooler

30 | Stats 4th floor 1 Basin tap

31 | Researchlab | 4th floor 2 Basin tap

32 | Staffroom 4th floor 2 Water cooler

33 | Staff room | 4th floor 6 Tap
Gents
washroom

34 | Staff room | 4th floor 4 Tap
Ladies
washroom

35 | Girls 4th floor 2 Tap
washroom
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0
O
O 36 | Lunchroom | 4th floor 1 Basin tap
O 37 | Lunch room | 4th floor 2 Water cooler
"] |38 | Temple 4th floor 2 Tap
39 | Research 4th floor 2 Basin ta
0 p
preparation
0 room
& 40 | 4th floor 4th floor 2 Water cooler
- |41 | BMS 4th floor 1 Single Flush
0 Washroom
0 42 | BMS 4th floor 1 Basin tap
; Washroom
0] 43 | 5thfloor 5Sth floor 3 Water cooler
D 44 | CS 5th floor 1 Single Flush
Washroom
O 45 | CS Sth floor 3 Basin tap
0 Washroom
= 46 | BVOC 5th floor 2 Tap
O Washroom
"] |47 | BVOC 5th floor 1 Basin tap
Washroom
0 48 | 61-62 room | 5thfloor 1 Tap
] no.
0 49 | Garden Terrace 1 Tap
: 50 | Beauty Terrace 2 Basin tap
= parlour
0 Table 25: Toilet details in college
0
4 u':f £ Water requirement per Total water requirement
0 Do | person (LPCD) (LPCD)
Domestic Flushing Total | Domestic | Flushing al
-] Students 6666 20 25 45 133320 | 166650 299970
| | Teachers 134 20 25 45 2680 3350 6030
Non-teaching staff 125 20 25 45 2500 3125 5625
1] g
Administrative staff 25 20 25 45 500 625 1125
a Total 6950 139000 173750 312750
J B e S = “{ : ’ il
] Table 26: Total water usage of the Campus
2
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3.2.1 Rain Water Harvesting

The college has successfully installed a rainwater harvesting system collecting water
from the rooftop catchment through down take pipes fitted with filter which is used
to recharge a 20 feet deep ring well. This water is used for Landscaping and watering

the plants as the quality of water is not feasible for drinking.

Figure 16: Rainwater harvesting down-take pipe and Recharge Ring well provision in campus

3.3 Solid Waste

The college generates approximately half kg of waste per day which amounts to 100
kg/year, which is organic / food waste from canteen. The waste is not segregated at
source as per information submitted by college. There is scope to include various
segregation, recycling and composting concepts in the campus. The college has already

marked out a place on campus for a compost pit.
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Figure 17: Compost pit provided in campus

The college has developed an E-waste collection system in collaboration with

Eincarnation Recycling Pvt. Ltd. that collects the E-waste periodically.

An incinerator for medical waste is provided in one of the toilets on 3rd and 4t floor.

3.4 Environment Quality

As the college is located right next to the major railway station (Ghatkopar), there are
several sources of noise and air pollution due to food stalls, railway line and associated
activities. However, the college has created green buffer within and outside college along
the compound. They have also created a green house on the roof top which has mist
irrigation and hydroponic technology of growing plants. These efforts taken by the
college are commendable. The college already has identified and listed the number of
trees on campus. As they have botany department all the trees are listed by their scientific
name and the information is already. All identified trees in the campus have QR code

plate, scanning which the basic information of the tree can be read.

The list of trees along with their location submitted and displayed in the college is given
below:

_42
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10

11
12
13
14
15
16
[z
18
19
20
21
22
23

24

Sacred Fig
Cluster Fig
Mango tree

Yellow flametree

Kasah
Indian Beech
Rain tree
Indian mast tree
Pinwheel Flower

tree
Arg&a palm
Dumb cane
Indian screw tree
Wild plantain
Crane Flower
Flame of woods

i Chiﬁnesﬁe chaste tree

Saﬁd@e; vine
Sago Palm
Rangoon Creeper

Monkey brush vine

Ceylon- Ironwood
Bitter cassava
White frangipani
Bridal Bouduet

Ficus religiosa Tree
Ficus racemosa Tree
Mangifera indica Tree
Peltophorum pterocarpum  Tree
Sterculia alata ' Tree
Ponngami& p}ljlt;t; 7 Tree
albizia saman Tree
| l;olyzl}hia longifolia Tree
' Tabernaemontana Shrub
divaricata
5ypsi§ lutescens Shrub
Dieﬁe;bazhia seg?;ine Shrub
 Helecteris isora Tree
Heliconia sp. Shrub
~ Sterlitzia regihae Shrub
Ixora coccinea Tree
- Vitex negundo'  Tree
Petrea volubilis (Liiania) Creeper
Cycas;srp. o Tree
~ Combretum indicum Creeper
Combretum rotundifolium Creepér
Messua ferrea | Tree
Manihot esculanta Shrub
Plumeria alba Tree
Plumeria pudica Tree

Table 27: List of Trees Species in the Campus

2 Ground floor
1 Ground floor
4 Ground floor
4 Ground floor
1 Ground floor
1 Ground floor

1 Ground floor
49 Ground floor
1 Ground floor
9 Ground floor
5  Ground floor
1 | Ground floor
4 Ground floor

Ground floor
Ground floor
Ground floor
Ground floor
Ground floor

' Ground floor

" Ground floor
Ground floor
Ground floor
Ground floor

Groupd floor

RlEB PR RP PR N W N

Plate 21: Trees and Shrubs in the campus
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4. Recommendations for Green Campus

8 0

1
—

and Feasibility for Jhunjhunwala College

4.1 Visual Comfort and Energy Efficiency

The LPD values in educational spaces such as classrooms are found to be meeting the

maximum norms as prescribed by ECBC 2017. However, few spaces correspond to lower

ogoo0oagaa

illumination levels as measured during the random lux level survey of spaces. The overall

lighting consumption is meeting the ECBC norms. It is therefore prescribed to improve

|
[S—

the illumination levels in some spaces which have low illumination levels.

.,,—,
—

4.1.1 Replacement of T8 (40W) Fluorescent Tube Lights (FTLs) along
] with electromagnetic ballast with 18W LED Tube Lights having lumen
] output of 1800 (efficacy = 100 Lumens per Watt)

Since 40W Fluorescent Tube Lights (FTLs) are the largest source of lighting energy
O consumption, they should be replaced with efficient 18W LED T8 tube lights of 1800
] lumens output (efficacy of 100 L/W) with long life of 40,000 hours, diffused uniform

] light output, better color rendering (CRI>83) suitable for learning spaces and built in

] protection circuit.

Plate 23: Existing 36 W Plate 22: Proposed 18W LED Tube Lights of
Fluorescent Tube Lights 1800 Lumens output (efficacy = 100 L/ W)

Areas applicable: All classrooms, staffroom, conference, computer lab, cabins

 Ann  Payback

‘ ‘ " Rate

l Existing o Existing Proposed Estimated Annual = ual
; ] Type of g:;s:; g Wattage  type of [ Ig:::tsied Wattage 3:::; Tot(a‘:s(;ost Savings = Savi
Light Y (kwh)  Light Y (kwn) ) (kWh) l(lgj’)“

Pt el i e TN TS NI S RN (27D u (Rs i

18W LED ‘ 6

40 W 639 months
TFluorescent | 909 739613'7 (;g)ogf 909 246917 345/- 313605  49222.08 887
|tube light 1 04
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4.1.2 Replacement of T8 (40W) Fluorescent Tube Lights (FTLs)and LED a
lights with sensor based dimmable lights in passages H

]

Replacement : Tubelights and LED lights with dimmable motion sensor-based LED :

lights
Areas applicab_le:rPassage o 0

Existing Existi | Existi Proposed type of | Propose_' Estimat Ra  Tot Annual  Annual Payback |
Type of ng ng Light d Quantity ed ‘ te al ' Savings = Savings* | (4 ]
Light | Watta Wattage ‘ per Cost 1 (kWh) (Rs)
‘ ge (kWh)  unit  (Rs) )
‘“ Quanti (kWh) Rs) | \
ty - - H
Tube light 19 1581 18W-2 19 @ 790.56 | 550/ 1045 790.56 | 10277.28 1year _
40W Feet Dimmable - 0 1
motion sensor- l
based LED tube i
L = light | ‘ . |
LED light 24 1924  18W-2 24 764 | 550/ | 1320 1160 15080 11 5]
24 W Feet Dimmable |+ 0 months
motion sensor- | ‘ | U
l based LED tube l 1
] . - light | ‘. 8
Passage 2 52 | 18W-2 2 | 26 550/ 1100 26 338 3years |
LED light ! Feet Dimmable ‘ |- 3 B
18w motion sensor- | months |
based LED tube ‘ y i
light | , t I
Table 28: Table for calculation of Replacement of tubelights and LED lights with dimmable motion 0
sensor-based LED lights in passage area 0
4.1.3 Optimization of outdoor lights operation based on Astronomical 3
timer
O
a
8
| ‘ O
4  Optimization of street light 0.10 735 0.08 192 )
~operation  based  on ‘ | U
|  Astronomical timer a
| e R ——— . -
Table 29 Energy efficiency improvement measures
At many of the switching points, Analog and digital times are provided to switch ON and a
OFF the lighting system. At most of the place’s timings are in the range as per table 8
mentioned below O

45

-

Roshni Udyavar & Associates, September 2021

-



0

1

, "
[— - el

O O

Switch ON time Switched OFF time
1 Summer 6.30 PM 6.00 AM
2 Winter 5.30 PM 7.00 AM
3 Monsoon 6.00 PM 6.30 AM

Time Switches are used to control events with respect to real time clock (RTC) whereas timers
are used to control processing times. Therefore, RTC forms the basic difference between

timer and time switch functionality.

With the help of Time switches it is possible to switch ON and OFF devices like lights, heaters,
etc. automatically at desired time of the day / night thereby giving the advantage of
convenience and reduction in power wastage or substantial energy savings. The need of
automation in street light system is for accurate switching of lights at sunset or twilight sunset

and switch OFF at sunrise or twilight sunrise with energy savings.

L&T Time Switches

Digital - Astronomical Digital
AstroMini  Astro Crono FM1 QT

Figure 18 Time Switches
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g8 0
4.2 Thermal Comfort and Energy Efficiency
0
4.2.1 Replacement of regular fans with BEE star rated fans and 0
Brushless Direct Current (BLDC) fans [
Replacement Details: Regular fans with BEE star rated fans or Brushless Direct Current®
(BLDC) fans
Areas applicable: Classrooms, office, computer lab, staff room, cabins
Rate per n
unit
Existing | o . 0 Existing | Proposed | , 4 | Estimated basedon | Total | Apnual | Annual a
Type of QXIsntli‘g Wattage | type of ropotsie Wattage | exchange | Cost Savings | Savings*
Fan Mantity (kWh) Fan Saanrgy (kWh) policy of (kWh) (Bs) O
Utility Payback
(Rs) (Rs) 0
Ceiling Atomberg
Fans60 | 529 | 31924.8 | Gorilla 529 | 17026.56 | 1,880/- | 994520 | 14898.24 19:;377' 5 years ™
w 32w months
Table 30: Replacement of Regular fans with BEE star rated fans and Brushless Direct Current (BLDC) D
fans 0
The Power Utility Adani under its DSM Scheme provides for exchange of old fans with n
energy efficient fans at subsidized rates. Below is the table of rates as provided on their 0
website.
0
Price Rs. (Inclusive of Delivery & 0
power .
_|Installation)
Brand Models***|Consumption - - - 0
i With Discount|New Discount ~
(watts) MRP
Exchange|%* Purchase %*
E -
Usha 32‘"9'3 32 37502290 39 [2390 36 0
O
Atomberg |Gorilla |32 3600(1880 48 2048 43 0
Super E1 |35 3570 [1870 48 1990 44 &
\Versa
. Super X1 (35 36902070 44 2170 41 0
Super A1 |35 4050(2820 30 2920 28 1
* Actual discount will be more considering free delivery and installation.
—
** Conventional ceiling fan consumes 75 - 80 watts.
*** Prices & Models subject to change a
8

Table 31: Rates of Brushless Direct Current (BLDC) fans
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However, an enquiry will need to be made with the utility to understand whether the
policy is still in place, the subsidized cost and the number of fans that could be replaced
under the Policy and the process for exchange.

In case, DSM policies are not applicable or partially applicable, the college can purchase
fans directly. Cost and payback period will be double for fans directly purchased from

vendor. Vendor list is provided in the Annexure G.

5

Plate 25: Existing Ceiling Fan Plate 24: Existing Ceiling Fan of 60 W
of 60 W Proposed Ceiling Fan of Atomberg
Gorilla 32W

4.2.2 AC maintenance

Currently the ACs are performing in good condition as per the audit. However, regular
maintenance is necessary. In case any AC is being replaced or new ACs are purchased, the
college should opt for BEE 3 or 5-star rated ACs only for superior performance and
energy efficiency. We recommend the use of Airtron AC energy saving devices for all split
and window AC units, especially those which are being used frequently. With its patented

dual-sensor driver microprocessor technology, it can save up to 35% of energy

consumption of an AC unit. Details of vendor are provided in Annexure H.
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4.3 Recommendations for Solar PV system

8

o College should collaborate with Utility (Adani) to introduce a net metering system .

so that there is scope of wheeling the power back to the Grid by way and accounting for ‘

it in the College electricity bills. This can provide reduction in electricity bills by 15- -

20% to the College. 8

o Cables of the solar panels should be properly ducted through a PVC pipe with 0

openings to inspect connectors. This is required from fire safety point of view. 0

o Manual or sprinkler cleaning is essential to maintain efficiency of the solar panels. 8

o) Painting and maintenance of the structure supporting the solar panels and the 0

gangway is important from the safety perspective. 0

O

a

0

O

a

0

o

a

0

]

Figure 19: Picture showing the current gangway and open cables of the Solar PV panels )

o College should contact the supplier and do health check-up of the entire system &

(Panel and Inverter). O

o Clean the panels regularly. 8

o Check the Energy meter's calibration (Energy meter may show incorrect reading 0

due to drifting of accuracy over period of time). 0

o Get further clarity on the distribution of the Solar power in the Electrical power 0
distribution system in the college.

o The college can appoint a vendor for maintenance of Solar panels. Details are H

attached in Annexure H. U
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4.4 General Recommendations and best practices

for energy conservation

D) General recommendations:

) o A separate energy meter for each floor is also recommended. In the long run separate

M meter for light, fan, equipment and AC is recommended. This can also be connected to an

M 10T system to make it online so that energy consumption can be monitored on real-time

N basis. Vendor details are shared in Annexure H

o Clean the AC filter at least once a fortnight. A choked filter means poorer quality of
cooling and more power consumed.

oReplace old regulators with Electronic regulators to help reduce electricity
consumption significantly

) o Whenever existing AC units are replaced or new ones to be purchased, BEE 3-star or 5-
] star rated machines should be purchased.

o Forlights, fans and other equipment, itis recommended to engage with a service provider

rather than purchase individual lights and fans. An AMC Contract should be signed with

-

the service provider with clause on ‘Performance Guarantee’ with penalty / incentive
clause for maintaining the System'’s output. This will result in bringing in accountability
from Project Developer/ service provider.

} Best Practices:

o Consider Using the AC optimally - for an hour or two less everyday. An AC switched off
] for an hour can keep a 20 W tube light on for 100 hours!
| o Maintain the A/c Temperature around 24°C - 25°C (human comfort level).
] o Keep windows shut after switching off the AC to keep the room cool for some more time.
| You would be saving significantly on power consumption.
l o Switch off the PCs when not in use.
o Switch off lights and fans when leaving a room.
oThe above points may also be displayed in important spaces such as classrooms,

computer labs, staff rooms, etc.

e R T S T Y S0
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4.5 Recommendations for Electrical system and

Earthing

Earth pit maintenance and tightening of earthing joints is required.

Itis also recommended to attend the panel where the leakage current is more than 30mA

(acceptable higher limit) and earth resistance of 5 ohms.

4.6 Retrofit of Water Efficient Equipment

Replacement with water efficient equipment can lead to considerable water savings:

N

Yo 4

e

Plate 26: Existing Single Flush

Plate 27: Proposed Dual Flush

Replacement with water efficient equipment can lead to considerable water savings:

Plate 28: Proposed water saving aerators for the wash basin faucets
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] i - 1. VMSipgle Flush lelal Flpsh | 8 5,07,35,000 3,55,14,500 ‘ 3840 | 30720 NA

m | . Regular
2 Wash basin
N . faucet

Water saving 134

aerator faucet 134 67 8.5/- 1139 NA

Table 32: Retrofit for Water Efficient Equipment

4.7 Waste Segregation and Composting

O Waste segregators to be provided in the lobby of each floor for wet / organic waste, metal,

. wood, paper, glass.

W) White "“G{"ﬂ;( ])L‘l \[ l 3 2vod Dabine
1 o WIS/ Flasic/ Metal § & Mixed Paper

Plate 29: Waste segregator to be installed at each floor level

Organic composting and maintenance of the same can be undertaken by contract with

U NGO such as Stree Mukti Sanghatana (contact details provided in appendix H)

—52
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4.8 Indoor Air Quality -

Since the building is naturally ventilated, indoor air quality is not a major concern. Indoor ]
plants can be added in administrative areas and hanging pots in corridors can be added

to increase biodiversity improve air quality can be provided in the administrative areas

on all floors.

H

r
|

a

Plate 30: Indoor plants - Dieffenbachia amoena, Chlorophyium comosum and Epimnum auries

4.9 Environment Improvement

Plant and tree species that attract birds and butterflies can be planted to increase 0]

biodiversity of the campus.

(|

™ L] [ o
(-] -] 1o Sd

=
()

—
|

Plate 31: Plant species attracting birds and butterflies
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. 4.10 Green Rating

j The college can apply for following green building rating for evaluating performance and
) : getting green rated:
; Provided by Performance  Registration / Rating fees
Evaluation

8
1. EDGE IFC, World Water, Waste Pre-certification plus final
- Bank and Energy EDGE certification - INR
0 1,20,000 + INR 9 per each
% additional sq m above 5,000 sq

] m.
.| 2. IGBC - Existing CII, IGBC  Whole building ~ Registration fees - INR 25,000
0] buildings and certification fees - INR
. 50,000

] 3. BEEstar rating ' BEE, Govt. of Energy | Application to BEE
“ ' India
fJ’ 4. GRIHA - Existing Green Rating Whole Building INR 2,00,000 + INR 3.5 per
o buildings for Integrated additional sq. m over 5,000 sq.
L] Habitat m
| Assessment
8 (GRIHA)

] Council

] 5. GEM ASSOCHAM  Site Area Pre-certification fee INR

Sustainability Green & Eco- (Acres) - Less 1,75,000 + ASSOCHAM

- (Green) friendly than 10 Acres Certification fee INR 2,50,000

] Certification Movement
J Program - Campus (GEM)
M (Educational /Cor

porate and

= Others)
A j Table 33: Green Builﬂing Rating Systems
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5. Glossary

Ballast: A device used in conjunction with an electric-discharge lamp to cause the
lamp to start and operate under proper circuit conditions of voltage, current,
waveform, electrode heat, etc.

Built up area (BUA): Sum of the covered areas of all floors of a building, other
than the roof, and areas covered by external walls and parapet on these floors.
Common area: Areas within a building that are available for use by all users in a
building (i.e. lobbies, corridors, restrooms, etc.).

Connected load: The sum of the rated wattage of all equipment, appliances and
devices to be installed in the building or part of building or building complexes, in
terms of kilowatt (kW) that will be allocated to all applicants for electric power
consumption in respect of the proposed building or building complexes on their
completion.

Contract demand: The maximum demand in kilo Volt Ampere (kVA) (within a
consumer’s sanctioned load) agreed to be supplied by the electricity provider or
utility in the agreement executed between the user and the utility or electricity
provider.

Colour Rendering Index (CRI): Colour Rendering Index (CRI) — Measure of the
degree to which the psychophysical colour of an object illuminated by the test
illuminant conforms to that of the same object illuminated by the reference
illuminant, suitable allowance having been made for the state of chromatic
adaptation.

Correlated Colour Temperature (CCT) (K): The temperature of the Planckian
radiator whose perceived colour most closely resembles that of a given stimulus
at the same brightness and under specified viewing conditions.

Demand: Maximum rate of electricity (kW) consumption recorded for a building
or facility during a selected time frame.

Demand factor: Is the ratio of the sum of the maximum demand of a system (or
part of a system) to the total connected load on the system (or part of the system)
under consideration. Demand factor is always less than one.

Diversity factor: The ratio between the actual power (Pact) and the rated power

(P max) of systems.

- -
[—1

\
-

o |
-

@

-

Al

-

ey ~
[

e

. [aa]

~

-

(S

[

[

Roshni Udyavar & Associates, September 2021



e Dry Bulb Temperature: The temperature of the air, read on a thermometer,

3 taken in such a way so as to avoid errors due to radiation.

o Efficacy: The lumens produced by a lamp plus ballast system divided by the total

m watts of input power (including the ballast), expressed in lumens per watt.

- e Energy: Power derived from renewable or non-renewable resources to provide

heating, cooling and light to a building or operate any building equipment and

appliances. It has various forms such as thermal (heat), mechanical (work),
electrical, and chemical that may be transformed from one into another.

Customary unit of measurement is watts (W).

J ¢ Energy Conservation Building Code (ECBC): The Energy Conservation Building
- Code as updated from time to time by the Bureau and displayed on its website.
M (www.beeindia.gov.in).

e Energy Efficiency Ratio (EER): the ratio of net cooling capacity in watt to total
rate of electric input in watts under design operating conditions.

e Energy Performance Index (EPI): of a building means its annual energy
consumption in kilowatt-hours per square meter of the area of the building which
shall be calculated in the existing or proposed building as per the formula annual
energy consumption in kWh/total built-up area (excluding storage area and the

] parking in the basement) in m?

] e EPI Ratio: of a building means the ratio of the EPI of the Proposed Building to the

] EPI of the Standard Building.
| ] e Equipment: Mechanical, electrical or static devices for operating a building,

including but not limited to those required for providing cooling, heating,
ventilation, lighting, service hot water, vertical circulation.

¢ Equipment, existing: Equipment previously installed in an existing building.

e [lluminance: At a point on a surface, the ratio of the luminous flux incident on an

J infinitesimal element of the surface containing the point under consideration to
[J the area of the element.

7] e Interior Lighting Power: LPD x Gross Lighted Floor Area.

] e Kilowatt (kW): The basic unit of electric power, equal to 1000 W.

) e Lighting system: A group of luminaires circuited or controlled to perform a

specific function.

_"EE"
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e Lighting power allowance:
(a) Interior lighting power allowance: the maximum lighting power in watts

allowed for the interior of a building

—
L—]

(b) Exterior lighting power allowance: the maximum lighting power in watts

allowed for the exterior of a building

F-9
=)

e Lighting Power Density: Maximum lighting power per unit area of a space as per 0
its function or building as per its classification. 0
e Lumen (Im) : SI unit of luminous flux. The luminous flux emitted within unit solid a8
angle (one steradian) by a point source having a uniform intensity of one candela. ¢
e Luminaires: A complete lighting unit consisting of a lamp or lamps together with k
the housing designed to distribute the light, position and protect the lamps, and L ‘
connect the lamps to the power supply.
e Lux: The unit of illuminance (the measurement of illumination) is lux which is 1 L
lumen per m2. 0
e National Building Code 2016 (NBC): model building code that provides 0
guidelines for design and construction of buildings. In this code, National Building 8
Code 2016 refers to the latest version by the Bureau of Indian Standards. 0
e Reflectance: The ratio of the light reflected by a surface to the light incident upon 0
it. 0
e Space: An enclosed area within a building. The classifications of spaces are as -
follows for purpose of determining building envelope requirements: =
(a) Conditioned space: a cooled space, heated space, or directly conditioned 8
space. [
(b) Semi-heated space: an enclosed space within a building that is heated by a &
heating system whose output capacity is greater or equal to 10.7 W/m2 but is u
not a conditioned space. a
(c) Non-conditioned space: an enclosed space within a building that is not t
conditioned space or a semi-heated space. Crawlspaces, attics, and parking 0
garages with natural or mechanical ventilation are not considered enclosed O
spaces. O

_e
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Specific Energy Consumption: The Specific Energy Consumption (SEC) is
defined as the energy consumption per unit of product output.

Unconditioned buildings: Building in which more than 90% of spaces are
unconditioned spaces.

Unconditioned space: Mechanically or naturally ventilated space that is not
cooled or heated by mechanical equipment.

Uniformity Ratio: Minimum illuminance divided by average illuminance levels.
Ventilation: The process of supplying or removing air by natural or mechanical
means to or from any space. Such air is not required to have been conditioned.
Watt: The unit of power.

Wall Window Ratio: The ratio of vertical fenestration area to gross exterior wall
area. Gross exterior wall area is measured horizontally from the exterior surface;
it is measured vertically from the top of the floor to the bottom of the roof.

Wet Bulb Temperature: The steady temperature finally given by a thermometer
having its bulb covered with gauze or muslin moistened with distilled water and
placed in an air stream of not less than 4.5 m/s.

Working Plane: A horizontal plane at a level at which work will normally be done.

Roshni Udyavar & Associates, September 2021
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7. Annexure
A. Usage data collection template

Chemistry Lab 2 “© 10
Chemistry Leb 2 Ground floor 24 0 10 130 258200 2582 0142
2 Chemistry Lab 1 Ground floor 11348 35 40 i 10 120 1166400 1166.2 742 |655738] 0648
Chemistry Lab 1 Ground floor 24 ] 10 130 172800 1728 0.096
3 Sta#f room Geound floor 35.3¢ 35 40 1 0 120 383300 3388 30 [7es007] 027
< Balance room Ground floor 213 35 [ 14 s 100 26400 264 T8 [s.o7082] o108
5 Store room Ground floor 828 35 ) 12 s 200 518300 5184 34 (113764 0324
[] Chem Lab 3 Ground floor 35.85 35 40 14 s 180 466560 46658 311 104348 o032
Chem Lab & Ground fioor 2815 3s [ 2 [ & 180 69120 69.12 0.048
7 Chem Lab & Ground floar 4@ 1 0 120 699320 §99.32 486 0.485
[ Research Lab Geound floor 212 35 40 18 4 100 129600 1296 34 [15ae02| 0324
9 Canteen Ground floor 738 35 ) 1 5 ) 162000 182 934 123529 o034
10 Seminer Hall Ground floor 585 35 2 o 4 100 153600 1536 03sa
1 Gymkhens Geound floor 139 35 I 1 5 100 1820000 1620 390 |23308a| 322
12 Gymnasium Ground floor 133 35 40 14 4 © 51840 5184 21 155398 0218
Hindi centre, counselling room,
13 | Extension sctivities, Mcom centre | Ground floor 2588 35 0 @ 2 100 64500 843 W0 304391 0328
NSS, NCC.
18 Passage Ground floor 169 42 35 I 24 ] ) 300 1092400 10988 0.456
Passege Ground floer “© 12 : 300 259200 2592 108 0.108
15 Office First fioor 20113 35 40 1 300 13348300 | 13388 6378 [31.7108] 5362
Office First floor 24 o 300 1958400 1958.4 0.816
16 8o Lab 1 First floor 15164 33 24 ) 300 345500 3456 116 [735954] 014a |
Biolab1 First floor 0 12 300 2332800 23323 0572
17 BioLab2 First floor 20.67 35 ® 1 0 120 693320 §99.32 §{6_ |ea7703| oase
13 Biolsb3 First floor 67.53 35 o 1 0 130 55360 35536 $9__ [323501] ossa
19 Biolab 4 First floor 30.25 35 4 1 [ 120 547200 547.2 [] 0.33
20 Bio Staff Room First fioor 331 35 40 [] s 180 450800 2508 60 |193353| o032
21 Bioleb 5 First floor 56.53 35 [ 12 s 130 622020 522,08 W [sao107| oa32
Biolab5 First floor 24 13 s 180 120960 12096 0.088
22 LCR First fioor 89.22 35 40 12 s 130 1399620 1359.68 om 10.8943] 0972
23 Rgom 12 First floor 12252 35 40 12 0 120 933120 933.12 [3E 5.28893| 0.648
24 Room 11 First floor 110.83 35 @ 14 s 180 255360 85535 594 535714| 0584
25 Pazsage First floor 180 35 4 g \ 2 0 8 120 276480 276.48 197 [106667| 0192
26 Room 214 foor 47.03625 35 Tubelight NON-LED 6 ) 12 s 300 777600 7776 34 58833 324
27 Room 218 Second floor 4703625 35 g} _NON-ED 3 40 14 O 130 466560 456.55 39 68833 | 0324
28 Room 22 Secend floor 47.421 35 Tubelight NON-LED s 40 14 8 180 622080 $§22.08 432 9.10989 0432
29 Room 23 Second flcor 79.93 35 Tubelight _NON-LEO 5 ) 14 ) 120 622080 622,08 432 |saos0s| o432
30 Room 24 Second floor. 51.39 35 Tubelight NON-LED s 40 14 0 130 622030 62208 51 54063 | 0432
31 Room 26 Second flor 85322 35 i _NON-LED 7 ) 12 ) 180 544320 58832 200 Je71aa5] 0378
Room 26 Secand floor ﬁ — 1 2 0 0 130 34560 3336 0.024
32 PhyLab1 Secand fleor 15168 33 Tubelight 1?7 4 12 e 180 1321920 132192 918 [eos3s1| os18
33 Phy Derk Room Second floor 2819 3. Tubelight NON-LED 3 @0 12 e 120 468560 2663 34 (11293 o322
34 Phylab2 Second floor €9.94 33 Tubelight 11 © 1 [ 120 855350 355 94 [sa9298| 0394
35 Phy staff room Second floor 28.19 33 Tubelight NON-LED 7 % 12 [ 180 541320 584, 31 13409 | 0378
35 Tubelight NON-ED 19 ) 14 E 180 1477440 1a77.44 1026 64125 | 1026
35 Tubelight - 6 I 12 E 120 466360 256.56 33 18 0328
35 Tubelight _NON-LED 33 40 14 s 120 3032640 303264 2106 [105069] 2106
35 Tubelight ) 0 18 e 180 622030 622.08 BT [sswa| oan
35 Tubelight _NON-ED 9 40 1 s 120 632840 599.32 496 |eo79ss| 0486
35 Tubelight _NON-LED 9 40 14 s 120 659820 699.32 456 |106s01] o.uss
35 __Tubelight NON-LED 15 ® 14 s 120 1166400 1166.4 954 [101411] o081
[T s 2 0 0 180 207360 207.36 0184
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Type of Fan (Cedling/
) same of the Spsca == 4 Exhaust/ wall Totalno.of | Approximate | UsageHours | Total no. of Total usage Total usage
Mounted Fan/ Fans Wattage perday days used Wh/year Kwh/year
pedestal Fan)
1 Chemistry Lab 2 Ground floor ceiling fan 3 72 4 180 155520 15552
Chemistry Lab 2 Ground floor Exhaust fan 14 50 4 180 504000 504
2 Chemistry Lab £ Ground floor Ceiling fan 1 72 4 180 51840 51.84
Chemistry Lab 1 Ground floor Exhaust fan 13 50 4 180 465000 458
3 Chem lbrary Ground floor ceiling fan 1 72 4 180 51840 51.84
4 staff room Ground floor ceilling fan 2 72 B 180 207360 20736
6 Store room Ground floor ceiling fan 2 72 4 180 103680 10368
Store room Ground floor Exhaust fan 1 50 a4 180 36000 36
7 Chem Lab 3 Ground floor Ceiling fan 3 72 4 180 155520 15552
Chem Lab 3 Ground floor Exhaust fan i 50 4 180 36000 36
B Chem Lab4 Ground floor Ceiling fan 5 72 4 180 259200 258.2
) Research Lsb Ground floor Ceiling fan 1 72 4 180 51840 51.84
Research Lab Ground floor Exhaust fan 1 50 4 180 36000 36
10 Canteen Ground floor Ceiling fan 8 72 4 180 414720 41472
i1 Seminar Hall Ground floor ceiling fan 7 72 4 180 362880 36288
12 Gym khana Ground floor Ceiling fan B 72 4 180 414720 41472
13 Gymnasium Ground floor Exhaust fan 3 50 4 180 105000 108
14 Hindi centre, counselling | Ground floor Ceiling fan 1 72 2 180 25920 25.92
15 Passage Ground floor Ceilling fan 2 72 2 180 51840 5184
i6 Office First fioor ceiling fan 39 72 B 180 4043520 4043 .52
Office Firstfloor Exhaust fan 2 50 B 180 144000 144
17 BioLab1 First floor ceiling fan 11 72 4 180 570240 57024
i8 Bio Lab2 Firstfloor Ceiin_g fan 5 72 4 180 311030 31104
19 Bio Lzab3 Firstfioor Ceiling fan 4 72 4 180 207360 20736
20 Bio Lab4 Firstfloor Wwall mounted fan 2 50 4 180 72000 72
21 Bio Staff Room First floor Ceiling fan 3 72 4 180 155520 15552
22 Bio LabF First floor ceidling fan B 72 4 180 414720 41472
23 LCR Firstfloor ceilling fan B 72 4 180 414720 41472
LCR Firstfloor Exhaust fan i 50 4 180 35000 36
24 Room 12 First floor Ceiling fan 7 72 B8 180 725760 72576
25 Room 11 Firstfloor Ceiling fan 7 72 B8 180 725760 72576
26 Room 21A Second fioor Ceiling fan 7 72 B 180 725760 725.76
Room 21A Second floor Exhaust fan 2 50 B 180 144000 134
27 Room 21B Second floor Ceiling fan 7 72 B 180 725760 72576
Room 21B Second floor Exhaust fan 2 50 B 180 144000 144
28 Room 22 Second floor ceiling fan 7 72 8 180 725780 72576
Room 22 Second floor Exhaust fan i 50 B 180 72000 72
29 Room 23 Second floor ceiling fan 7 72 B8 180 725760 72576
30 Room 24 Second floor Ceiling fan 7 72 B 180 725760 72576
31 Room 26 Second floor Ceiling fan p 72 8 180 725760 72576
32 PhylLabi Second fioor Ceiling fan 7 72 4 180 362880 36288
PhyLabt Second floor Exhaust fan 1 50 4 180 36000 35
PhyLabi Second floor | Wall mounted fan 1 50 4 180 36000 36
33 Phy Dark Room Sacond floor Ceiling fan 2 72 4 180 103680 103568
Phy Dark Room Second floor Exhzust fan b 3 50 4 180 36000 36
34 PhyLab2 Second floor Ceiling fan 4 72 4 180 207360 20736
PhyLab2 Second floor Exhaust fan 1 50 4 180 36000 36
35 Phy staff room Second floor Ceiling fan 3 72 B 180 311040 31104
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1 |Passage Ground floor Water coolor 1 100 12 120 216000 0.1
2  |Passage First floor Water coolor 1 100 12 180 216000 216 0.1
3 biology lab First floor Autoclave 1 6000 2 180 2160000 2160 3
4 biology lab First flocor Hot air oven 2 1500 2 180 1080000 1080 3
5 biology lab First floor Incubator 1 300 2 180 108000 108 0.3
6 biology lab First floor Muffle furnaca 1 2000 2 180 720000 720 2
7  |Central facilty lab First floor |Ultracentrifuge 1 1000 2 180 360000 360 1
8 |Central faciky lab First floor HPLC 1 500 2 120 120000 180 0.5
9 Central facilty lab First floor Digital motic Microscope 1 300 2 180 108000 108 0.3
10 |Central faciky lab First floor FTIR 1 300 2 180 108000 108 0.3
11 |Central facilty lab First floor Centifuge 2 700 2 180 504000 504 1.4
12 |Central faciky lab First floor Sensitive balance 2 100 2 180 72000 72 0.2
13  |Central faciky lab First floor Laminar air flow 1 450 2 180 162000 162 0.45
14 |Central facilty lab First floor '_pH Meter 2 100 2 180 72000 72 0.2
15 |Central faciky lab First floor Conductivity meter 1 100 2 180 36000 36 0.1
16 |Passage Second floor Water coolor 2 100 12 180 432000 432 0.2
17  |Passage LTS Water coolor 2 100 12 180 432000 432 0.2
18  |biotechnology lab __ |Hot air oven 1 1500 2 180 540000 540 15
18 |biotechnology lab o Incubator 1 350 2 180 126000 126 035
20 |biotechnology lab | Autoclave 1| 6000 2 180 2160000 2160 6
21 |biotechnology lab Shaker 1 300 2 180 108000 108 0.3
22 |biotechnology lab S S Laminar air flow 3 450 2 120 486000 486 135
23 |researchlzb Fourth fioor Autoclave 1 3000 2 120) 1080000 1080 3
24 |researchlab Fourth fioor Hot air oven a| 1500 2 180 540000 540 1.5
25 |researchlab Fourth fioor \Vaccum oven 1 500 2 180 180000 180 0.5
26 |researchlab Fourth floor Laminar air flow 2 450 2 120 324000 324 0.9
27 |researchizb Fourth fioor Zeiss Microscope 1 300 2 180 108000 108 03
28 |researchlab Fourth fioor UV-VIS spectrophotomete] 2 100 2 180 72000 72 0.2
29 |researchlab Fourth ficor Centifuge 1 700 2 120 252000 252 0.7
30 |researchlab Fourth floor Sensitive balance 2| 100 2 120 72000 7] 0.2
31 |researchiab Fourth floor Laminar air flow 2 450 2 180 324000 324 0.9)
32 [researchlab Fourth fioor |pH Meter 1 100 2 180 36000 36 0.1
33 |researchlab Fourth fioor |Balance 1 100 2 180| 36000 36 0.1
34 |Passage Fourth floor Water coolor 2 100 12 180 432000 432 0.2
35 |Passage Fifth floor Water coolor 1 100 12 180 216000 216 01
36 |entirecollege all five floor Computers 562 100 6 180 60656000 60656 $6.2
Pumps Zround floor |pumps 3| 7500 1 200 2250000 2250 7.5
Lift all five floor ll.lfts 2 4000 6| 300 14400000 14400 8
91404000 91404 106.2?'
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B. Floor Layouts
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Figure 20: Campus Layout
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C.Sample Electricity bill of Jhunjhunwala College

. AWMV

J The power of service

_ PUBLIC SERVICE- f

W__r_v OF SUPPLY | JOTHER . __

PRINCIPAL RAMNIRANJA ZUNZUNWALA
COLLEGE

\

| OPP GHATKOPAR RAILWAY STATION
GHATKOPAR (W) near railway station

7 MUMBAI 400086

1

—
—

Mobile No. 99°***** 41
Email ID
Connected Load 0.88kW

To upcate your email Id and mobile no..call us on
19122 J/

O @ 8

—

B ACCOUNT NO.
150513306

—

~ BILLMONTH
DEC-19

~  DUEDATE’
05-02-2020*

m_mo_nao | smues EARNED
m:..__mmI 980

| DUE AMOUNT ¢
2890.00¢ |

| Earn Points on E-payments/
ﬁ NEW Cashless Payments. Piease login

to Adani Electrigity Mobile App to
view/redeem points (Electric
Smiles) sacned.

This electricity bill peither reflects a title nor is to be used as a proof of ownership of any nroperty or premises,

4 u _DISCOUNTED BILL AMOUNT
Round sum bill payable (after discous

L LATE PAYMENT BILL AMOUNT

Round sum bill payable (including
_ DPC of ¥ 3604 ) after due
i date 05-02-2020 T292000 ¢

“Refecs only 12 cument Sl ameunt
Previous balance is paysbie immececely.

*Pavable Uil one manth after Gue cate, thereafter
ntecest arpicabie a5 o MERT (oo ocder

o
U S ...

NER

P W ey

Join us at www swachhagraha.org
to be part of our cleankiness drive

JES adani

m_moc._o__u\

r-605.

/INTERNAL GRIEVANCE REDRESSAL CELL (IGRC)
1) Titak Nagar, Road No. 3, Chembur, Mumbai - 400 089

SCAN CODE TO PAY YOUR BILL VIA UP1
Use any bank / UP1 App

24x7 Powerling

saa.m

01912

B : + Fax: 30092022 i) Sakinaka Junction, Andheri-Kuria
listening. Road, Mumbai, - 400 072

For power SMS POWER <9 digit account no.> ta www.adanielectricity.com
Interruption 7065313030 from any mobile no. com
ocau_"un:! Give us 2 missed call on 1800 532 9998

fi istered mobil X
n_”-!b.w_.n rom your registeres e no. Joinus on,

Whatsapp POWER <9 digit account no.> ° ° @ 9

t0 9594519122 from any mobile number.

Bill No. 101264230564 Bill Date 15.01-2020 Type of Supply LT

Bill Distribution No. EAST/EZ1-POWAI /23/123/26/026/001 Cycle No. 23
YOUR CURRENT CONSUMPTION
o oy~ e G T
Prese: Previous Cons: oo
number Factor (MF) Pres _.” Koo ?l.ﬂ.rdc»u.. ) o
LY(8) 876305 i 2076700 T 19946160 A6 1414.40 365.00
Total 221 1414.40 365.00
TRACK YOUR CONSUMPTION (UNITS) H 5
'q R © 13Lad earth ledkage Protecion Sevice 1o 3anclioned Ioad Tew
202 adove to prevent harmiul slectric shock.
- Nov1o 480 © ASGIona Secunity COPOSR Cemanded along with Apnl 2019 bilt
36 urgaid Rs 550.00
- © Tentative Meter reading aace for your Jan-20 Bt is 1WVD2/2020
Oct-19 a6 ® Pierse Check / Update your PAN 21g OSTIN rumber by weiting
- noarest Customer Care Conter of emall to
Sep19 98 || w ekl S g
- Auge 108 “ “m"h~"nniﬂllﬂ.hn§ $IOmLed B Conmactly prioted on
- ]
Juk9 296 w
= Zm - “ F s
un-19 ns
20F89 [ e 300|| BN COLLEGE, GHATKOPAR
uw..nunﬁguo [ Apr19 30 HWC?.LN A1-400 086, *¥**
o a
[ a9 sell iy . £D No. _ ﬁ O
Dec19! Decas Feb9 w
™ Janag 3as | TE | ﬁ..\o | \ 2026
L J | PR
SIGNATURE 2t

(€3] mam:.

——— DOCtND

Electricity bill payments,
now more convenient.
Introducing the GeniusPay outlet in your locality.

geniuspPay

PAYMENTS MADE SIMPLE

7AMto 11 PM

Abr in recelpt: W for thegue. T for cash. €20 £ Conscaciated stame duty pasd by order na 2 Aveetne

19 .:Xa n us»»rng
Bibtoesono.omony gl

S
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D.Sample Water bill

Creque Reisuecl -

e mEg furin s e

i
!
1
:
i
4211:2018,10:20-02:2007 | (o) G s SEREIREEET
22082016 10 22-14-2016 '£2242 | | SFaweEiE KYC 59 SeamEr
i
:
1
1
1
I
1

23-05-2015 10 2208-2016 [ 2218

2402.2016 10 23-05-2016 ‘ 2189 I
211172015 10 24-02-2018 ! 2315 '
@ <

i ¥) “Rrhanmumbai Mahanagarmpalika” T
AR CIGY TR 4 YRR O
TSl FHiE a Hard FaT e
4) mEARe SAC/UID @Him faum
Foemcda SEre oftdar (Seem)

" e OO TR
B e i
equrirades tions mutmww_m SHTTIBTEIE KYC AU igamEar

g—% JAssianEngnex (Viater Wodsafespine 6) To make Payment through NEFT
T s T Bun W Cod MU FTE IFSC Code - SBINOCOLLEC

FETRRY 3T T T SRR SR i K 9 aden
e ¢S e eems ne@mcgm gonn AJC. No. <« BMCWCO0000NXAGE170008

WA s waR FE @ L Pt mome Vame - MCGM Water Charges v
iz (e, ) ST SR ST MO A

'-!raazwm.'mm:..% Wed

NXAG6170008 N 046/185
PRINCIPAL ©0337FQ.
RAMNIRANJAN JHUJUNWALLA COLLEGE GHATKOPAR
V/EST BOMBAY 400086
VN0 - DUND3E3

Lm&mwﬁmwmmmmmmmmwmwﬁ.

RVAG2Merd

018 to 22-02-2019
12-04-2019
(Current ?;I)I Amount) 18552
s A e s S ggms
(Excess Credit Amognhas,gadate)

Bill Process Date

i n?'»v'

R

SAC : 999111 GSTIN : 27AAALMO042L3Z4
SarEll urer wR an oo NXAS17T)0§§3CM
PRINCIPAL, RAMNIRANJAN JHUJUNWALLA
COLLEGE GHATKOPAR WEST BOMBAY faum (war
400086 N-WARD
fum*qra: (Bill No.)
319HEW1336710
=i / g8 &, e sifufian &
169 0% [ (8 Dates
N 046/185 Al
&fes e (faex) - T/ S/ s
% s 0 SISO AT
40 (m=2)
TEHGS HIEH TN TS HER
P 222 40 ma
anfte feiw/ o (fedt)  Ramm Reas/ass (et 9o% 733§
26-11-2018 22-02-2019 \Srerag (ges)
0
. 0 3732
- P 0
; SHidiead e (Addinenal Ch
frmmaw () T/drarE @A)  rmaaw (G@) SR /
- 2144 - 0 iy 2144 f6ZTm 355 I9FH (Current Bill Amount) (‘ 8552
: i s s Sotat y ¢
= Fd - -M ;oﬁ1 - o G?g &)z arE Tl (Previous Cutstanding
R“R & TTHT T&DH (Credit Amount) 0
tm‘ia Epeacac ol | (F&) weaT=AT G Q01 34 TGEH (Total Payablz Amount) 18552
2108-2018 0 26-11-2013 ' I, ﬂ) :mmﬂﬁﬁﬂ%mm
2102.2013 10 22052013 | 2193 I Q) T g
s 8 { | G Seaient aad ma'i'cm NXA6170008
2211-2017 10 21:022013 .,f 2217 /?92' M 24 x 7 T app R T e
‘ T AT e SaTa G e Iveed 8,
21-98-2017 to 22-11-2017 !2266
: e a3 YA e G MO R 4R,
20-05-2017 to 21-08-2017 i 3) 37 i | LT Seardl HiRd! fasa
0022017 020082017 [2169 — | isa freraeicn TEeH AAre T 4 3-

o«
e Sifirgan

ey
()ummumamawv”ﬂa
FEOTAT $SE TS T T HfutEs wes ary
mﬁﬂm)ﬁm’mgﬁﬁ—é—g .
(3) Qrzvgamdy Fael SedsuEa FeE SeEE 8
TIEIGAT § 397 T4 SEONECaade Eevl SIS & aneanan
TS FIRUTES] ALEE (EXM, RVS, MMR, TPR) S5HETTS oard]
a:n:'mﬂ""’am%m#mmﬁ?mm
1 3 /G T 3 YW S arlE 9 eI 5L
\s\s-ww—.mm-w—m. s e 78 A e SR,
g fipfen gredia TEa o mETE) v a,

+ Available Security Deposit:} ¢ null
(Sueren emmTa oo d:) null

ud

TTARITETS! T <~
Asst. Enginesr (Water Works) N Ward Municipal Office
Bldg.,(Annex), Jawahar Road, Ghatkoper (E),Mumbai-400 077.

=l 25010161/65
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E. A Branch of Safai Bank of India - Multi Layer
Plastic collection
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F.Certificate for E-waste Recycling
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G. Energy benchmarks for Commercial Buildings

Based on the data collected from different
categories of commercial buildings, the following
tables show the indicative EPI benchmarks.

EPI benchmarks for Office Buildings

EPI benchmarks for Hospitals
‘Wam & Hunsd 275
Conpomte 264
Hot & Dry 261
Moderate 247

EPI benchmarks for Hotels

EPI (kWh'nm'/yr)

Warm & Humid 215 333
Composite 201 290
Hot & Dry 167 250
Modemate 107 313

EPI benchmarks for Institutes

Moderate 129

EPI (kWhintyr)
Warm & Humid 101 182
= e % EPI benchmarks for BPOs
sy | [ Gt 7 enomwwng |
> 7 ) ‘Wam & Hunad 452
' Composite 437
EPI benchmarks for Shopping Malls Hot & Dry 5
Moderate 433
Warm & Humid 428
Composite 327 Disclaimer : The EPI benchmarks should be considered as
. = an Indicative figure as it largely dep upon the operating
R S TNy 28 hours, energy efficiency measures, sample size, climatic
Modenate 257 zone and lack of detailed information by building owners.

= gef

Energy benchmarks
for
Commercial Buildings

A% .

Bureau of Energy Efficiency
42 Floor, Sewa Bhawan, R.K. Puram,
New Delhi — 110066
‘Website : www.beenet.in
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H.List of Vendors

Solid Waste Management

Ms. Jyoti Mhapsekar,
President,

Stree Mukti Sanghatana (SMS)
Mobile: +91 9867724529

Chembur Center

Room No. 14 Santiniketan Chawl,
Postal colony, Next to BD Shukla school
Chembur, Mumbai - 400071

Phone: 022 65745837/022 25274588

Email: smspv123@gmail.com

Govandi Office

Ahilyabai Holkar Marg, Near Jafri High School bus stop,
Govandi- Mumbai - 400043

Phone: 022 65745840

Email: smspbvs@gmail.com
Solar PV panels

Avesta Solar

Dossabhoy Manison A,

Ground floor plot no. 796, Jame Jamshed Road,
Dadar East, Mumbai - 400014

Phone: 09819867196

a

1

)

2
'
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2 . Solar Photo Voltaic System: Inspection and

- Maintenance Process Document

] 1. General Checks and Inspections

f : |
] a.

Roof drainage to be adequately designed and maintained to allow the
Rainwater to Flow out from the Solar PV System area.

Check for ground erosion near the footings of the System

Electrical enclosures to be accessible to authorised personnel only
Inspect for corrosion on the Array Structures & outside of enclosures.
Check for cleanliness throughout the site to ensure that there is no Grime
and dust in and around the inverter pad area or elsewhere

Ensure No loose hanging wires in the array

Check for signs of Bird’s dropping infestation over the array and attend to

it immediately by cleaning.

2. Modules

Condition Based Monitoring is the Best Management Practice for Maintenance of

Solar Array. Modules need the maximum amount of preventive maintenance, and

L] cleaning activities are majorly concentrated around them.

] a:

—

Frequency of cleaning: Ideally Once a Week an inspection of Array to be
carried out. Cleaning frequency To be decided upon the location and
seasonal variation.

Water Quality: The cleaning of the modules is done keeping in mind the
TDS (total dissolved solids) levels, water specifications and certain wiping
details. In India, the TDS level of the water needs to be at least below 250
parts per million (ppm). The chlorine (less than 250 ppm) and calcium
(less than 250 ppm ) level of the water, as well as the electrical
conductivity, is kept in mind while carrying out the cleaning. Water
quality is tested after every six months to ensure that set standards are

maintained.
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c. Quality of cleaning equipment: Fibre cloth / Soft Brushes to be used to Ul
avoid abrasion on the Glass surface. For Bird Droppings / Stubborn Stains

consult OEM for approval of cleaning chemicals.

d. Drying of Washed Surface : is of prime importance to avoid leaving Wash 0
marks and dust getting stuck to the wet surface. 0
e. Automated Cleaning System saves 50% of Water used and improves 0
system’s Efficacy @ 5-7%. Cleaning is programmed on daily basis.

As the system is costly it is slowly gaining acceptance in the industry. Cost 8
justification is challenging for Smaller Capacity systems 2
0
3. Inverter 0
a. Inverter is hi-Tech device in the entire PV System. Follow the 0
instruction of the OEM and leave Checking and Servicing to the OEM 00

or their approved Service Vendor. ,
b. Annual Health Check-up of Inverter is strongly recommended. -
c. Continuous (daily) Online Monitoring of the Data @ Inverter will 2
convey the health of the Inverter. In case of any change in Generation &
pattern to be immediately communicated to OEM for check-up. &
d. Installation of the Inverter to be done as per the OEM’s guidelines and a
ensure it’s protection from Rain Water, Lightning. Proper Protection 0
to be ensured. 8
e. ACDB (Alternate Current Distribution Board) is a unit which is -
installed & integrated with Inverter for Solar Power Output to the .
Premise. It’s protection protocol should be similar to that of Inverter. -
f.  Annual Health Check up should include but not limited to following &
i.  Checking connection of Wires at Terminals §
ii.  Testing Voltage / Current through the Array strings O
iii.  Inspection of moisture ingress in the Terminal boxes etc. 0
iv.  Functional Testing of online communication devices like M

routers, metrological devices.

v.  Setting at the Inverter

Roshni Udyavar & Associates, September 2021 1



4. Cabling & Connector
a. Ensure that there is no gap between the male and female connector

pipes. Any gap, irrespective of the size, could cause a fire and damage

the modules.

5. Lightning Protection
a. There shall be the required number of suitable Lightning Arrestors
installed in the Array field. Lightning protection shall be provided by
use of ‘Surge Protection Device’ (SPD) and suitable Earthing such that
induced transients are routed through the Earthing path and not

impact the Solar Inverter system.

6. Earthing Protection
b. Each array structure of the PV system should be properly grounded in
addition to Lightning arrestor grounding. Provision to be kept for

shorting and grounding of PV array at the time of Maintenance work.

7. Rain Protection

a. Inverter and ACDB are installed besides the Solar Array on the open
Terrace.

b. Rain cover Shade or better to provide Enclosure over the Inverter and
ACDB to avoid direct exposure to Rain Water and also help avoid Dust
Ingress.

c. All the Enclosures should be IP 65

d. Sealing (Water proofing) of Inverters, ACDB, Terminal Boxes to be

thoroughly check prior to onset of Monsoon.

8. Remote Metering: Monitoring the solar PV panels consistently is the

cornerstone of the O&M of a solar power plant
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a. A“check meter” of equal or higher accuracy with reference to the .
main meter to cross-check the production level on a regular basis is O
highly desirable. All readings must be, more or less equal, with a 2-3% t
correction allowance. 0

b. A solar power plant constantly needs to be monitored to detect o
breakdowns and optimise its operation. Online Monitoring System (]
will go a long way in ensuring the ‘Operational Efficiency’ of the O
system. £

c. System should be capable of executing following function Ei

i.  Individual Array Monitoring 0

ii. Measurement and Recording of Energy and other Allied 0

parameters 0

ii. ~ Operating state monitoring and failure indication n

9. Safety -

a. Operations, Inspection & Maintenance work to be carried out by &
Authorized Trained Personnel ONLY 8

b. High Voltages are prevalent at the Arrary and Inverter. O

c. Before Initiating any work on Electrical Device (Inverter, ACDB, #
Terminals at Solar Array) Switch OFF the System. -

d. -Do not open the inverter when Powered ON. To be done by authorized J
person only. Lj

e. All the wiring and connectors to be properly harnessed and routed L
through Cable Trays. U

O
0
&
O

m
Ld
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J. Energy Auditor’s Certificate
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K. BEE Master Trainer Certificate

ENERGY I8 LIFE

1 -fi
CONSERVEIT

FHoif caidl o2t
BUREAU OF ENERGY EFFICIENCY

faga #3rea, 9Ra WRER
MINISTRY OF POWER, GOVERNMENT OF INDIA

wHIfora fan s @
;‘}?Fﬂ’ Be A '7}1"6/&3 3 Toif waor wa o SRa

Certificate Pu;oércmnle conducted by MNIT / CEBT /T
ﬁmiﬂm&_&m_ﬂéﬂaz&_ﬁfmﬂ\emmﬁmmmm%

o Reeehl, 2 %pal ‘15
)k New Delhi, /2 Zefioasy 15
(74
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L.BEE Empaneled Expert professional

ENERGY IS LIFE S Ea/Tdr a{fr - . Y ‘ 0

PRt i

(vra wra, faea wenera) giowio PO »
l
BUREAU OF ENERGY EFFICIENCY ; t]
C‘NSERVE IT  (Government of Indiay Ministry of Power)
F.No.09/06/07/IMPL/ECBC 1A U4 28" March, 2016 l—‘]
Ms. Roshni Udyavar Yehuda G

Rachana Sansad's Institute of Environmental Architecture
278, Shankar Ghanekar Marg, Prabhadevi
Mumbai - 400 025

Sub: Energy Conservation Building Code — Shortlisting of Architects/ Consultant n
reg. | 7

Dear Madam,

This has reference to your application for shortlisting of Architects/( ansultants for {
implementing the Energy Conservation Building Code (ECBC). We are pleased to
inform you that you have been shortlisted to act as the resource person of|the Bureau of l
Energy Efficiency (BEE) for helping in building technical capacity and develop
compliance procedures and tools for the effective implementation of the ECBC. In [
addition, you would also be expected to advise design professionals in nTnodifynng the
standard specifications so as to correspond with the Code requirements. | |

We would like you to send in your acceptance to being associated \&ith the BEE

in providing technical assistance to all those seeking to adopt Energy|Conservation []
Building Code. .

8

Yi)urs faithfully, D

| B

L] -

$anjay Seth) ¥

Energy Economist

[ ]

.

L
vafga va wefda § Swil a9 Save Energy for Benefit of Self and Nation ! ‘ Lj
4

~F
den @, W@ WaH, ARo Bo gvw, T fAeell110066 ATWEE/Website www beeijdia in
4th Floor. Sewa Bhawan. R K Puram, New Delhi-110 066 2&f1/Tel.. 26179699 (5 Lines) $a1/Fax [11(11) 26178352 U
|
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M. Renewable Energy Mashav Course Certificate

B MASHN

This certifies that

dr. shni Udyavar Yehuda
: India

fully completed a course on
s a Catalyst for Regional Development
18t - December 7, 2018
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