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Energy Auditing in Electrical Sciences Block
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Abstract— The energy consumption has seen a vast increment
because of which the use of non-sustainable sources has
increased drastically. Due to this steep increase, the need of
energy auditing and conservation has also increased. Growing
demand for energy directly increases emission of effluents,
causing environmental catastrophe. To tackle this problem a
collaboration between energy audit and conservation conservation
of energy is required. Energy audit is a procedural approach
which is used for a clear description of the energy flow and energy
management. This collective data helps in calculating the
efficiency and minimizing operational cost. The aim of this project
is to carry out the energy audit for the Electrical Sciences Block
(ESB) of SRM INSTITUTE OF SCIENCE AND
TECHNOLOGY. The main purpose of the following literature is
to give a clear picture of the energy details of the ESB block.

Keywords—conservation, pvsyst, standalone PV system, energy
auditing.

I. INTRODUCTION

The need of sustainable sources of energy has seen a steep
increase in commercial applications. The use of solar energy
as an alternative source of conventional systems is one such
application. This paper pitches an idea of implementation of
energy auditing and the need for conservation of energy.
Energy audit helps in reducing the dependency on
conventional sources of energy and can be used to switch to
alternate source of energy with pre-defined calculations
[1].PVSYST is a software package which offers wide range
of facilities of designing, sizing, data analyzing of complete
PV System to engineers, architects and researchers. It can be
used for various PV systems for variety of uses as configured
by user settings menu. It offers a user- friendly approach with
a guide to develop a project. For making maximum use of the
simulation, real time data are to be taken and followed up
with subsequent iterations.[2]

PVGIS estimates of solar electricity generation

Solar radiation for the location potheri SRMIST data is
collected from PVGIS-CMSAF .For the system considered
the following values are tabulated. Electricity production
daily average in kWh, Electricity production on a monthly
average in kWh,Sum of global irradiation received in
kWh/m2 is also recorded.Table 1 depicts the solar radiation
data for potheri SRMIST location. Fig. 1 shows the PV
estimate and fig. 2 shows the irradiation estimate for the site
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selected.
Table 1 : Solar radiation data for Potheri location

Stationary system: inclination=0°, orientation=0°

Month
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Fig. 1 PV estimate
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Fig. 2 Irradiation estimate

The features of pvsyst are listed below:

1. “Metronome inside”- Provides the location on earth
with the help of google map tool. Provides monthly meteo
values for any site with the help of interpolating possibilities
of meteonorm 6.1.

2. New Project Management and simulation process-

Offers new project management dashboard along with
direct access to all parameters, simulation and results in a
single dialog.

3. Improved shading calculations

4. Detailed electrical shading losses

5. PV Modules

6. Inverters
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Fig. 3 Input Parameters of PVSYST

SITE SELECTION

Factors affecting site selection:

« Area should be less than 150 metre square.

« It should get direct sunlight for longer duration.

+ Should not be situated near tall trees and building to not
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get shadows.
« It should get direct sunlight from 9 am to 3 pm.

Il. FRAMEWORK FOR DESIGNING
STANDALONE SYSTEM.

A literature survey of the entire building was tabulated
according to the types of the loads present. Most common
loads were fluorescent lamps, Ceiling Fans, LED bulbs etc.
Also, the standard losses exhibited by the PV systems and the
auxiliary system were taken into account. Fig. 3 shows the
line graphs of the load distribution in the staff rooms and
classrooms. The majority of the loads present in the
staffrooms as well as classrooms are fluorescent lamps,
ceiling fans, Air conditioners. All the ratings and the outputs
should be in compliance with the rules and regulations. It
helps in improving the system efficiency[3].The following
are the losses taken into account before designing the system.

*HEAT LOSSES-The analysis simulates with a series of
gradual stages determining the behaviour of the system under
losses due to heat generated at each and every individual
stage, this helps in operating of instantaneous temperature
operating in PVSYST. The thermal balance includes heat loss
factor.

*WIRING LOSSES-the wiring loss includes losses due to
ohmic resistance of the wire and helps in determining the
instantaneous changes in these losses. As wiring loss behave
as square of the current, a default global wiring loss fraction
of 1.5% by respect to STC is used.

*MODULE QUALITY LOSS-It is mainly based on the
reflection seen in matching the module with real time
application that is by respect to the manufacturer’s
specifications.

*MISMATCH LOSS-It gives the details about the losses
related to the 1/V characteristics of the PV array or module.
This parameter acts as a constant loss in simulation process.
These losses can be nullified when the when the modules are
sorted according to their real performance.

*SOILING LOSS-This effect is more prominent in hot and
humid climatic locations and also near the railway services.

*IAM LOSS-The incidence effect determines the decrease
in the irradiation reaching the surface of a cell to that of the
irradiation at a normal incidence. Let us assume that an
isotropic diffusion has taken place and now the IAM factor is
calculated by integrating the selected spaces and thereby
including the low incidence areas.

USES OF PVSYST

PVSYST is the most powerful tool used for designing
Photovoltaic system. The following are the advantages in
using this software tool:

* It produces various simulation results that helps us in
comparing them with the the real time needs.

* The energy auditor can define various specific attributes
and can view various outputs like thermal characteristics, PV
output quality, mismatch and also statistical attributes of the
actual site where the installation of PV has to take place.
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* The loss diagram is an pictorial representation of the real
time losses occurring in the system which help us in
determining the modifications to be done in the design.

* The pvsyst consists of a tool specifically designed for a
brief financial analysis which gives the approximate
investment to be done for the design.

* The results of the pvsyst can be graphed or tabulated
which helps in maintenance and systematic organisation of
the output data.

I1l. LOAD DISTRIBUTION
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Fig.4 Class Room and Staff Room Loads

The above graphs shown in fig 4 depict the power
consumption of lights, fan, air conditioners which are used in
the class rooms and laboratories.Standalone System
Parameters

The geographical site chosen for the standalone system is
Madras. The chosen place has latitude of 13.07N and
Longitude of 80. 25E.The system to be used is a standalone
system with batteries. The main objective is to provide
147kwh/day. The PV system has the following specifications
as shown in fig 5. Successful Energy management requires
the establishment of a system to collect analyze and report on
the Energy costs and consumption [4].
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PV Array Characteristics
PV module S0 Mooel  ZBR-150M5
Oegral Plisyst detabase Manutactoe  Zetea Ensrgy

Nurbar of PV modales nsems 4 modues hpaald 55 stergs
Totul rumer of PY modues Nb modiles 20 Urd Nom, Powsr 180 Wp
ATay ghobal power Nomsewt (STC) 403 WWp Aloperateg cond. 3590 (N0'C)
Aray opacating characiestcs (50°C) Unpp 18V Ingp 2804
Totel rea Modue wea 208 ' Clama 26nf
System Parameder Systen hyoe  Stand akone system
Battery Model  $12-55 AGM

Marvtachon  Rols
Batlery Pack Oranaciensicy Ao ofusts B senes £ 30 2 paale!

Volage WV Nomwal Capacty  T115 A0
Dachargog mn SOC 100 % Stored scargy  506.4 AV

Terpstare  Fand 20°C)
Controller Moosl  Uneversal coobober with MPPT comerder

lechogkgy  NPPT converter Tergcoell 30 mi"Cinlent
Converter M aed EURD effosaces 970/950%
Batery Macagemartcordd  Thveshod comnands ae  SOC calodaton

Chargeg  SOC 094080 o pprox 153/985Y
Dschagng SOC-010/035 e spprox B02/887V

Fig.5 Standalone Grid Parameters

STANDALONE SYSTEM USER NEEDS

Modern and advanced energy efficient appliances are
highly needed to substitute the conventional ones.[5] The
system needs to provide enough electricity to power 138
fluorescent lamps rated 36W each,138 tube lights rated 36W
each and 138 ceiling fans rated 60W each. The running time
for the loads is given as follows.8 hours for ceiling fans, 5
hours for fluorescent lamps and 6 hours LED lamps. The
above running time is defined on the basis of the average

daily consumption.
[Project : Energy Audn
‘ Simulation variant:  New simulation variant

Main system parameters System type  Stand alone system with batteries

PV Fieid Orientation tit 30° azmuth 0

PV modules Model ZBR-180MS Prom 180 Wp
PV Array Nb, of modules 224 Prom total  40.3 KWp

Battery Model $12-95 AGM Technology Lead-acid, sealed, AGM
Battery Pack Nb.of unets 744 Voltage / Capacty 96V /7115 Ah
User's needs Daily household consumers  Constant over the year Global 44.1 M\Wivyear

Daily household consumers, Constant over the year, average = 121 kWhiday

Annual values
Number Power Use Energy
Lamps (LED or fluo) 138 36 Wiamp Bhiday| 29808 Whiday:
Tubelight 138 36 Wiapp Shiday| 24840 Whiday
Fan 138 60 Wiapp 8h/day] 66240 Whiday
Stand-by 24 hiday 24 Whiday
Total daily energy 120912 Wniday
Hourly profile

Fig.6 Hourly Load Distribution
The graphs in fig 6 basically show the hourly consumption
in a single day and the total power consumed by each of the
equipment.
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IV. SIMULATION RESULTS
The simulation result in fig 7 shows all the necessary data

Main system parameters System type
PV Fiedd Onentation ui
PV modules Model
PV Amray Nb. of modules
Battery Model
Battery Pack Nb. of ursts

User's needs

Main simulation results
System Production

Dasly household consumers

Available Energy

to be provided for the assembly of the standalone grid. The
simulation results along with the power generation graphs

for each month is shown below.
Stand alone system with batteries
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Performance Rato PR
Time Fracton

Cydes SOW

Battery Wfetime

Loss of Load
Battery ageng (State of Wear)

Investment Global ind. taxes
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Constant over the year Global 44 1 MWh/'year
58015 kWhlyear Specific prod. 1439 KWh'kWp/year
44133 kWhvyear Excess (unused) 11381 KWh'year
5769 % Solar Fraction SF 100.00 %
0.0 % Missing Energy 0 kWhiyear
95.8% Static SOW  90.0%
10.0 years Cost of stored energy  19.2 INRAXW
3839900 INR Specfic 952 INRWp
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Fig.7-Simulation Results

The total number of PV modules required is 224 .The
Standalone grid shall consist of Lead Acid Batteries with 744
units.The total Voltage of the grid will be 96v/7115ah.The
Excess Energy that is produced can be exported to the grid.

The data calculated has been considered on the basis of
average monthly solar irradiation. The energy audits need to
be performed every 4 years for continuous monitoring of
consumption [6]. The following table in fig 8 gives the brief
data analysis of the energy generation,which can be further
classified as unsused,used,missing energy as well as the
parameters considered with respect to the requirements of the
user.
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New simulation varlant
Balances and main results

GlobHor | GlobEftf | EAvall | EUnused | E Miss EUser | ELoad | Solfrac
KWhim' KWhim? Wh kWh kWh KWh KWh
January 149§ mr 5606 6 00 618 4518 1.000
Fabruary 1649 1850 5766 1410 00 4081 4081 1.000
March 1688 1852 48 17 00 $£18 4518 1000
Aprll 180 1708 s2r 168 00 an 4an 1.000
May 1928 1519 4708 0 00 #18 4518 1,000
June 168.0 1307 0z 0 00 a3 473 1000
July 1608 1263 4000 0 203 3089 4518 0483
Avgust 1617 1311 Lk} 0 173 a7 4518 0462
September 1607 1508 & | 00 Lp 013 1000
October 1377 17 4309 0 00 613 4516 1.000
November 155 1267 408 0 5681 3405 013 0470
Ducomber 1241 1441 4579 0 00 4518 4518 1000
Yoar 18274 18368 47588 4 12687 51631 53194 0878
Logends:  GlobHer Horizontal global iradiaton E_Mus Missing energy
GlobEff Efoctve Global. corr. for [AM and shadings  E_User Energy suppled to the s
E_Aval Avafable Solar Energy E Load Energy need of the user (Load)
EUnused Unused energy (battery full) Solfrac Solar fracton (EUsed | ELoad)
Fig.8 Irradiation Distribution
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Loss diagram over the whole year
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Fig.9 Loss Diagram

The losses in the standalone system can be briefly pictured
in the loss diagram in fig 9 .The loss diagram is a yealy
pictorial data describing all kinds of losses which might be
due to the PV,Batery,Power Converters Over a span of one
whole year.The paramerters important for consideration can
be classfied into two systems,main systems and standalone
systems.The main system consists of paramerters related to
PV cells and their orientation,the orientation is of PV celss is
tilted ant an angle of 30 degrees while the battery pack used is
a lead acid Battery consisting a battery pack of 744 units.The
vitage capacity being 96 V/7115 Ah.The users needs has
been considered and losses has been calculated by pv
syst.Considerabe losses has been observed due to high
temperature of the pv which is abut -13.67% The converter
loss during operation is about -6.1% while the battery storage
gives on an average about-5% loss due to efficiency,gassing
current,self discharge current and its own loss . Considering
the following parameters, Energy Auditing is very successful
in improving energy efficiency and cost effectiveness and
also reduce the energy gap.[7]
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Project : Eneegy Audit
Simulation variant:  New simulation variant

Main yysten parameters Systers e Stand alone systom with battenes
X

PV et Orertatior e 20w
BV modules Mode! 28R 180NS L
BV Avay o of rodules 228 Prom ket 433 kiNp
Batery Model S12.85A0M Tedooogy Leadacd seaed AGA
Salery Pach oty TS Volage ' Capacty 9YITHS AR
Jser's teedd Diady housetudd consumens  Comtaet over T poir R
Imvestmect
PV modsies {Poom = 130 Wig 224 unts BR ot
Soots | tegratr 225 R modde
Bafteces |12V 17 AN & ASE0 MR ot
cortobe
Settogs. wrrg

SOt underwart MR
Gross investoent w0l Lanes| 3500 INR
Fioancing

Goss rvestnent |wlhou! taves
Tames on rrvestment (VAT

Gooss owestmeet |nckudog VAT
Sutrades

Not arvestment (al taxes inchuded)

Rage 150%

Arites
Nanterarce
ORSaNe. M0 Sors

Proeson o tafiery replacenent debme 10.0 yams)

Total yearty cost

Eneegy cost
st SOMN ereY gy
Esvess energy (basery 44

Fig.10 Economic Evaluation

As observed, the following method helps in reducing the
electricity bills. A steep decline of 15% is observed[8]. The
above table in fig 10 includes cost breakup for the installation
of a solar panel. The initial investment for the instalation is
Rs 3426000 without taxes and by including the taxes and
excluding the subsidies the net investment for its installation
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is Rs 3839900. By taking the maintainence of the panel,
insurance and the annual taxes into consideration the total

International Conference on Recent Advancement in
Electrical, Electronics and Control Engineers, 25-29,

yearly cost would be Rs 608124. The solar energy used 2011.

would be 44.1 MWh/ year and the excess energy consumed is
11.4 MWh/year. The total used energy cost is 13.8 INR/KWh.

V.CONCLUSION

This paper infers an energy auditing study that is
performed for the electrical sciences blocks of SRM institute
of Science and Technology. This study demonstrates that the
present electrical energy usage of the same can be reduced by
switching to a standalone grid thereby reducing the
dependency on the grid. In addition, the surplus power
generated can be exported to the power deficient areas or can
be net metered and incentives can be availed.
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