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Abstract — Electricity has become the lifeline of modern society,
Homes, Offices, Industry, Schools, Hospitals, Transportation,
Communication, Road lighting, Markets all depend on reliable
Electric Supply with cheaper Prices. Life comes to a standstill
without electricity. Electricity has become an integral and
inevitable part of every body’s life. In all the energy sources both
conventional and non-conventional, Electrical energy is the
cleanest form of energy.

Electrical energy is converted from various forms of conventional
and non-conventional energy sources at suitable locations,
transmitted at high voltage over long distance and distributed to
the consumers at a medium or low voltage, however penetration
of renewable energy and interconnection of  Distributed
Generation at distribution lateral the losses could observed is
very high, hence goal should be efficient means losses in the
distribution should be as less as possible and should deliver the
quality power to the customer means the voltage should not
contain any harmonics, it should not contain any sags, swells or
flickers.

The Cardio and Neuro Science Centre in AIIMS are very vast
distribution system having three no 1.6 MVA Distribution
Transformer and fifteen no outgoing feeder in main LT Panel for
providing the electrical power to various of sub-section of
Emergency and normal area through power cable. Hence
determination of Energy loss is required at distribution level due
to load current and source voltage and achieving for reduces the
monthly energy bills consumption as well as compliance of
electricity regulation of power quality and reliability indices,
standards of performance of grid stability and environmental
obligations such as carbon foot print reduction.

Index Terms — Energy losses; Load Current; Source Voltage;
Strategies to reduce monthly Energy Bills.

l. INTORDUCTION

Determination of losses in low voltage (LV) side of
Distribution System in hospital area is required as their lot of
medical equipment are used for patient care, for running these
medical equipment various speed drive, Single phase UPS,
which creates more unbalance in downstream lateral causing
producing harmonics pollution, excessive neutral current, long
run cable contributes higher source impedance and hence
higher voltage harmonics are produced due to various line
losses and voltage losses are happening on account of load
current and source voltage [1].

There are Electrical Distribution System in Cardio Neuro
Science Centre in AIIMS, having 3 Nos 1.6 MVVA Distribution
Transformer and 9 Nos O/G feeder for providing the electrical
power to various area Viz Cardiothoracic and Neuro Science
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sensitive and critical medical equipment.

The power distributed from main LT panel to different
location through power cable connected between O/G feeder
to load end. The total Energy consumption for year
April/2021 to Mar/2022 in Cardiothoracic and Neuro
Science Centre is about 4153241.90 KWH [7].

1. MODELLING OF LVDISTRIBUTION SYSTEM

The Low Voltage grid is composed by three no 1.6 MVA
Distribution Transformer and 9 Nos O/G feeder and laid
aluminium armored cable of size 3.5X 400.0 sq. mm/ 3.5X
300.00 sg. mm/ 3.5X240.0 sg. mm/ 3.5X185.0 sg. mm/
3.5X150.0 sq. mm/ Single core 150.0 sg. mm armored cable
for power distribution to different section of LT panel from
where load is connected as details of the SLD of Fig.1 [7].

A. Single Line Diagram of LV Distribution System
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Figure 1: Schematic Diagram of Main LT Substation CNC

Centre, Cardiothoracic and Vascular Surgery (CTVS), Neurog Rating of Transformer

Surgery, Catheterization Laboratory (Cath Lab) having very
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Using Name Plate of Transformer, the date is collected in

Table No 1.
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Table No 1: Parameter’s value of Distribution Transformer A. Classification of Energy Losses

Rating (MVA) 16 There are two type of Energy Loss in LV Side of Distribution

Rated Current (Amps) H.V 83.98

LV 2225.93 System:

Rated Voltage (kv) Y i e Energy Losses Due to Load Current;

Frequency (H2) 50 e Energy Losses Due to Source Voltage.

Impedance volt (%) (%) 5.8

Types of Cooling ONAN

Maximum total Losses at 50 % Rated Load (watt) 4200 1) Energy Losses Due to Load Current

Maximum total Losses at 100 % Rated Load 11600

(wat) The line losses are occurring in distribution system due to

Energy Efficiency Level 2 . R

Confirming to 1S1180(Part 1)2014 flowing the load current from feeder section to load end

through power cable [2].
C. Rating of Air Circuit Breaker
There are five type of Energy Losses due to load current:
Using Name Plate of Air Circuit Breaker, the data collected in

Table No 2. e Effective Losses
e Reactive Losses
Table No 2: Parameter’s value of Air Circuit Breaker e Unbalanced Losses
e Distortion Losses
Rating (Amps) 2500/1600 Amps - 3 Pole
Protection LSIG e Neutral Losses
Rated Service VVoltage at 50/60 Hz (Ue) 690 V AC
Rated Insulation VVoltage at 50/60 Hz (Ui) 1000 Volt ) Eff '[ |_
Rated Impluse withstand voltage (Uimp) 12 kv a eclive LOsses
Rated Ultimate Short Circuit, breaking Capacity Ics @ 440 Volt |65 kA for 2500 Amps Effective |OSSGS due tO the resistance Of |On run power
Rated Short Circuit, breaking Capacity Icu @ 440 Volt 65 KA for 2500 Amps g p i
Rated Short/ time withstand current (lcw) @ 440 Volt 65 KA for 2500 Amps cable scatted over the large areas and these losses is
Rated making Capacity in short circuited @440V (Icm) 143 kA for 2500 Amps proportiona| to the |2R losses in |umped line [3]
Mechanical Life 2500 Amps - 20000
Operation
1600 Amps - 25000 i
e b) Reactlve Losses _ _
Electrical life @ 440V AC 2500 Amps - 8000 Reactive losses due to the associate of reactive component
Operation
500 Armps - 10000 of current due to reactance of load element.
Operation
¢) Unbalanced Losses
D. Size and Quantity of armored Aluminium cable of 1.1 kV The load in three phase networks is unbalanced due to more
Grade no of single-phase lateral in distribution side, excess neutral
current will flow and losses are occurring in distribution
By taking the manual measurement the armored cable laid network. The problem in distribution network exists in both
from O/G feeder to Different section of load panel in CN three-wire and four-wire systems due to the fact the loads
Centre in Table No 3. are switched on and off by end users simultaneously.
Table No 3: Measurement value of armored aluminium cable d) Distortion Losses
The harmonic current generated by nonlinear load and
Out Going Feeder el ool ARS ] Wit gl i travell!ng through t_rans_former, cable impedance, losses are
ACBNO 01 P oy occurring in distribution system network as results of
ACBNO 02 40 130 equipment are overheating due to “skin effect” and energy
ACB NO 05 140 - .
Ao NO 0 o losses due to the poor distortion power factor.
ACB NO 09 100 100
ACBNO 10 530 20 e) Neutral Losses
ACB NO 13 80 . . .
ACBNO 14 m The excess current is flowing in neutral due to the
ACBNO 15 40 1o ynbalanced load in downstream lateral and presence of
400 KVA EM Load Panel DG Room CNC 60 . . . . .
250 KVA EM Panel DG Room CNC 5 G £ triple harmonics in load current, the losses are occurring in
380 KVA EM Penel DG Room CNC 45 LV side of distribution system [3].
400 KVA EM Panel Director Bungalow Side DG 80 60
400 KVA Load EM Panel Basement CNC 130 40
380 KVA Load EM Panel Basement CNC 50 80 60
400 KVA Load EM Panel Basement CNC Dir 2) Energy LOSS Due to Source VOItage . . .
Bunglow Side DG 75 230 The source voltage losses in LV side of distribution system
250 KVA Load EM Panel Basement CNC 90 920 P -
— = — — — are occurs due to long run aluminium cab_le contributes
Normal Panel 02 Basement OCB Room CNC_|__ 33 %0 60 higher source impedance and hence higher voltage
TOTAL (Length of Cable) . 99.0 L 113.‘3 710 410 340 1800 harmonics are produced [5]
1. lI. Energy Loss in LV Distribution System There are two type of Energy Loss due to Source Voltage:

There are various distribution losses in LV side of system

. . . e Voltage Unbalanced Losses
which will be describe below.
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e Voltage Distortion Losses

ENERGY LOSS ENERGY LOSS CALCULATOR

a) Voltage Unbalanced Losses PSSR Nie te DRt Corr ot aes
When source voltage is unbalance due to Grid polluted Rrms AL STE iie2 bt mlad i
tnrt;t::cfaglr(%t:re[gs.ses are occurring in LV side of distribution :3:“ 1:}3: :::: ::ng :::;: EE}Egﬁ ??Zz Egg ET:DZ tz
kvar ¢ 31;'.;3 ¢ 2862 ¢ 3;'.31” ga13 || (et R
b) Voltage Distortion LOSSeS 005!2 13:04:57 432355"5 OSSIEﬂ:l:iZ l::]:l:j:IZEn 43.3:;.[::12 38 DELTA

P H e =
The current harmonic (distorted wa\_/efor_m) flow through FREREVIREE CAlEINETEE T
system impedance (source and line impedance) and & 0:00:23 = T i
- ) Due to SourceVoltage Loss
distorted the harmonic voltage waveform. Thus, voltage Unbalance Line loss (1007
harmonic losses are generated in LV side of distribution Sl g e
ource loss Reactive 83N
SyStem [4] Unbalance 0.0

Distortion S8
Total losses 390 kU Neutral 0.0

V. METHODOLOGY AND EXPERIMENT

09705722 13:04:10 433U SO0Hz 36 DELTAQR 09705/22 13:04:41 433V S50Hz 38 DELTA ENS0160*
SETUP ANALYZER METER SETUP DATA METER

The proposed methodology for evaluation of total
distribution losses due to load current and source voltage Figure 3: Data Captured in LT Main-1 during
is applied on LV Side of Distribution network in peak load condition

Cardiothoracic and Neuro Science Centre [7]. . .
¢) Measurement recorded in Main Incomer LT-2 of low

The network used LT main 1, LT main 2, LT main 3 in voltage side of Distribution Transformer 2 during off
Substation having sanctioned load from utility is 1299 kW. peak hour on 7" May 2022 at 18:44 IST

The load distributed among the network through different
long root armoured power cable.

e N 7 R—
ENERGY LOSS ENERGY LOSS CALCULATOR

o ®  0:00:
f L1 S DuetoloadCurrent Loss

Arms 2637 2537 2835 Effective 172 kUl 627 U
A. Proposed Instrument for Measurement Taken L1 L3 Reactive 762 kvar 123 U

KUfund® SBL.}B 54.99 B%::B 17331 Unbalance 883 kUR 164 U

Distortion 37.3 kUR 29.1 U
- kUAsnd 6162 5986 6662 188.33

The measurement taken by three phase power quality [PQ] Bt 13 i T
Analyzer [FLUKE 438] in LT Main 1, LT Main 2, LT ik b o Sl o ,

07705722 18:44:51 433U 50Hz 38 DELTA EN50160* 07705722 18:43:40 433U S0Hz 39 DELTA
Main 3 and whole distribution losses are calculated for o7 S || setwe anaiveem | meveER

Peak and off-Peak Loading Condition. ENERGY LOSS CALCULATOR
B. Measurement Recorded through PQ Analyzer i e

Reactive 155 H
Unbalance 04

Source loss

a) Measurement recorded in Main Incomer LT-1 of low Distortion, 3.7

voltage side of Distribution Transformer 1 during off fotsl fosses e
g th g 07705722 18:43:56 433U S0H=z 39 DELTHAY 07/05/22 18:44:31 433U S0Hz 38 DELTA ENS0160*

peak hour on 7 Ma.y 2022 at 18:31 IST. SETUP ANALVZER METER SETUP  DATA | METER Se.
SHEREY Lo T EHEBS LS5 CUERTOR Figure 4: Data Captured in LT Main-2 during

Psst 0:05:28 (=] ~] & 0:02:50 aps

L1 L3 DuetoloadCurrent Loss off peak load condition

Arms 3151 3055 2835 Effective 203 kU

: L1 L3 Reactive 76.4 kvar . .
aaal L U Il Unbalance 111 kUA d) Measurement recorded in Main Incomer LT-2 of low

Distortion 59.2 kUA . . - - -

KAwa 7898 6338 68435 20750 || R NRREN voltage side of Distribution Transformer 2 during peak

kvar ¢ 2285 ¢ 2442 ¢ 2352 ¢ 70.77 L loss 798 U

07705/22 18:31:00 433U 50Hz 38 DELTA EN50160% 07705722 18:28:22 433U S0Hz 38 DELTA

- [EHERGS EUVENTS STOP
s LOSS TREND 0 START SETUP ANALYZER METER

hour on 9" May 2022 at 13:09 IST

ENERGY LOSS CALCULATOR ENERGY LOSS CALCULATOR ENERGY LOSS ENERGY LOSS CALCULATOR
G S 0:03:15 Pt o 0:01:52 P q & 0:00:55 =R
urce oltases Line loss (1007 Arms 4454 4152 3823 Effective 263 Kkl  1.56 kU
Distortion 985 U Effective 84.0 L1 L3 Reactive 974 kvar 214 U
Source loss 998 U Reactive 103 M Kiwnd 9524 8827 8245 26594 Unbalance 20.1 kUR 8.05 U
Unbalance 02 L1 L3 Distortion 415 kUA 379 U
Distortion 54 KURtund 'U‘Iﬁe 9525 8';‘_-37 284.13 Neutral 120 A 001 U

Line loss 1.82 kU

Total losses 180 ky  Meutral 00 kvar ¢ 3458 ¢ 3578 ¢ 27.66 ¢ 98.08

09705722 13:09:32 433V S50Hz 38 DELTA ENS0160*
o TREND EUEnNTS STOP

09705722 13:08:37 433U SO0Hz 38 DELTA
SETUP  ANALYZER METER

07705722 18:28:47 433U SO0Hz 39 DELTA 07705722 18:27:24 433U 50Hz 38 DELTA ENS0160*
SETUP ANALYZER METER SETUP DATA METER

START

Figure 2: Data Captured in LT Main-1 during
off peak load condition

b) Measurement recorded in Main Incomer LT-1 of low
voltage side of Distribution Transformer 1 during peak hour
on 9" May 2022 at 13:05 IST
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ENERGY LOSS CHLCLH P ERCYIeE BATCUHIoR C. Data formulated in a Single Tabulated form
Due toSourcelUoltage Loss i &8 0002 B
s Line loss (1007 a) Measurement recorded on basis of Data captured
ISLOl 1on . - - - -
e s Sl in PQ Analyzer in Main Incomer LT- 1 during off
Unbalance 0.7 -
i peak and peak load condition.
Total losses 361 kU Neutral 00
098705722 13:08:49 433U 50Hz 38 DELTA | 09/05/22 13:09:19 433U 50Hz38 DELTA ENS0160% Table NO 4: Parametel"s Value Of LT-l
SETUP ANALYZER METER SETUP  DATA  METER ST
. ) ) ] Details Location LT Main -Lin CNC Substation at 0433 kv Bus Voltage
Figure 5: Datgeiiﬂggi(;?];;o'\gam during OFF PEAK HOUR (T My 202220 B39 IST) | PEAK HOUR (0 My 2122t 35 IST)
Details Paramenter "R"Phase | "Y"Phase | "B"Phase | Total |"R"Phase | "Y"Phase|"B" Phase| Total
e) Measurement recorded in Main Incomer LT-3 of low |2 Curent(Ams) 1 | W6 | WS o | w18 | 68
voltage side of Distribution Transformer 3 during off ActivePower (WWfound) | 6929 | 665 | 5091 | 1474 | %669 | W4 | B0 | Bl
peak hour on 7" May 2022 at 18:39 IST Apparent Power(kVA D% | 6 | 4% | w5 | 0% | o6 | 9 | W8
Reactive Power (war) 286 | un | BR | 07| NB | B | A7 | 68
ENERGY LOSS ENERGY LOSS CALCULATOR
B L CENCETET] 13 =~ DuetoLuadCurrntuss LT MAIN Bus 1
Arms 1418 1432 1532 Effective  97.1 kU
L1 L3 Reactive 32.8 kvar
Kiwnd 3082 3166 3394 9642 Unbalance 3.11 kUA 500
L1 L3 Distortion 28.1 kVUA 450
KkURfuna  32.64 3321 3541 101.34 Neutral 120 A
L1 L3 Line loss 178 U 400

kvar ¢ 1077 ¢ 1004 ¢ 10.08 ¢ 30.88
07/05/22 18:38:21 433U 50Hz 38 DELTA EN50160% 07705722 18:37:24 433U S50Hz 38 DELTA 350
SETUP ANALYZER METER

300
ENERGY LOSS CALCULATOR 25
Pus & 0:02:06 20
Line loss  (1007) 15
Effective 71.7
Reactive 1540 10
Unbalance 02 5
Distortion 127 I I II I I
00 0

o o

Unbalance
Distortion

o o

Source loss

o

Neutral

Total losses
07205722 18:39:07 433U 50Hz 38 DELTA EN50160* "R" ”Y" ”B” TOtal ”R” "Y" ”B” Total
RGN [BROTAR BIECTER Stant Phase Phase Phase Phase Phase Phase

07705722 18:38:41 433U S50Hz 38 DELTA
SETUP ANALYZER HMETER

OFF PEAK HOUR (7 May 2022 PEAK HOUR (9 May 2022 at

Figure 6: Data Captured in LT Main-3 during 2t 18:39 IT) 13:05 I5T)

off peak load condition

. . LT Main -1 in CNC Substation at 0.433 kv Bus Voltage
f) Measurement recorded in Main Incomer LT-3 of low

voltage side of Distribution Transformer 3 during peak W Load Current (Arms) ® Active Power (kWfound)
hour on 9" May 2022 at 12:59 IST  Apparent Power(kVA found) = Reactive Power (kvar)

S S = | ENERGY LOSS CALCULATOR

ENERGY LOSS . . . .
7 R S Figure 8: Power flow scenario of LT Main — 1 during peak and
S e o |WDuetoloadCurrent  Loss off-peak load condition
Arms 5804 5911 5665 Effective 380 kU
L1 L3 Reactive 111 kvar .
Wi 12452 13023 12348 3717 ||| Bl b) Measurement recorded on basis of Data captured
ISLoruion 4 . . . .
KURnd 13120 13490 12820 39434 || | I CERR TR I e in PQ Analyzer in Main Incomer LT- 2 during off
L1 13 : ‘s
kar ¢ 4131 ¢ 3518 « 3447 11099 || | flil peak and peak load condition.
09705/22 12:59:30 433U S0Hz 38 DELTA EN50160* 09705722 12:58:23 433U 50Hz 38 DELTA

a [ENERGY

up EUENTS
poul - TE0ss TREND 0

Stonr || SETUP | |ANALYZER | METER Table No 5: Parameter’s value of LT-2

ENERGY LOSS CALCULATOR ENERGY LOSS CALCULATOR
= R Detalls Location LT Main -2in CNC Substation at 0433 kv Bus Volage
Due toSourcelUoltage Loss -
Unbalance Line loss__(1007) OFF PEAK HOUR (7 May 20222t 1841ST) | PEAK HOUR (9 May 20224t 130915T)
Distortion Effective 883 .
Source loss Reactive 76 M Details Paramenter "R"Phase | "Y"Phase | "B"Phase | Total |"R"Phase |"Y"Phase |"B"Phase| Total
s Load Curent (Ams) ® | m1 | ws wa | w2 | wme

Combined Losses Distortion 3. -
Total et 527 )y | Meutral 00 ActvePower (Wfound) | 6929 | @688 | 218 | 17331 | %4 | 8827 | @45 | %Y

Apparent Power(kVA 129 60.98 6662 | 16833 | 10132 | %25 | 897 | 8B
09705722 12:58:42 433U 50Hz 39 DELTAJY 09/05/22 12:59:15 433V 50Hz 38 DELTA EN50160% -
SETUP ANALVZER METER SETP DATA  METER Srop Reative Powr (var) 2% | ML | ;e | 6 | UB | BB | 76 | B8

Figure 7: Data Captured in LT Main-3 during
peak load condition
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Figure 9: Power flow scenario of LT Main — 2 during peak and

c) Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 3 during off

LT MAIN Bus 2
Il Il Il I |I |I II I
"R" "y" "B" Total "R" "Y' "B" Total

Phase Phase Phase Phase Phase Phase

OFF PEAK HOUR (7 May A PEAK HOUR (9 May 2022
2022 at 18:44 1ST) at 13:09 IST)

LT Main -2 in CNC Substation at 0.433 kv Bus Voltage
M Load Current (Arms)
M Active Power (kWfound)
Apparent Power(kVA found)

Reactive Power (kvar)

off-peak load condition

peak and peak load condition

Table No 6: Parameter’s value of LT-3

Figure 10: Power flow scenario of LT Main — 3 during peak and

d) Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 1,2,3 during

Details Location LT Main -3in CNC Substation at 0.433 kv Bus Voltage
OFF PEAK HOUR (7 May 20224t 1839 15T) PEAK HOUR (9 May 2022at 12591T)
Details Paramenter "R"Phase | "Y"Phase | "B"Phase | Total |"R"Phase |"Y"Phase|"B" Phase| Total
Load Curtent (Arms) 1418 1432 1532 504 | 51 | 5665
Active Power (kKWfound) 08 6 | RU | %4 | wE | 108 | 184 | 3wy
Appatent Power(kVA 064 BA | B4 | 1003 | B2 | 1349 | 1282 | UK
Reactive Power (kvar) 1077 1004 1009 | 308 | 431 | %8 | 47 | 11099
LT Main Bus 3
| [ — i |I |I |I I
"R" "Y' "B" Total "R" "Y" "B" Total

Phase Phase Phase Phase Phase Phase

OFF PEAK HOUR (7 May | PEAK HOUR (9 May 2022
2022 at 18:39 IST) at 12:59 IST)

LT Main -3 in CNC Substation at 0.433 kv Bus
Voltage

M Load Current (Arms)
H Active Power (kWfound)
Apparent Power(kVA found)

Reactive Power (kvar)

off-peak load condition

off peak and peak load condition

© 2022, IJSREM
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Table No 7: Parameter’s value of LT-1,2,3

Detas Locaion LT M inCNC Substainat 0433 kv Bus Volage
OFF PEAK HOUR (7 May 2022:t 839 1) PEAK HOUR (3 May 202221 130918T)
Detals Paramenter UL | U | U | T | ] LR | 8| Todl
Actie Power (KW found) W) M3 | %9 | B4 | B BY | TR | WD
et Poer(VAfond) | M5 | BB | ML | W00 | MR | BB | WY | 9R3
Resttie Powe (v 07 | T% | N | 6| BB | WK | W09 | %2
LT Main - 1,2,3 Bus in CNC

LT-1 LT-2

0 [ | | [ ] | mm II
LT-3 Total

OFF PEAK HOUR (7 May
2022 at 18:39 IST)

LT-1

LT-2 LT-3 Total

PEAK HOUR (9 May 2022
at 13:09 IST)

LT Mains in CNC Substation at 0.433 kv Bus Voltage

M Active Power (kW found)

B Apparent Power(kVA found)

Reactive Power (kvar)

Figure 11: Power flow scenario of LT Main — 1,2,3 during peak
and off-peak load condition

D. Summarized Losses in LV Side Distribution System in
Cardiothoracic and Neuro Science Centre.

a) Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 1 during
off peak load condition

Table No 8: Various Losses in LT-1 during off peak load

condition
LT MAIN -1 OFF PEAK HOUR
Loss Due to Load Current in watts Contributed Percentage of total losses
Effective Loss 649 36.13%
Reactive Loss 92.2 5.13%
Unbalance Loss 1.91 0.11%
Distortion Loss 54.9 3.06%
Neutral Loss 0.00 0.00%
Loss Due to Source Voltage in watts
Unbalance Loss 134 0.75%
Distortion Loss 985 54.83%
Total Losses 1796.41 100.00%
LT Main Bus 1
1200
1000
800
600
400 I
200
O | — —
\$,'\/ <O’ \,0%(9 o(,)‘—; \’0(7‘—) \9{_"1 \,0(:) <O’ \/oc)‘—) \’O(,)‘o
> >
\a 22 @ ~O° ’Z} Q @ -0(\
PN N S SO SO MV SIS
A N s{\Q’ Qg/’b & . ‘;@ < VR a)@
< S R

Figure 12: Major contribution of Losses in LT 1 during off-peak
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b) Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 1 during
peak load condition

Table No 9: Various Losses in LT-1 during peak load

condition
LT Main CNC Substation at 0.433 kv Bus \oltage
LT MAIN -1 PEAK HOUR
Loss Due to Load Current in watts Contributed Percentage of total losses
Effective Loss 1430.00 36.88%
Reactive Loss 149 3.84%
Unbalance Loss 0.74 0.02%
Distortion Loss 100.00 2.58%
Neutral Loss 0.00 0.00%
Loss Due to Source Voltage in watts
Unbalance Loss 28.00 0.72%
Distortion Loss 2170.00 55.96%
Total Losses 3877.74 100.00%

LT Main Bus 1

2500
2000
1500
1000
500
O | — J—
& P \§? \§? \§; > \§? 2 \5? \5?
'\/Q 0\/ - SR Q\) & &
TS &S S e &S
\%oz,bb\’bkoo\'bk
¥ LR L VL
&Q,’f—, Q‘QQ\ 0(\0\‘7
NS

Figure 13: Major contribution of Losses in LT 1 during peak
loading

c) Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 2 during
off-peak load condition

Table No 10: Various Losses in LT-2 during off peak load

condition
LT Main CNC Substation at 0.433 kv Bus Voltage
LT MAIN -2 OFF PEAK HOUR
Loss Due to Load Current in watts Contributed Percentage of total losses
Effective Loss 627 35.90%
Reactive Loss 123 7.04%
Unbalance Loss 164 0.09%
Distortion Loss 29.1 1.67%
Neutral Loss 0.01 0.00%
Loss Due to Source Voltage in watts
Unbalance Loss 0.00 0.00%
Distortion Loss 966 55.30%
Total Losses 1746.75 100.00%

LT Main Bus 2

1200
1000
800
600
400
200

v e’ @ Qo P e

& & & & & <§°<§& &°
@?‘ Q® (g@ &P ‘;\o S O @ L)O
S NS NS

Figure 14: Major contribution of Losses in LT 2 during off peak
loading

d) Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 2 during
peak load condition

Table No 11: Various Losses in LT-2 during peak load

condition
LT Main CNC Substation at 0.433 kv Bus Voltage
LT MAIN -2 PEAK HOUR
Loss Due to Load Current in watts Contributed Percentage of total losses
Effective Loss 1560.00 43.03%
Reactive Loss 214.00 5.90%
Unbalance Loss 9.05 0.25%
Distortion Loss 37.9 1.05%
Neutral Loss 0.01 0.00%
Loss Due to Source Voltage in watts
Unbalance Loss 143 0.39%
Distortion Loss 1790 49.38%
Total Losses 3625.26 100.00%
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Figure 15: Major contribution of Losses in LT 2 during peak
loading

e) Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 3 during
off- peak load condition

Table No 12: Various Losses in LT-3 during off-peak load
condition

LT Main CNC Substation at 0.433 kv Bus Voltage

LT MAIN -3 OFF PEAK HOUR

Loss Due to Load Current in watts Contributed Percentage of total losses
Effective Loss 148 33.76%
Reactive Loss 16.9 3.85%
Unbalance Loss 0.15 0.03%
Distortion Loss 124 2.83%
Neutral Loss 0.00 0.00%
Loss Due to Source Voltage in watts
Unbalance Loss 0.00 0.00%
Distortion Loss 261 59.53%
Total Losses 438.45 100.00%
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Figure 16: Major contribution of Losses in LT 3 during off peak
loading

© 2022, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM14298 |

Page 6



http://www.ijsrem.com/

W

IJSREM

e-Journal

International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 06 Issue: 06 | June - 2022

Impact Factor: 7.185

ISSN: 2582-3930

f)

Measurement recorded on basis of Data captured
in PQ Analyzer in Main Incomer LT- 3 during

Table No 15: Comparison various distribution losses

peak |Oad Condition Detaiks Location OFFPEAKHOURLTMalnCNCSubstatlonatO,433kaus Voltage T
. i i Details Paramenter LT-1 | LT2 | LT-3 |Details Paramenter L1 | T2 | LT3
Table No 13: Various Losses in LT-3 durlng peak load Loss Due to Load Current in Loss Due to Load Current in
condition percentage percentage
Effective Loss 36.13% | 35.90% | 33.76% |Effective Loss 36.88% | 43.03% | 61.25%
. - Reactive Loss 513% | 7.04% | 385% |[Reactive Loss 384% | 590% | 5.24%
LT MM CNG Substaton o 0498 v B Vollage Urbeknce Loss 0.10% | 0.0%% | 0.03% |Unbelance Loss 00% | 025% | 006%
Loss Due to Load Current in watts Contributed Percentage of total losses Distotion Loss 306% | L67% 283% |Distortion Loss 258% | 105% | 2.32%
Effective Loss 325000 61.25% Neutral Loss 000% | 000% | 000% |Neural Loss 000% | 0.00% | 0.00%
Reactive Loss 278.00 5.24% Loss Due to Source Voltage Loss Due to Source Voltage
Unbalance Loss 3.35 0.06% percentage percentage
Chlomon Loss 12500 — Urbalnce Loss 0.75% | 000% | 0.00% |Unbaknce Loss 072% | 03% | 0.77%
Lz‘s‘s'fju:z St Voliags s : i Distortion Loss 54.83% | 55.30% | 59.53% |Distorion Loss 55.96% | 49.38% | 30.06%
Unbalance Loss 2070 077% Total Combined Loss in Percentage  |100.00%| 100.00% | 100.00% (Total Combined Loss in Percentage | 100.00% | 100.00% | 100.00%
Distortion Loss 1611.00 30.36%
Total Losses 5306.06 100.00%
b) Total losses obtained in LV side of distribution system
LT Main Bus 3 in Cardiothoracic and Neuro Science Centre for year.
3500
3000 Table No 16: Total Distribution losses for Year
2500
2000
1500 Details Location LT Main CNC Substation at 0.433 kv Bus Voltage
OFF PEAK HOUR PEAK HOUR
1000 Details Paramenter LT-1 | LT2 LT-3 | Total LT-1 LT-2 LT-3 Total
500 Loss Due to Load Current in Watt
0 - - — Effective Loss 69 | 67 | us | 1M 143000 | 156000 | 325000 | 624000
. . Reactive Loss w2 | 123 | 169 | 2l 19 | 21400 | 27800 | 641
%v‘k o’bb o‘a°’ O‘—f’ 0‘5’ o%"’ & <9 o‘a(" o‘—;°’ Unbalance Loss 191 | 164 | 015 | 37 074 | 905 | 3% | 1Bu
Q % QJ\/ QJ\, Y Q\, \\, & PN Q\, Distortion Loss 59 | 91 | 24 | %4 0000 | 379 | 12300 | 26090
e QJ\-O O A Neutal Loss 0® | oo | oo | oo 00| oot | oo | ow
?\é P & efbb X OO X° & Total Line Loss T980L | 78075 | 1745 | 175621 167974 | 16209 | 365436 | 715506
@ (jf—, ‘(s/\ <& (\o 0\") $ 60 Q\"’ Loss Due to Source Voltage in watt
\’,\ NS Unbalance Loss 134 | 0w | om0 | 14 B0 | 143 | 00 | 80
Distorton Loss o5 | o6 | ol | 2 217000 | 179 | 161100 | 557100
Total Source Loss 984 | 96 | 26100 | 22254 2198.00 | 180430 | 165170 | 565400
Combined Loss in Watt 179641 174675 | 43845 | 398161 387774 | 362526 | 5306.06] 12809.0f
. . . P . . Total Combined Loss in kW 180 | 175 | os | 3% 38 | 38 | 531 | 181
Flgure 17 Major ContrIbUtlon Of LOSSES in LT 3 dUrlng peak Probably Off Peak Hour Assumed from Probably Peak Hour Assumed
loading 0600 PM t0 0800 AM) = 14 Hours! Days, from 0800 AM to 0600 P =
Hence Total Energy Loss/ Day in KWH 5574 110 Hours/ Days, Hence Total 188
R R . . R Energy Loss/ Day in KWH
E' Monthly BIHS Readmg for CardIOthoraCIC and NeUrO SCIence Total Energy Loss during Off Peak Hour in 20346 Total Energy Loss during Peak 46753.069)
Centre. a Year[365 Days] Hour ina Year [365 Days]
Total Energy Loss in LV Side of
Distribution System in a Year 67099.10]

On the basis of Electricity bills reading the total energy
consumption would be calculated for year April/2021 to
March/2022.

Table No 14: Total Energy consumption for year
April/2021 to March/2022

Details Location LT Main CNC Substation at 0.433 kV Bus Voltage \
Total Energy C jon for Year Aprili2021 to Mar/2022
LT Main-1 Total Sanctioned Load: 399 kKW LT Main -2&3 Total Sanctioned Load: 900 kW

Bills Consumption | Total Consumed |Power Factor | Total Consumed | Total Consumed ~ [Power Factor| Total Consumed
Cycle Energy in KVAH Energy in KWH | Energy in KVAH Energy in KWH
Apr-21 130697.60 0.989 129259.93 179544.00 0.937 168232.73
May-21 117593.00 0.995 117005.04 294469.90 0.946 278568.53
Jun-21 111556.00 0.994 110886.66 131060.00 0.933 122278.98
Jul-21 123500.80 0.996 123006.80 227395.20 0.946 215115.86
Aug-21 137193.00 0.989 135683.88 320549.60 0.937 300354.98
Sep-21 133817.60 0.991 132613.24 300945.60 0.953 286801.16
Oct-21 156380.80 0.984 153878.71 226236.00 0.939 212435.60
Nov-21 163097.60 0.978 159509.45 248847.20 0.948 235907.15
Dec-21 102112.00 0.968 98844.42 208795.20 0.920 192091.58
Jan-22 107484.8 0.985 105872.53 210585.60 0.866 182367.13
Feb-22 86921.60 0.930 80837.09 305150.40 0.930 283789.87
Mar-22 121331.84 0.980 118905.20 224726.24 0.930 208995.40

Total Consumed LT1 1466302.94 Total Consumed | LT2+LT3| 2686938.963

Energy in KWH Energy in KWH

 TOTAI Unit in KWH for Year April/2121 to Mar/2022 4153241.90

V. RESULTS

The Energy losses due to Load Current and Source voltage
on each LT-1, LT-2, LT-3 are obtained during off-peak and
peak loading condition and also percentage of distribution
losses are evaluated.

a)

Various individual losses obtained in percentage
manner in LT main Substation (LT-1, LT-2, LT-
3) during off-peak and peak loading Condition.

V)
(m

Total Energy Consumed for year in Cardiothoracic and
Neuroscience Centre = 4153241.90 KWH

Total Energy Loss in LV Side of Distribution System =
67099.10 KWH

% Distribution Loss in Year =
Total Energy Loss in a year in KWH

Total Energy Consumed for Year in KWH X100
=279%222 X100 = 1.615%
4153241.90
VI. CONCLUSION

The main target of this work is to calculated the total energy
losses in distribution system at 0.433 kV bus voltage in
Cardiothoracic and Neuro Science Centre in AIIMS.

a)

b)

The total energy loss are line loss and source loss due to
load current and source voltage which is additive of
Effective, Reactive, Unbalance, Distortion, Neutral
losses. The total energy losses are calculated annually
67099.10 KWH which is 1.615 % (approx.) of total
energy consumed in a year of 4153241.90 KWH.

The Percentage of distortion losses in LT-I and LT-II
are more which is around 55.00% (approx.) due to
source voltage during peak and off-peak hours and play
major role of all over the total losses in distribution
system in low voltage side.
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c) Itisalso seen that the percentage of effective lossin LT- REFERENCE
Il are more which is 61.25% (approx.) during peak
hour. As LT-1I1 in CNC Substation are basically used [1] Jaya A. Keoliya, Prof. Mrs. G.A. Vaidya.,
for HVAC System and power cable used for AC Plant “Estimation of Technical Losses in A Distribution
are single core type, 5SRX1CX150 sq. mm for R and B- System”, International Journal of Engineering
Phase, 4RX1CX150 for Y phase, 3RX1CX150 sg.mm Research & Technology (IJERT)., Vol.2 Issue6,
for N-phase, and total quantity 1800-meter (approx.) June-2013.
length there are more enormous voltage drop at full load [2] Carlos A. Dortolina and Ramon Nadira, “The loss
current, as a results effective loss are higher. that is unknown is no loss at all: a top-down/bottom-

up approach for estimating distribution losses”,
L IEEE Trans. Power System., VVol..20, no.2, pp.1119-

d) The topology is implemented on LT-1, LT-2, LT-3 of 1125, May 2005.
bus voltage 0.433kV, 1.6MVA, 50 Hz three phase 3] Sarang Pande and Prof. Dr. J.D. Ghodekar,”
Di_stribution system in Cardiothoracic and Neuro Computation of Technical Power Loss of Feeders
Science Centre, AIIMS. and Transformers in Distribution System using Load

Factor and Load Loss Factor, IJIMSE, VOL.3, No.6,
VIl. SCOPE OF FUTURE WORK June2012.
[4] IEEE Recommended Practices and Requirements

e Reducing losses in Distribution system network by for Harmonic Control in Electrical Power Systems,
proper load balancing periodically and additive the |EEE standard 519-1992. _ S
harmonic mitigation technique. [5] Reference Book of W.H.Kresting, Distribution

e Monitoring the voltage profile at Load terminal, causing system Modeling and Analysis, CRC Press, New
the higher drawl of current by inductive load due to low York, 2002. o _
voltage and corrective measure to be taken. [6] NPTEL Lecture_:r on Distribution System Analysis,

. . . https://nptel.ac.in/courses/ 108107112.

* Re_zple}cement of old and outlived aged equipment Viz [7] Case Studied at 0.433kV, 1.6MVA, 50 Hz three
Distribution Trqnsformer, Power Cable and same phase Distribution System in CN Centre at AlIMS,
upgraded respectively. New Delhi.
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