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Analyzer
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M ethodology of Power quality audit conducted:

After visiting, surveying and understanding above infrastructure, we decided to follow following
methodol ogy for this audit.

Audit aim and M ethodology:

Record electrica parameter dataat 33KV, 433V LT PCC at both transformers secondary for
around 24 hours.

Record electrical parameter data at feedersidentified by maintenance staff, where repeated
electronic failures are reported for around 24 hours.

Record power quality parameter dataat al sub distribution feeders and UPS outputs.

Study above data and if required, recommend harmonic mitigation solutions at various levelsin the
distribution to suppress the distortion and improve power quality.

Study above data to know status of reactive power compensation provided at various locations and
their effects.

Record electrical parameter dataat all major UPS outputs to know current and voltage harmonic
levels of load — as supported by them.

Conduct meeting with maintenance teams to understand nature of electrical failures/ automation
failures and their frequency. Study relationship between failures and PQ parameters if any.
Monitor sub cycle level disturbances at critical levelsin the distribution and also at problem areas
located by maintenance team.

Undertake infrared thermography to locate lose contacts, which can cause power quality issues
along with elevated temperatures.

Undertake earthing audit to ensure quality of earthing using loop earthing test method.

Analyse al above collected data and prepare report based on above to locate issues related power
quality and remediesto rectify the same if any.

Audit team:
SAS Powertech Pvt Ltd.

Mr. Narendra Duvedi. — Lead Auditor
B.E. Electrical with speciaization in power electronics
35 years experience.
Bureau Of Energy Efficiency —certified ENERGY AUDITOR
BV QI certified Lead Auditor for 1ISO 50001.
Chartered Engineer.

Mr. Vijay Sonawne. —
Diploma Electrical Engineering with more than 10 years field experience.
Data collection engineer.

Mr. Sandesh Biramane
Diploma Electronics Engineering
Data collection engineer.
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LIST OF ABBREVIATION

Main LT panel

Power quality analysis

Phase to neutral voltage

Phase to phase voltage

Current

Average

Minimum

Maximum

Total harmonics distortion in current
Total harmonics distortion in voltage
Power factor

Power control circuit/point of common coupling
Total demand distortion

Total harmonics distortion
Distribution board

Diesel generator

Low tension

Institute of electrical and electronics engineers
National electric code

Single line diagram

Uninterrupted power supply

COLOUR CODE

R-Phase / Line-1 / Phase-1 / R-Y
Y-Phase / Line-2 / Phase-2/ Y-B
B-Phase / Line-3 / Phase-3/ B-R
Neutral

Green

Red

Blue
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A note on electrical Power quality, it’s importance, effects and remedies.

Commercialy available AC — alternating electric power is usually available in “Sinusoidal”
form. The main specifications of this are “Value of Voltage”, “Waveform” and “Frequency”.

In case of 50Hz frequency, each cycle takes 20msec to complete. Frequency variation can
cause trouble to connected load and as such it should be as constant as possible. Iron lossesin
motors, transformers etc change with frequency. The Grid power frequency is usually
maintained within +/- 1Hz.

The electric distribution equivalent circuit is as follows

[N If

Source ‘;"
N Solaroe Cabe
| repedan ce | mpedan o

The waveform of voltage available across load may get affected and deviate from Sinewave

due to various reasons like drawing non sinusoidal currents containing harmonic components,
defects in generators (Alternators or UPS systems), higher source impedance, overloading,
etc. If (Source + Cable) impedance is negligible in comparison with Load impedance under
al conditions, the source is termed as “Infinite bus” and then the problems are less.

The distorted voltage waveform can affect equipment performance. Such distorted voltages
and currents can result into overheating of cables, transformers etc and can also cause
excessive voltage drops.
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Voltage disturbances could be “sub - cycle” as shown bellow or “Sustained”. Sub - cycle
disturbances are known as transients and sustained disturbances are known as “Sags” or
“Swells”. A sub classification is also known as “Voltage dip”

h1r'}1'l £

.

These power quality issues if present in available power supply can affect performance and
reliability of critical loads like complex automation systems, communication devices and
digitally controlled power electronic circuits and reflect into unwanted resetting digita
circuitslike PLCs, VFD controllers etc.

In practise, the source, transmission level transformers, switchgear and part of cabling
belongs to utility company and once the feeder enters the premises of consumer, the
infrastructure belongs to consumer. If large amount of harmonic currents are demanded by
load and are required to be supplied by utility company, the utility company equipment is also
subjected to ill effects of these power quality disturbances. In view of limiting commercial
impact of this demand raised by consumer, normally utility companies bind consumer into
legal compliance requirements related to power quality. Such requirements usualy are based
on some international standards. One such standard related to harmonic compliance
applicable at “Point of common coupling” or PCC is IEEE 519 1992.

Voltage regulation and dynamic response (Vaue of Dip or Rise and Time required for
correction) are noticeable parameters of small capacity power supplies like DG sets, UPS
systems etc, which affect performance of critical loads if found beyond permissible limits.
The applicable standard related to assess performance of UPS systemsis |[EC 62040 — 3

In view of avoiding effects of power quality on setup, it is required that available quality of
power should be matched with specific requirement of critical equipment for smooth and
reliable operation. If this is not possible then a suitable power conditioning equipment like
UPS/ stabilizer / Series voltage correctors etc needs to be added in series after matching UPS
output specifications with requirement of critical load.
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Visible effects of power quality issues.

Equipment malfunction.

Equipment failure, especialy related to controlled rectifiers and front end components.
Control Power supply failures and associated damages to subsequent circuits.

Abnormal heating of electrical conductors, nuisance tripping.

Insulation failures.

Loosing Load and Motor alignment frequently due to harmonic torques developed in the
motor.

Electrical compatibility and reliable equipment design.

Although providing good quality of power is important, “Electrical Compatibility” is more critical. It
is always advisable that the equipment manufacturer should decide detail power quality and workman
ship compatibility requirements, exchange them among all stakeholders— namely

1) Critical equipment manufacturer,

2) End user,

3) UPS/SERVO STABILIZER / TRANSFORMER manufacturer

4) Contractorsinvolved in executing the project.
Depending upon project value and seriousness of known issues related to power quality, athird party
compliance / validation audit can be called for at the time of commissioning / execution and / or after
about one month of operation. During such audits one can also decide periodicity of such inspection
along with SOPs for predictive and preventive maintenance to get continual satisfactory performance
from the equipment. During such audit, legal compliance as per requirements of utility company can
also be checked.

Lastly one should also note that there could be design related issues with the equipment, which can
affect reliable operation. Such issues may affect the performance despite of offering good quality
power. It is very important to consider this while undertaking root cause analysis of failure of an
equipment working on electrical power.

Acceptability of Power quality parameters have been decided in various international standards
published by reputed world famous organizations like IEEE, IEC, NEMA etc. If equipment
manufacturer commits that he can accept the power as per these standards, then the power quality can
be checked as per these standards during the audit, otherwise the compliance has to be ensured against
reguirements of egquipment manufacturer.
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Executive Summary of findings and recommendations:

1) During thisaudit 33KV GEB incoming supply power quality was monitored for 24 hours. Large
number of voltage alarms and voltage transients were recorded during this monitoring.

2) A Leading Pharmaceuticals Company receives 33 KV GEB supply through RMU arrangement
located outside the plant. Thisarrangement involves lot of cables and switches emerging from
VERNA substation. This shouldbe thoroughly checked to rule out possibility of lose contacts,
adequacy of cable/ conductor sizeand inadequate source capacity.

3) IGBT based series voltage correcting devices are now available in the market, which detect a
disturbancein 2 msec and correct in 5 msec. They can support the load for few seconds even on
phase loss. Such devices have unlimited over load capacity and 98% overall efficiency from 10%
to 100% load. These devices can offer current balancing, waveform correction and correction
against up to 40% dips. These products are expensive and paybacks will be justified if they are
required to cover production loss and associated time value of the same along with expenses
towards breakdown maintenance.

4) We have carried out Infrared thermography of entire electrical installation and have included the
report here with. We understand that plant maintenance team has IR imager and carry out imaging
as predictive maintenance practice. It is recommended that the same should be carried out once in
six months and a “pre imaging” — Shutdown and maintenance — “post imaging” format should be
followed to ensure effectiveness of maintenance.

5) We have carried out earthing audit using loop testing method and the report indicates that “TR2
Neutral earthing resistance” is on higher side and needs attention.

6) We have recorded all input / output parameters of UPS systems. Total UPS |oad is around 6% of
running load. However almost all UPS systems have thyristor input rectifier stages and as such
demand huge harmonic currents. Further the capacity utilization of these UPS systems as appeared
during audit was very poor. It is advised that whenever you replace these UPS systems you should
opt for transformer less designs with input side power factor and current harmonics corrected as a
built in facility.

Reactive power compensation at present is offered centrally using contactor switched detuned
filters. Thisisautomatic and is taking care of maintaining power factor at close to unity and has
avoided current harmonic amplification to some extent. This has relived both the transformers and
upstream HT distribution from handling large harmonic currents. However lot of loads are non
linear and almost all power control / motor control centersin the plant deliver required harmonic
currents to respective loads. The power quality at few loadsis disturbed due to this. We have
enclosed detail analysis and remediesin for thisin thisreport.

8) As per information received during audit, some equipment connected via M CCs and PCCs to
transformer 2 have suffered from repeated failures.
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9) During specific investigation of point 8, following observations are recorded

a)
b)

c)

TR 2 neutral earthing should be checked and redone, earthing resistance is 4.6ohms.

TR 2 secondary recorded 63 voltage alarms during 24 hours recording; minimum voltage was
321volts while maximum was 439 volts.

HVAC MCC 2 (GENE 237), HVAC MCC 04, Process MCC 3 (GENE 244), PMCC feeders
emerging from TR 2, were monitored for 24 hours. All these feeders recorded voltage alarms
and transients.

The loads connected to above feeders are non linear and harmonic currents result into
increased voltage distortion, K factor etc. We have recommended active harmonic filters at
these feeders to reduce aboveiill effects. The cables used on incoming side of these feeders
should be validated for capacity (with specific reference to harmonic currents) asthe voltage
distortion increases at downstream end.

Following active filters are recommended, however the implementation may be done for
transformer 2 initialy.

Sr Feeder Suggested Active Filter
1 TR1-
PADP 4 100A
Utility MCC3 100A
TR2-
HVAC MCC 60A

Air Compressor 100A
PCC3 100A
HVAC MCC 2 GENE 237 60 A
HVAC MCC 04 60A

Process MCC 3 GENE 244 60A

10) Following loads from the load list appear to be large loads. Few of them have VFDs / Soft
starters connected where as few of them have DOL or star — delta starters.

LrAas per
lizt given |Load Oty
Lo s

Type ol
starting

Soft starter
Starrer
Starter
Slarler
Starter
Ltarter
Starter
Slarler
WFLD
Wil
Starter
Slarler

Alr Comprossar

=&t Bump

Chiller

Prirnany Chiilled waler Purmp
Secondary Chilled watcer rump
Cnndeasnr Water I-‘ump

Condensor Water Pump
Chiller

AHU Systom

AllL Yystem

Dzhumiditier

pa k| Ry b oR|R=

Debwarmidilier
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33KV sidecurrent pattern

40.00

R R E P —
e == — ]

14-12-2015 B H H H 14-12-2015
12:21:58.000 i 23:59:59.000

TR 1current pattern

2.500k

15-12-2015 H B min: 15-12-2015
12:56:21.000 i 23:59:59.000

TR2 current pattern

1.550k
1.500k
1.450k
1.400k
1.350k
1.300k
1.250k
1.200k
1.150k
1.100k
1.050k
1000 f- = -
950.0 Hit
900.0
850.0
800.0
750.0
700.0

— LY

14-12-2015 11:39:29 (h:min:s) 15-12-2015
12:50:30.000 2 h/Div 00:29:59.000

These current pattern show that there are large hiccupsin load current, especially in case of
transformer 2, where most of the utility equipment are connected. Thistransformer is delivering about
1000Amps RMS current as base load and on top of thisif alarge motor starts with Star delta starter,
the staring inrush being 6 to 7 times full load current, can give rise to a voltage dip, which may create
issues with other sensitive egquipments. We recommend all such loads as listed above should have soft
starters. Further wherever soft starters and VFDs are installed, inrush current ramp is aways
settable. Thisfacility should be used especialy on all thermal systems like HVAC pumps and AHUS,
whereif these devicestake few seconds to attain full speed, it does not affect the process, where as
inrush currents get limited.

END OF SUMMARY
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HT infrastructure out of plant

The 33 KV distribution arrangement with various cables and RMUs emerging from VERNA substation as
“Circled” above needs to be checked for loose connection along with upstream source capacity.

This may throw light on frequent fluctuations observed on 33KV side. The source may occasionally be getting
overloaded due to neighbouring Industries.

Another reason could beill maintained upstream tap changers.

If you can expect co operation from GEB staff, this report may be shared with them and joint survey of
upstream electrical infrastructure coupled with maintenance should be planned.

If we know capacity and % impedance of upstream transformer along with it’s normal loading pattern, adequacy
of source capacity can at least be ruled out.
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Description of electrical infrastructure

33KV
1500 KW

TR-1 KVA 2000 TR-2 2000
KVA KVA

Phace q Phasc 2 KW UPS Total kW
Froness Arza Distrinution Fanef [PATE-3| ; Proess motar zoniel enter [PMCC) 45,48

Process ArzaDitsioution Fanel -JRADR-1) i HYPAC N [HYAL Wator Contrad Centre | 3.3

Mzin Fower Distributizn Bocre (W FDB) 13.2
Prace-} 1766
PLL-3[Phase-3 Maln Inczmer)
ETF I
HYACNOG |SENE-ET) 3.5
HYAC-RCC-04 .
MPCE{GEME 225 &1
Froeesatrez [istributicn Fanal (FADR) : T ] 171

Frooess Arza Ditrinytion Fanel-3/FADP-Z)
FrooessMIC-E (PALEG)

A UPS Input [SENE-2M)

SR LS Inpat

LECRNA LIPS It

Frovessies D sribution Barel (FADP-E | GENE-ISE)

AHUN LD Input [SERE-223) 135 N [ — 136
Uity WACC-3 ; Phacs 1
ity w2 Bir Compressor-| 138
3 Utility Wic-1 i I |Chier-[BENE-153) o
10 Wair Lighting Pznal (WLLE-1| i 2 |Main UNS Panel [URS |reomer ] @
11 Haat Fumg- ZERE-199 LPE- L20RNA Incut- [GERE-T13)
LRS- 2-20RNA INCUT - aENE-215)
LIS 2 20KA Ingut |SEME L5)
UPS-4-2080A Input - JGENE-LE)
LPE-5-20RNA InE Lt
UL 5 20EWA Ingut
LLPS-7 - A Input (GENE- 138)
LPS-3- 20608 | 0puT (GENE- 138)
LS 3 20EKA Ingut | SEME 205}
Mzin Lighting Distrbution Board [MLCE-2)
Total
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A Leading Pharmaceuticals Company receives 33KV from Goa state Electric Supply Authority at a
VCB and pole structure insidethe compound. HT cableis laid from this point to HT distribution ( 1
x 2) inside the plant. This panel has 3 VCBS - arranged as one incoming and two out going. The
contract demand is 2500 KVA andthe load is further fed through 2 x 2 MVA 33KV/433V
transformers. The feeder wise KW loadrecorded is as shown above. The individual UPS input KW
are a'so mentioned in above diagram. Thefigures recorded are maximum figures and approximately
match with the KWH chart shown bellowfor Months Jan 2015 to Nov 2015.

Monthly KWh consumption chart prepared from electricity bills.

Month KWh MD KVA
lan-15| 267860 1416
Feb-15| 831660 1620
Mar-15| 862080 1548
Apr-15| 485760 1656
May-15| 985640 1746
Jun-15| 504200 1792
Jul-15| 897360 1675
Aug-15| 1053600 1769
Sep-15| 6859400 1650
Oct-15| 1116720 1766 1
Mov-15| 873EE0 1738 1

Peak loading on transformers during the audit matches maximum MD recorded so one can conclude
that this the plant load was at it’s peak during the audit. The process being of batch processing type,
the electrical load varies continuously and the peak demand may not prevail always.
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Major observations during Power quality audit.

14-12-2015 21:37:55 (h:min:s) 15-12-2015
12:22:00.000 4 h/Div 09:59:55.000

1) Above trend shows that the KW load varies between 1200KW to 1600KW depending upon process
needs.

14-12-2015 21:37:55 (h:min:s) 15-12-2015
12:22:00.000 4 h/Div 09:59:55.000

2) Above trend shows that during recording period of 21 hours and 38 minutes the plant consumed
30320Kwh. This makesit 33636 Kwh / day or approximately 874561 Kwh per month. Most of the
utility feeders receive direct raw power, where as critical loads receive power through UPS. The
installed UPS capacity is 500 KV A and the peak loading observed during audit was 100KW. Few
most critical loads are fed through “Parallel Redundant” UPS configurations.
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14-12-2015
12:22:00.000

21:37:55 (h:min:s)

4 h/Div

15-12-2015
09:59:55.000

3) Current harmonic distortion varies from 7% to 13%. The compliance requirement as per IEEE
519 1992 — may turn out to be 10 to 12%. (Thisis a guess as per our experience of capacity of
upstream infrastructure created by various el ectricity boards in other states)

14-12-2015
12:22:00.000

21:37:55 (h:min:s)

4 h/Div

15-12-2015
09:59:55.000

4) The power factor as above is maintained close to unity. The plant hasinstalled detuned filters,
which are contactor switched. These filters work in automatic mode and maintain the power
factor close to unity irrespective of load variation.

Major Harmonlc Loads

Harmonlc Current Amps

TR1-Phase 1

| Avg
Amps

| Thd %

KW Max

cth

7th

1ith

Total Harmonlc
Current Amps

PADF 4

30

a2

S8

30

20

10

70

LItilihy MCC 3

267

7.5

146.6

ar

0

A

fif

TR 2 Phasc 2
HYWALC MCC

26

42.1

33.33

23

15

45

Alr Comprassor 1

136

32.9

113.9

AD

15

70

Main UPS Panel

114

15

40

iy

HWVAL M2

1l ]

AH 5

4h.5

X7

Th

47

rCC2

302

28.5

176.6

50

10

GE

Above table shows mgjor load centers which demand harmonic currents. Based on above data and
plant areas where maintenance issues are located, some power quality mitigation solutions are
suggested in this report.

5) We have monitored ‘Alarms and Transients’ at critical locations while recording power
quality parameters for 24 hours. The Alarm was set at +/- 10% of nominal voltage whereas

Page 17 of 46




it

the transient threshold was set at 33% of respective Line to neutral voltage. Following is
summary of recorded observations.

o s TUFEMIEFE

Feeder Name Transients [Source

33KV PCC 43 12|Raw power Input
TRILT main 99 6|Partial DG operation
TR 2 LT Main 63 MIL|Raw power Input
HVAC MCC2 GENE 237 26 9

HVACMCC4 11 9|Mixed Source
PMCCC 3 GEME 244 27 7|Mixed Source
PMCC TR 2 13 7

Mixed Source

Mixed Source

In 90% of the cases, HT 33KV side alarms are voltage dips as shown bellow. They are not
always associated with increase in plant loading due to inrush currents etc. Following table
shows a sample. 33KV input dropped for about 620msecs, i.e. 31 cycles to 16KV. Such dips
could be because of source capacity of input, loose contacts in HT service connection external to
the plant, or inrush loading of industries in neighbourhood.

U3 16 KV |MIR 0 62 [14-Dec-15 |5-17:37.21
2 15 1A% IR 258 14-Dec-15 |5:17-37.61
u3 16 KV (MK T 14-Dec-15 |5-17-37.63

Plant loads have few high inrush current motor loads, which become ON and OFF as per process
requirement. As per the list made available to us, Chillers and Heat pump do not have VFDs or
Soft starters. They require high inrush currents. Air compressor has a soft starter. All soft starter
ramps should be adjusted as “Soft” as possible to avoid inrush currents. Most of other motor
loads have VFDs connected to them. Acceeration time should be adjusted to suit load torque
requirement, but as “Soft” as possible to avoid inrush currents.

These frequent voltage dips can cause maintenance issues in automation systems employing
electronics, VFDs etc. One can aso note that transients - “Sub cycle disturbances” are also
present on above feeders, which are remarkable in numbers.

6) Voltage harmonic distortion recorded at all feeders is below 4% on raw power and between 4 to
5% on DG sets, which is within acceptable limits.

7) Both the transformers are loaded around 40% if average loading is concerned and around 60% if
peak loading is considered. Thisiswithin acceptable limits, but considering that most of the load is
nonlinear, you should increase the loading by maximum 10%. Further non linear loading might
result into increase in voltage distortion.

Page 18 of 46




..' 1 " -
Siennan soumnes | TUTHNE | O] '.

Current and voltage Harmonics compliance limits:

We tried to locate harmonic compliance requirements from JERC website, which is joint
electricity regulatory commission for Goa and other Union territories. We could not locate a
document giving exact requirements.
As per international standard practice and the practice followed by most of the states in India, an
internationa standard - [EEE 519 1992 is referred for harmonic compliance between a utility
company and a consumer. The procedure given in this standard requires calculating a ratio Isc/IL
where;

Isc = short circuit current of upstream utility company EHT supply transformer from which

the consumer gets HT supply.

IL = Average load current of load running at consumer premises.
Once this ratio is known, one can refer following table to know % total current harmonics
compliance limits.

Maximum harmonic current distortion in percentage of I1L for voltages less
than 22K V.

Individual harmonic order (odd har monics)

Isc/IL <11h | 11<h<17 | 17<h<23 | 23<h<35 | 35<h<49 TDD
<20 4.00 2.0 15 0.6 0.3 5.00
20<50 7.00 35 25 1.0 0.5 8.00
50<100 | 10.00 45 4.0 15 0.7 12.00
100<1000 | 12.00 5.5 5.00 2.0 1.0 15.00
>1000 15.00 7.00 6.00 35 1.4 20.00

Even harmonics are limited to 25% of odd harmonic limits above.

The code also says that the % tota voltage harmonics should be less than 5% for voltages up to
66K V.

Following table shows calculations for Isc/IL.

Client: A Leading Pharmaceuticals Company

Parameter
GEB Transformer Capacity MVA 40
GEB Transformer % Impedance 8
GEB Transformer full load current @33 KV 699.84
GEB Transformer SC current @33 KV =Isc 8747.99
Wattson contract Demand KVA 2500
Max current as per contract demand on 33KV side 3436.71
Max measured current on 33KV side at normal load 2393.10
Isc/IL Ratio as per contract demand 194
Isc/IL Ratio asper Max Plant Current 278

As per Contract Demand and plant Max current the current harmonics compliance limit is 15%
as the ratio is between 100<1000.
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Analysisof historical data collected at Site.

Monthly KWh consumption Since Jan 2015

Month KWh
Jan-15 267860
Feb-15 231660
Mar-15 862080
Apr-15 ABSTO0

May-15 989640
Jun-15 904200
Jul-15 897360
Aug-15| 1053600
Sep-15 689400
Cct-15| 1116720
MNowv-15 878880

This table shows that electrical consumption during Oct 2015 was maximum in the year. This is a
typical pharmaceutical setup. Above figures indicate peak running KW load of around 1800KW. The
audit was conducted with around same peak load working. The plant consumed around 33000Kwh in
24 hours during audit, indicating average loading of about 1400KW.

Thisinformation confirmsthat the audit was conducted at loading which isalmost same as
aver age loading throughout the year.
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Above pie chart shows contribution of various sectionsinto total e ectrical consumption.

Such pie charting helps in implementing recommendations if any, as sections which
contribute significantly, can be taken up first to get more impact.

55% consumption isrelated to HV AC and compressors and appears to be significant area.

Critical load of 80KW is supported on various UPS with stand alone and parallel redundant
configurations.
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Load profile and Power Quality Parameters for 24 hours at 33 KV PCC
Parameter with Unit |L.Init Awverage Minumum| Maximum
Load protilc
Active Load KW 1402 33& 1543
Neactive Power Demand KVANR 190 51 606
Apperant Demand RV A 1410 1364
Linecurrert RMIZ AL Amps 2441 21.3C
line conrenl AMS A 2 BT 25541 23.33
I'ine current RS A 3 AmMps 24736 2156
Currenttotal hamonic distortion AL 9.621 F3
LCurrenttotal hammonic distortion Al H.uss bk
Currenttotal hammonic distortion A3 ; 10.26 F=
Currcntlmbalance | unb 2.791 1.E
K FactorLine 1 1.305 1.16
K FactorLine 2 1.204 1.1
K FactorLine 3 1.328 1.1%
Powver Facdor 4 (1.98% Q.ARS
Power factnr 2 o993 314
Fower factor 3 C_986 0486
Hower factor mean Uy U./61

Power Quality Parameters while supporting above laod
Parameterwith Unit Unit Avoragoe Minumum
lNrequency Iz 49.073 40.74
Line to Line Voltage U 1 BME Y J2.024 31.23
Line to Line Valtage U 2 RMS 4" 32.934 23.4
Line lu Line vallage U 3 RMSE KW 32.713 23.61
rdaximuim [In2 valtage nohserved
mMinimum Uine Valtage observed g 1482
Voltage total harmonic Distortion UL LY
Voltage total harmonic Distortion U2 ; 1.735
Voltoge total harmonic Distortion U3 : 1.786
Vaoltage imbalanze v unb 0.385
Miker Pst U1 0.367
Fliker Pst L2 041
Fliker PsL U3 0.333

Phase dillTerence asreconded al sven lime

2403" 30193

~ [ 1
\ 1 -

93 | ' L
— .o
18996 (m&)

g i 12:31:18.760
12000 " 14-12-2015

Voltage transient occurance recording. Translent threshold set at+/- 100V Mo of
of Line to Meutrzl instantanious voltage. Iransients
Vaoltage alarm recording. Thrashold sat at +/- 1026 of 33 kv Mo of Adarmes
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Commentsand Remarks

1)

33KV supply to plant is derived from aRMU fed from different lines originating from
VERNA substation. The information regarding origin of these linesis not clear and the loading
details with respect to time are also not available. This observation is noted here aswe tried to
co relate the fact shared indicating that the maintenance issues were negligible when the utility
company was a private player rather than GED. Aslot of cables/ cable terminations/ joints
are involved in this distribution, there are chances of cable/ transformer capacity issues and
loose contacts, which need through checking of GED infrastructure. We are highlighting this
as number and level of voltage fluctuations observed on 33KV side within 24 hours are
abnormal.

Thisis most upstream point in electrical distribution system in the plant. This point on the
distribution is also monitored by utility company supply code. Harmonics compliance limits
here are decided by applying provisions of IEEE 519 1992. If the harmonic levels are
excessive here, they can harm infrastructure installed by utility company prior to this PCC —
Point of common coupling. (Theoretically PCC is defined as such nearest upstream point on
utility distribution from which they can feed another consumer. It is not practical to get access
to such point so this point within plant premises is considered for monitoring.)

It can be seen that the reactive power requirement on continuous basis is negligible and
average power factor is 0.99. Average current harmonic distortion is around 10%, which may
be border case.

It appears from bills that utility company charges for 75% of contract demand, if actual MD is
less than that. This has happened in all the months. There is 5% incentive on energy charges if
power factor is maintained at 0.99 and above. A Leading Pharmaceuticals Company has
claimed this incentive in al themonths.

Maintaining unity power factor by controlling reactive compensation and harmonic distortion
goes hand in hand and in turn can affect power quality, if executed using awrong method.

Power factor control is achieved using contactor switched detuned filters. Due to this harmonic
amplification is observed to be negligible.
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Par ameter Compliance Actual Value
Requirement recorded

Total % current harmonic distortion 15% 13.2%

% current harmonic distortion for 12% 8%
harmonic orders less than 11
3 Total % voltage harmonic distortion < 5% 1.8% (6.8%)

List of alarms and transients is quite alarming. We have tried to match 33KV side adarms with
LV side voltage disturbances recorded on one of the transformers. Even if we consider them as
load generated and reflecting on primary side, the reason would be larger source impedance or
inadequate source capacity.

During discussions with plant staff, we were given to understand that the utility power fails
couple of times every day in abrupt manner. Abrupt power interruption is aso a power quality
issue. It was also informed to us that most of the failures are observed in plant area, where
Raw power is supplied and the problems were minimum when the Raw power was available
from Reliance.

Considering point 6 and 7 above, we advise you to take “Power Quality Requirements” from
machine manufacturersin detail. A specific enquiry also should be made highlighting power
failures. Once these details are received, we can check compliance against now available
power quality data and then conclude about cause of failures. We are highlighting this because
as per our experience, thereisapossibility of fragile design which can cause such failures.
Generally machine manufacturer should give following data.

Sr | Parameter Value/ Range

Sine AC Voltage— Nominal + /- %

Voltage Wave form distortion THDV allowed %

Frequency — Nominal +/ - %

Source impedance ohms

Nominal current / Max current

Nomina KVA / Max KVA

Specify allowable limits for sub cycle and RM S voltage dips and recovery
time for which machine performance will not be adversely affected.

Do you specify any input breaker and cable capacity for the machine, if
yes, give ratings.

Max current distortion caused due to nature of load THDI1%

Connection — 1ph/2,3 wire or 3 ph/ 3,4,5 wire

Dedicated earthing required / not required

Can abrupt power failure cause electrical / electronic part failure?

Does machine always require un interrupted power and orderly shut down

What is the temperature and humidity range for reliable operation of
machine electrical and electronic parts

Do you recommend dust free air-conditioned atmosphere for reliable
machine performance
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Load proflle and Power Quallty Parameters for 24 hours at TR 1 Secondary
Parameter with Unit |I_Init Average Minwmum| Maximum

Load profile

Active Load KW 707,86 0 572.39
Rearctive Power Demand FAAFR 6486 5 321 89
Apperart Demand BB 712,16 376.76
Line currenl RMS AL Arnps 1014 1266
Line current RMS A2 Amps 938 1270
Linc current RMS A 2 Amps 966 1240
Currenl Lolal harmonic dislorlion AL o 6.331 o7
urrent total harmonic distorfion A2 ¥ A.3p4 12.5
Current total harmonic dictortion A3 % 7708 ils
Currenl inbalance | unb ¥ 2.031 &1
KFactorfine 1 1.1287 1.35
K FoctorLinc 2 1123 1.48
K Faclur Line 3 1173 1.44
Fower factor 1 (L4494 (L3440 LYY
Powaer factior 2 0.993 0.232 0.997
Power factor 3 0.933 0332 0.997
Power factor mean L9393 03 094/
Power Quality Parameters while supporting shove lacd

2
olo|lajm|lalolao o|lale o

Parameter with Unit Unit Average Minumum| Maximum
Frequency 34,4938 443.69 a1/
Line to Line Voltsge U 1 RIS 116.66 0 A38.8
Line to Linz Yoltege L 2RME 4106.31 13 437.1
Line to Una voltsge U 3 RME 41404 0 433
Maximum Line voltage observac A69

Minimum Line Voltage observac

Voltage total harmonic Distorton UL
oltage total harmonic Distorion U2
Voltage total harmonic Distortion U3 2068 4.9
voltage imbalence v unb 0.395 ; L&
Fliker Pst U1 0.326
INiker Pst U2 0.291 2 .45
Fliker Pst U3 L2383

Phase differarnce as racorded ateven time

L9606 3.2
202 3.5

‘J:EQEQH:-:-:-:-:::E

¥a T v SN
P
\1 67.

T. ,
: 0.0°

19.932 (ms)
13:03:39.767
1512 2015

Vollage Lansienl vcearance recording, Transienl ireshold sel al +/- 33% ol No ol
I ine to Meatral irstantaninus voltage. Transients
Volage Alarm recording. Threshold set at +/- 5% cf 420V Mo of Alarms
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@ 20 x@® 58 x

E

3583
1.52k

A

-1.52k
-3583

et= S0ms W1=+3474 Al=+].298k

Commentsand Remarks

1) Thisismost upstream point in transformer 1 secondary circuit. The average loading hereis
700KW, while peak loading is 872KW.

2) It can be seen that the reactive power requirement on continuous basisis negligible and
average power factor is0.99. Average current harmonic distortion is below 10%.

3) Maintaining unity power factor by controlling reactive compensation and harmonic
distortion goes hand in hand and in turn can affect power quality, if executed using a
wrong method.

Power factor control is achieved using contactor switched detuned filters. Due to this
harmonic amplification is observed to be negligible.

List of alarms and transients is quite alarming. 99 alarms are recorded during which the
voltage has crossed +/- 5% of 420volts. Few of these alarms have lasted for less than a
cycle whereas few have lasted for several cycles.

K factor observed isless than 2 and transformer peak loading is 50%. This has resulted in
on load voltage harmonic distortion to be less than 2.5%.
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Load profile and Power Quality Parameters for 24 hours at 1TH 2secondany
Parameter with Linlt |l|nIT AVPTAgR mMinnmuim|  Maximom
Lead profile
Active Load KW 701.7 541.E6 31B.B6
Reactive Power Demand KWAR 95128 -108.85 252,441
Apperant Demand LAV]LY Falilr | LY. T | WL
Line currenl RMSA L AT 1034 810 1209
Line current RM3 A 2 Amps 1000 Fits: 1200
Linc current RMS A 3 Amps 939 723 1116
Current total harmonic distertion A1 ; 11 902 7.5 162
Current total harmonie dlstortion A2 1239 A4 17.5
Currenl Lolal harmonic dislorlion A3 13.858 9.6 188
Current Imbalance | unb ; 3,146 2.000 4,500
K FactorLinel 1.5 1.32 1.83
K FactorLine 2 154r 1..b 1491
K Faclor Line 3 1674 1.28 211
Power factor 1 0.99 0,943 0.93G
Mower factor 2 0.928 0,929 0.995
Power tacior 3 0.986 2932 0.993
FPower factor mean LIR7/ n93a 995

Puwer Qudlily Parsimelerns while suppuorling sbove laod

Parameter with Unit i Average Minumum| Maximum
Froguoncy 49.9604 49.71 .21
Line to Una "-"Dl‘tEEje L1 HMS 414234 2H1H a3 /3
Line ta line Voltage |l 2 RIS ATANR 3=3 A3ZAR
Line to Lins Yoltage U 3 RMS 411.913 391.3 434.5
Maximum Line voltage observec 439.1
Kinimum Line Voltage cbservec 321.1
vaoltage total harmaonic Listortion UL 249b2 2 L]
Vollage Lotal hanmonic Dislorlion U2 2972 z22 3.8
Vaoltage total harmonic Distortion U3 3.188 24 4.1
Voltage imbalcnce V unb 0.267 02 0.6
FlikerPst U1 0.353 032 064
Fliker psr 112 a3 a2 .19
Fliker Psl U3 0.347 .21 071

Phase differsrce as recorded at even time
AT 6

-

NPT

: : 19.808 (ms)
13:02:20.030
120.3" T 14122015

Vollage Lansienl uccurance recording. Transienl bireshiold sel 4l +/- 33% of No ol

Line to Meutral instantanious voltage. Transients
Voltage Alarm recording. Threshold setat +f 5% of 420V, Prolongec sags

lasting upto 2 minswere observed Mo ot Alarms
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Commentsand remarks:
1) Thisismost upstream point in transformer 2 secondary circuit. The average loading hereis
700KW, while peak loading is 818 KW.

2) It can be seen that the reactive power requirement on continuous basisis negligible and
average power factor is 0.98. Average current harmonic distortion is up to 13% and there
isamplification of harmonics. Occasionally voltage distortion also touches 4%.

- <

-t A-tr-K1-t -

- —

14-12-2015 27:58.180 (min:s) 14-12-2015
12:52:55.556 5 min/Div 13:20:53.736

Current, Voltage distortion
reduces if capacitors are
disconnected

d
T~ T - JTTTHR T T-T~ 71~
¥

14-12-2015 28:19.490 (min:s) 14-12-2015
12:50:30.000 5 min/Div 13:18:49.490

3) Maintaining unity power factor by controlling reactive compensation and harmonic
distortion goes hand in hand and in turn can affect power quality, if executed using a
wrong method.
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Power factor control is achieved using contactor switched detuned filters. Due to this
harmonic amplification is observed to be less, but in case of Tr2, load fluctuations are
more and due to this contactor switched detuned filters do not provide continuous and
exact correction (Thisis result of inherent delay in contactor switching).

14-12-2015 1:00:00:35 (d:h:min:s) 15-12-2015 I
12:50:30.000 4 h/Div 12:51:05.000 ’

Chiller forms almost 33% of total 1oad on this transformer and has a separate detuned filter
panel connected to it for power factor improvement.

99 alarms are recorded during which the voltage has crossed +/- 5% of 420volts. Few of
these darms have lasted for less than a cycle whereas few have lasted for several cycles.
Actua alarms recorded were much more, we have neglected al those alarms which were
recorded at exactly 399 volts and have considered those alarms which were bellow 399V.

If transformers tap — changers and secondary side connections are not checked / serviced
in recent past, we recommend thisto be done to rule out possibility of any lose connection.

During audit — HT side alarms are aso recorded in large numbers. Lowest alarm
conditions observed on HT side are even 50% of nominal voltage of 33KV.

9) K factor observed islessthan 2 and transformer peak loading is slightly more than 50%.

10) Most of the feeders on which electronic failures are observed are associated with
transformer 2. Hence we have also recorded power quality parameters on these feeders for
24 hours. These feeders were suggested by A Leading Pharmaceuticals Company
maintenance team.
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Load protile and Power Quality Parameters for HUAC MCC 2 GEME 237
Paramaterwith Linit |Unit Mvarage Iinumum|  Maximom

Load profile
Motive Losd FW 444 Nl.5ds
Hezctive Power Lemand KEVAR BN 4
LpperartDiEmand EWA ar { a4%.4491
umecorrent EMVIS AL A ps a4 L raid
e current HMS A 2 AT ps WL E fled
UnecLerenTtRMVIS A 3 AFTPS 38.0d7 i T332
Fezk crrent demand Arnps 330 : A03| Inrush

Current total harmanic distorion &1 # AR i 455 Current
Current rotal harmanie disorion A3 ¥ 41134 i 469 disrorion 1san

Current total harmnonic distormion A3 # 31,737 7.5 higheridzs
Tureend lmkralance 1 ond ¥ 3.571 E: T.200
K Faddmn lin= 1 6805 | TRR
K Faclu Linz 2 6. 706 A48
K Faclw Lipz 3 7.119 .23
Fowe: ladlw 1 0.51 0.425 0,845
Fowe! [adlu 2 054 2.417 0,865
Fowerfactor 3 0,807 0412 803
Fower factor mean 619 3.413 0.828
Power Quality Parameters while supporting above laod
Farameter with Unit Unit Average Minumum| Maximum
Fresuency Hz 33,933 43.37 5024
40709 a 415.8
408,04 J 415.8)
405,175 0 4124
424.8

¥ tactor ison
migher sids

Line to line Voltage U 1 RMS

Lire to line Voltage U 2 kM5

Liretolire Voltage U J RMS

Maximum Lre voltaze obs=rved

Minimum Line Yoltaze obs=rved
voltege total hermonic Distortion UL
Woltzge total harmonic Cistortion U2

o [ -l - ) (s

2,979 i 58| Wex distortion
303 i 6.6 iconnigher

Woltzge total harmaonic Cictortion U2 3.201 i 5.9 side,

Vaoltegr imbalance V enb 0.437 ; 1
Fliker Pst UL 0.256 0.E2
Fliker et U2 0,239 ; d.81
Fliker Pt U3 231 .78

Phase ditterernce as recorded at sven tims

R

b
a0:26 43 7EE

1TA22IHE

wiliap= lrensienl cocuranecs =oading. Transienl thresbol el 8l +H-3%al Mo’ A% ofthesa
ine lo Meulezl inslantanious vollags. Tramipils are recorced

Villzgs Alar recording, Threshold selal +/- 5% ol 4200, Brolunged sag oot i during L/t on
laaling uple 2 imins were ubaeryed s L power failure
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18-12-2015 - 00:42:55.000 18-12-2015- 00:4255.000

@& 26 x@ 453 x

ar3
145

s

-145
=373

«t= S0ms W1=+3357 Al= +65

Commentsand remarks:

KW / KVAR load on the feeder

45.00

40.00

35.00

L 4L _
— = 4

30.00

25.00

20.00

15.00

10.00

5.000

L - L L4

0.000

17-12-2015 15:13:50 (h:min:s) 18-12-2015
17:58:00.000 3 h/Div 09:11:50.000
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Current and voltage harmonic distortion

fr-TrT-r-r-r-

17-12-2015 B H min: 18-12-2015
17:58:00.000 i 09:11:55.000

Lineto Line voltage

450.0
445.0
440.0
435.0
430.0
425.0
420.0
415.0
410.0 P&
405.0
400.0
395.0
390.0
385.0
380.0
375.0
370.0
365.0

N A E e

17-12-2015 7:04:36 (h:min:s) 18-12-2015
17:58:00.000 1 h/Div 01:02:36.438

Theload on this feeder is more or less constant as the same is mostly HYAC AHU / water
pump |oad.

The current harmonic distortion is too high pertaining to VFD load. The voltage distortion on
DG ison higher side and touches 6.6% max. This can trouble VFDs and other sensitive
€l ectronic equipment.

The input voltage available from raw power is not stable, while the same appears to be stable
on DG.

Abrupt power failure and change over to DG has generated large number of alarms and
transients. These disturbances can trouble critical |oads.

K factor is also on higher side. It is recommended that incoming cable size for thisMCC
should be checked for this type of load.

60AmMps active harmonic filter may be installed across the main incomer of this feeder. This
will help in reducing voltage distortion as well asK factor of thisload and in turn power
quality available to thisload will improve.
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Loanl profile amd Power Qualily Paramelers ho HYAC-MOC-04

potfer P10

fiuture

Renark

Farameter with Unit

unit

Average

IV nuEmEm

IMaximum

Load profile

Active Lood

K

29.807

33,929

Resctivs Power Cemand

KvVAR

110607

24042

Apperant Demanc

ENA

320011

8488

irecurrent RMS AT

Arnps

L.

A8

Lirecurrent RMIS A2

Armps

15,551

83.52

Lirecurrent RMS A D
Fegk currenl demand

Armps
Arnps

44,213
133

316
13184

urrent total harmonic distortion A1

#

401

g Lurrent

Zurrent total harmonic distortion A2

%

35.181

[ ]

143 3| Jictorticn is on

Current total harmonic distortion A3

%

37342

o

130|Higherside

Current Imbalance | unk
® Faclw Ling 1

#a

J.813
§.383

=
=

15
18.72

K FACIONLINES £

0.300

—

2404\ K fector 1s on

K FactorLins 3

6.779

a

2353 higher side

Fowerfactorl

9349

3.453

0.9e2

Fowerfactor2

(335

3.203

250

Fowerfattor3

.918

0.498

0,947

Eowertactor mean

.931

1375

5955

Power Cuality Parameters while supporting above laed

Parameter with Unit

Fresuency

Unit
Hz

AVErage
45.36

Iinumum
46.77

IMaximum
.54

UretoUre Voltage U LRMS

07,333

J

418, 1

inemnling Woltage |12 RMS

407008

1

4176

Lineto line Voltage U 3 RMS

405,233

a

416.3

Maximum Line voltage obszrv=d
Wiriimom Line Yullaze obszmved

MA

422.2

voltzgs total harmonis Distoricn U1

ol [ - (- I I 4

Lad!

4.6 yoltegs

Volt=gs total harmznic Dictortion L2

14831

A 6| citorticn s an

Vaoltogr total harmeoniz Distortion U2

Ea s

3.107

49| higherside

voltzgs imbalence V unb

%]

(.598

0.7

Fliker Fst UL

0.533

3.02

Fliker Pet [17

L3

259

Fliker et U2

0.233

.51

Mhasc difference as recorded ot ocvon time

e P
A

‘g{“

il
L]

115.9*

MON gl

R '__

1

Popene

v

13.94E {ms)
07 :£2:04.85 8
A7-12-204 5

Cisturbancos
are recordez
eround DG

Wiltsgs fransient morurance recnrding. Transient threstol setat </~ 33% o Moot

Line to Meutrsl instantanious voltsge.

Transients

changrover
during cower

Woltegs Alarr recording. Threshold zet at 1/- 5% of 400V, Prolonged zags

Mo

ot Alarms

failure
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Commentsand remarks

55.00
50.00
45.00
40.00

35.00

e Ll e R e e e

30.00

25.00

20.00

15.00

10.00

5.000

1T
F4-H-t+-
L 44—+ -

0.000

17-12-2015 6:51:30 (h:min:s) 17-12-2015
03:00:00.000 1 h/Div 09:51:30.000

The load on this feeder is more or less constant.

The current harmonic distortion is too high pertaining to VFD load. The voltage distortion on
DG ison higher side and touches 5.5% max. This can trouble VFDs and other sensitive
electronic equipment.

Abrupt power failure and change over to DG has generated large number of alarms and
transients. These disturbances can trouble critical |oads.

K factor is also on higher side. It is recommended that cable size for incoming supply to this
MCC should be checked for this type of load.

60Amps active harmonic filter may be installed across the main incomer of this feeder. This

will help in reducing voltage distortion aswell asK factor of thisload and in turn power
quality available to thisload will improve.
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Load protilc and Mower Quality Maramocters tor Process MCC 3 (GEME 244
Paramcter with Unit |Unit Average Minumum| Maximum
Load profile

Brtive Logd KW 21.E87
Rezctive Power Demand K¥WAR 14.573
pp=ra | D=zl KW A ?5.80%
Inerument RMS AT Amps 39.163
UnmecorrentRVES A 2 AMCS 37.795
LnecurrentTKMS A 3 nmes 3051/
Feskcurrertdemanc Amgos 33.711
current total harmonic distorticn AL kS 17125
Current total hermonic distoricn A2 % 20.590
Current total hermonic distortiocn A3 b 17.655
Zurrent Imbalznce | unb 2 7.8
& Faulu Line 1 4.542
K Fadn Fin= 2 1114

(2292
42,039 Wid=hy variable
4757 liaad
10836
I3 32
LAl
173.58
L5 Current
B804 hammonics ars
7.1 on higher=ids
429 Hign imbalznce
3L5S
R38R Higher Ko
KFatmoriin= 3 A0y v 155 linear| can
Fowearfactorl U.ls 0530 L. 950
towerfactort Juedz 0.5:4 0.3
Foweartactor2 0,81 0,629 0.29
Mower factormzan J.827 0.553 0,952
Power Quality Parameters while supporting above laod
Parameter with Unit Lnit Average Minumum| Maximum
Fresuency Hz 30,015 43.29 L33
Line Lo lne Yollege U1RNMS 408,225 0 4157
I'"F'I"I'I"P'JI‘IITEEFUJ'RN‘. A0R. 367 | 4157
UnetoUna 'y ﬂltEEE L3 RIVE 405373 0 4131
Maximum Line yoltage observen a4y

=== = = = = =N =R =N =N = =)

LB Sl R N

Minimum Line Yoltage observes
Woltzge total harmonic Distortion UL
Woltoge total harmonic Distortion U2

3.027 B.6  Very hign
3105 ; E.3 voltage
woltege total harmonic Distortion U3 1261 7.0 distortion
waoltzgs imbalance WV unb 0.515 21
FlikerPst UL 0.4 341
Flikest Psl |17 1.41% 355
Fliker Pet |13 1.354 341

Phase difference as recorfed at even ime

|| E | F

24025 agz

e
¢ L
e,

Co ) e
. 1
’

20.092 [ma)
230040130
7-12-2018

willgps lrsmsien oncananec resonding. Transienl Heeshold s=0:10+-33% o7 Kool ;
< 5 hramel During DG

Ine i Meutre| InsTanTanins voltage Translents
Changoover

voltzges &larm recording, Threshold s21 21 +/- 5% of 300v. Prolonged s2gs Mo Of alarms
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123 123 123 123 123 123 I123 123 123 123 123
Mabss  Mbse  AbAbsT  AvAbs  AhAbs9  AhAbsi0 Mfbstl  MhAbs12  AbAbs13  AhAbs1d  AhAbslh
17-12-2015 - 19:1358.000 17-12-2015-19:13:58.000

Commentsand Remarks

LinetoLinevoltage

450.0

400.0 =

350.0

300.0

250.0

200.0

150.0

100.0

50.00

0.000

17-12-2015 11:05:51 (h:min:s) 18-12-2015
17:54:08.000 2 h/Div 04:59:59.000

There was a power failure during recoding time. The voltage is more stable during the period
when DG isON.

p—_—

17-12-2015 11:05:51 (h:min:s) 18-12-2015
17:54:08.000 2 h/Div 04:59:59.000

Thisis process MCC and the load is continuously variable.
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K Factor

[ 40.00

35.00

30.00

25.00

20.00

15.00

10.00

5.000

0.000

17-12-2015 11:05:51 (h:min:s) 18-12-2015
17:54:08.000 2 h/Div 04:59:59.000

Theload is variable and Non linear in nature. Load current in all three phasesis not equal.
Load exhibits large K factor ranging from 2.5% to 30%.
Linecurrent Amps

120.0

0.000
17-12-2015 11:05:51 (h:min:s) 18-12-2015
17:54:08.000 2 h/Div 04:59:59.000

Line current is not balanced and also fluctuates continuously
Current imbalance

50.00

45.00

40.00

35.00

30.00

25.00

20.00

17-12-2015 11:05:51 (h:min:s) 18-12-2015
17:54:08.000 2 h/Div 04:59:59.000

Thereis substantia current imbalance as a result of nature of load.
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Current harmonic distortion

100.0

e ———

17-12-2015 11:05:51 (h:min:s) 18-12-2015
17:54:08.000 2 h/Div 04:59:59.000

Current distortion ranges from 10% to 90%.
Voltage harmonic distortion

10.00

—_——t e e Ao

T
|
|
|
|

-+
|
|
|
|

+
|
|
|
|

+
|

L
17-12-2015 11:05:51 (h:min:s) 18-12-2015
17:54:08.000 2 h/Div 04:59:59.000

Corresponding voltage harmonic distortion ranges from 3% to 6%.

Theload on this feeder is continuously variable and also largely nonlinear. The load is not
same on all the phases — may be as requirement of process machines.

The current harmonic distortion is too high. The voltage distortion on DG is on higher side
and touches 5% max. This can trouble VFDs and other sensitive electronic equipment.

Abrupt power failure and change over to DG has generated large number of alarms and
transients. These disturbances can trouble critical |oads.

K factor is also on higher side. It is recommended that incoming cable size for thisMCC
should be checked for this type of load.

60Amps active harmonic filter may be installed across the main incomer of this feeder. This

will help in reducing voltage distortion aswell asK factor of thisload and in turn power
quality available to thisload will improve.

Page 38 of 46




Powrar Tliv @Rnan Sanmnhs

Load proflle and Power Quality Farameters for Frocess motor control center (PMCC)
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Parameter with Unit

|umit

Average

Minumum| Iaximum

Load profile

active Logd

()

30,5496

13673 75448

Reactive Power Demand

EMVAR

1e.22

-5.833 £6.018

BApperant Demanc

KA

34,743

13.761 04l

Urecirrent KEMS AL

Arrps

alaH

23 Li3

Lirecurrent RMIS A2

Arrps

52,825

5.3 1224

lrecurrent RVIS A3

AT S

32,139

2.2 153

Load is
variable,

kezk current demand

AT s

1414

M s

oo High

Current total harmonic distortion A1

s

31147

2.3 46,1

Zurrenl Lotal harmuonic dislo Lion AZ

353.314

i3 46.7

current total harmnnin distortion A3

31456

9.3 418

current
dislorliog isun
Higher side

Current Imbalance | unk
KFadw Linz 1

3,935
3,554

0.2 10.9
1.43 10.63

K FactorLins 2

5.389

145 349

KTlactorLlins 2
Fowerfactor 1

131
0.3l

143 3.53
3.621 0.341

Fowerfactor 2

0921

J.657 0.956

FowerfactorJ

0.921

J.653 0,959

Fower factor mean

(918

J.643 (343

Power Quality Parameters while supporting above laed

Farameter with Unit

Unit

Average

Minumum| Maximum

Frezuency

=
(=]

34494

49,44 3.2/

Lineto line Voltage U1 RMS

408,134

3043 416.6

Line to line Voltage U 2 RMS

438,231

333 417

meamiine 'ulf'llT:lE[F' LA RS

Al 4

M2 4144

Maximum Line voltage obsorecd

416.1

Wlinimum Line Yullaze obssmved

3523

Wnltage fntal harmonin Distartion |17

? 3.4

Voltzge total hormonic Cictortion U2
wullzps LWotal hermonic Distorlicon U3

a5 B I ) S

a2 2.2
23 3.8

waoltzgs imbalznce W Lnb

=

L 0.7

MMiker Pst UL
Fliker Pst Uz

155

332

FlicerPst U2

3.55

Phase differernce as recorded at sven ti

oL

mEe

L

TN 18D,

, I_'-,:q[ e

.

AL

:h-[I.F

203 ims)

OT:E1:48.462

1122005

Woltzgs trensient cocurance recording, Transient thresholz setat+- 33% of Mo of

inetn Meutral instantanions volrags.

francients

Woltcgs &larm recording, Threshold setat +f 5% of 400V, Frolonged sags

Mo of Alarms

Apgesred
tunng normsl
opcration
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123 123 123 123
MAbss  AhAbs6  AhAbsT  AhAbsS
16-12-2015- 17:30:57.000

123 123
AhAbs10

Mhabstl

123
Mhabs1?

123 123 123 123
MhAbs13  AhAbs14  AhAbsly  AhAbsls
16-12-2015 - 17:3157.000

Commentsand remarks

LinetoLinevoltage

-

16-12-2015
15:25:22.000

11:34:37 (h:min:s)
2 h/Div

17-12-2015
02:59:59.000

Voltage varies continuously. One can see many operations of tap changer.

L oad current:

350.0

300.0

250.0

200.0

150.0

100.0

50.00

R T [l U R i

16-12-2015
15:25:22.000

11:34:37 (h:min:s)
2 h/Div

17-12-2015
02:59:59.000
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Current harmonic distortion

50.00

45.00
40.00
35.00
30.00 [

° 25.00
20.00
15.00
10.00

5.000

16-12-2015 11:34:37 (h:min:s) 17-12-2015
15:25:22.000 2 h/Div 02:59:59.000

Current harmonic distortion varies from 5% to 45%.

Theload on this feeder is continuously variable and also largely nonlinear.

The current harmonic distortion is too high. The voltage distortion caused due to thisis not
very alarming as the same is below 5%.

Thisrecording is done purely on raw power and not on DG. As shown on next page Tr2
secondary voltage (which is source for this feeder) follows 33KV input. Incoming 33KV is
corrected frequently by upstream utility side tap - changer and the associated voltage

variations are reflected on transformer secondary and further they reach this feeder.

Frequent peak inrush current requirements ranging from 150Amps to 380Amps are observed
on this feeder, whereas average requirement is bellow 100Amps. If possible these |oads may
be identified and provided with soft starters. (If they are motor loads)

The majority of the load catered by this feeder is non linear and current distortion ranges from

15% to 45%. We recommend 60Amps active harmonic filter across the main incomer of this
feeder. Thiswill help reducing high frequency currents carried by long incoming cables.
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TR1

15-12-2015 11:03:38 (h:min:s) 15-12-2015
12:56:21.000 2 h/Div 23:59:59.000

14-12-2015 11:39:29 (h:min:s) 15-12-2015
12:50:30.000 2 h/Div 00:29:59.000

14-12-2015 11:09:29 (h:min:s) 14-12-2015
12:50:30.000 2 h/Div 23:59:59.000

33KV and TR2 secondary trends are recorded on independent power analysers, simultaneoudy. The
trend is presented above with same START TIME. One can see that source of most of the voltage
variations seen on TR2 secondary is variation on 33KV incoming line.
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Feeder wise Power Quality Report

1=eder { | eder Liroup L Powrer Luality Farameters llarmonic Cument Amps evare il
Uthd| vthd| 1owgl 17hd

TE1 Pzl 2| Wahng ¥ 7| Bimpry T i Zad{  Elh 11
Mand 3 L 233 27 : 93 a2 15 ] k|
FADF I # 24%) 24 -] &0 165 B £ a
FALE = Py 23 i Bl i 4 : 1
EALDE )k 244 2 g & - 1d -
EADE 2 233 2.7 . 7 an 3

Roenmmendation

Ileet Puir o GCNE 200
Bam Lighianz MLUE 1
Ukility MCC 3
Wiilily MO0 7

12E0ENAR APTZ Dellverdng 280 KvAR

ctal
lotal

M higee 1 Tn D
TADT £ 234 2 3 14
FADF 3 13 z ZE.5
EALE & 12 dl.d
Tilal

reeder f Feeder Ceniip N Powrer Nuallty Parameters
l.ltl'l-d' Uth{I IAHE IIIH:I

15:2- Phase 2 U ANz W

MAPNE 4.2
FMCT ¥ = 3 1A

riZommeon fzeders

Chillzr 3
FAITIR 2
Faln LIPS Penel

It 2 Fhase 4
ETI
HWATRIC
IIVAC WICd
FAPLL LML £k
FAFDE MDD

R -

This column clearly shows that majority of
the load is non linear and demands harmonic

current.
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These harmonic currents generate electrical noise which travels through the distribution in either
conducted or radiated mode or both. At present the reactive power compensation at transformer
main LT, being of detuned type, avoids resonance and harmonic amplification while correcting the
power factor, but these harmonic currents travel to their respective common bus bars, get added
vectorially and travel further upstream. Their presence is damped only due to phase cancellation at
each common point. In case the maintenance issues are at bothering level, these harmonic currents
need to be constrained to flow upto possible downstream level. This can be achieved by connecting
active harmonic filters at respective PCCs which help in cancelling the harmonic currents by drawing
antiphase currents from source. We have recommended active filters at various feeders in above
table. TR 2 implementations may be done on priority and TR 1 may be compensated subsequently
as per available budgets.
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UPS Input side Power Quality Parameters and Overall efficiency.

Voltage  Valtage 1110V 8 |Cormant HELS [t put
Tl ax W L fax Vv |[Wiaw hAax L Max EW PWlax | KW
LPS-1-2IK v Imput -1 EEME-113) 3357 4127 105 15 1 0.170
LPS-2-20K WA Inpul -[EEME-219) 237 AC0T. 1 ¥ 5.1 AQ.T 5.9 5
LPS 3 20KvA Input (SEME 146) 233.2 4034 . Hit 0.4 2 1
LUPS 4 20KVA Input (CEME 147) 2325 4016 B .2 i 2.1
| -be MR WA I Ay Tt x e B |
LUE3-6-20Eu A Input 233.46 4039 } i i3.7
LE3-8- 20EWA Inpot | SENE-193) 232 359.5 ;i ; 10.3
LP5-7-206WA Inpul [SEME-193) 233.7 38,9 . 1541
UPS 9 20KVA Input [CEME 203) 235 354.5 = 3.9
AOEWA [IRS Dnput (GERF 1.-".5‘] AIER 411.7 = IREN
MIEWA P Input (G R -'1?4] o | 4R A | s
30KV A UPS Input 23589 4124 3 . 44,2
L1GOEYA UPS Ingut 235.1 b ] 2.4
TulLal

UPS Input

Almost all UPS systems have Thyristor input stages
and hence draw harmonic currents from source.
The UPS load is hardly 5% of total plant load, so
this is not major matter of concern.

Due to part load conditions, overall efficiency is
about 80% and plant spends 20Kwh / hour on
conditioning the power and supplying

uninterrupted power to various critical loads.

UPS output side PQ parameters

Voltage |Voltage LH{THD WV % [Currant THD 1 %%
Max v L hlax ¥ Max Mlax M Man
UHRS-1-20KW A Chatput L3004 L 1A P
LRS- 2- 20N A, Dutput 2204 - 3.2 14.4
LIPS-3 & 4 -2080W A Cutput 2307 % 4.3
LIPS 5 & 6 20EWA Chitput 234 9.7
LIPS 7 & & 2OMWVA Cutput 2194 5 .5
UNE 9 20EWA Oulpul 228.6 1 48.6
A0ENA UPS Oulpul 230.5 ‘ 13.7
S0KNA UPS output 232.7 4 15.3
LLUE VA UES Output (GEMNE-3UG) 231.2 Tl

UFS Output

L7 v N U N O I R S

UPS installed capacity is 480KVA, while their outputs
supply 81KW to various loads which are nonlinear. The
UPS output voltage distortion is less than 2% while
supplying load.
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Earthing Resistance

Earth Resistances check Earth Resistances check

Fasdsr Nams Earth logp | Commant Feadar Mama Earth loep Commant
reslstance | on carth resistance  on carth
ohm resiztance shm resiztance
NL3EE 0 Jk(arFCponcl HE hO4L He
W carthing
N458E8 sheule be
7E 2 kgL Improscd | WMEDE 025
FOC L [male LT Fanclj ' DK (MFDEMCZ 09 hO43
FOC 2 [maln LT Fancl) .| ETR 20228
s I TR (HVA T BT O 4R
T2 (. T | Phasp-d
-3 (117 LK [Process Motoreontenl centre (PRI :: TRIEMY

I rhanpenwver Panel i HL (LT i LIS
LY Fane| 1M AL TH- L2 ¢
APLL Parel -1 | i'.h'.”PZ'n'r!.ii] L[S0 L2
APl Panel r-2 | I"h'.”K'n'a!.'E]
Changeene s Suateh Mo 1L DA S FEnel LIIHa

Changeoner Switch Mo s (1 THE [0 ¢ R WLt Pame | LR

ihangeoner Switek Mo d HES-Y irtpat Hamed Iy

L hangrover Swiitch Mn s 111 D ES-E & b tpat Pane 1.7
AP Harel-na LI HES=1 it Paned 141
Changeconwer Switck Mo 01 L UPE-2 e d Dwtpot Paned 2,038
Itility MCC T | IR S-1 0011
Utility MCC-2 1L O | P 3-3 0z
Utility MCC-3 | P3-2 010
Air Comprassor-1 Elups-4 110

Air Compraszor-l 1.7 L [LIP3-E 0a?

Frocess Area Distrioufion Parsl-1 PACP-1 [P 5-0 057
E|LURS-F 051
L UP3-E 051
K|UR3-£ 0.30
F| LG0T A UPS Dot Pznel 00
Frocesy Aed Disbribalicn Parcal-§ PADP- K| L0 A UPS 0068
Fligsa-3 150V leolation Transloimer Al
FCC-3 BRI LIRS 0028
Frovess WoC-3 A Lulalion Transluimer 0025
HWAC MICC-2 ] [0 BV A URE [GEME-223} 0025
APEC panal -H4 [0 EuA UBE [GEME-32) 0.024
I PDE AT UES [GENE-324] lnpul Swild 0.051
b PDB W IC-04 L [A0ENA UBS [GEME-325] Inpul Swild T069
EF 1, ¥ [0 UBS u gl sweiluh 0039
HVAC MCC-01 C|BO0RA UEE Dulpul 0.95
SHCVA Inpul Swilch 0.037

Frocess Area Distribution Parsl-1 PADP-

Frocess &rea Distributicon Parzl-3 PADP-

Frocess &rea Distribution Parzl-4 PADP-

Frocess Area Distwributicn Parzl-5 PADP-

n | | B | aa | kA

Above table shows earthing resistance measured within loop. The Neutral Earthing Resistance for
transformer 2 is slightly on higher side and should be attended. Rest all earthings are in good
condition.
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