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Executive Summary
Background of the Project

The Atal Mission for Rejuvenation and Urban Transformation (AMRUT) was launched by Prime Minister of
Indiain June 2015 with the objective of providing basic services (e.g. water supply, sewerage, urban transport)
to households and build amenitiesin cities which will improve the quality of lifefor all.

To facilitate market transformation and replicate Municipal Energy Efficiency Programme on alarge scale in
India, Ministry of Urban Development (MoUD), Government of Indiasigned aMemorandum of Understanding
(MoU) with Energy Efficiency Services Limited (EESL), ajoint venture under Ministry of Power, Government
of Indiaon 28" September 2016 under AMRUT. Thiswill enable replacement of inefficient pump setsin Public
Water Works & Sewerage Systems (PWW& SS) with energy efficient pump sets with no upfront cost to the
Municipal Bodies. Theinvestment will be recovered in form of fixed annuity.

Energy audit and optimizing energy consumption are mandatory reforms under AMRUT. EESL and
“Department of Urban Devel opment, Government of Uttar Pradesh” have jointly entered into an agreement on
9" February, 2017 in order to provide an overarching framework to facilitate engagement between State
Government and various ULBs (covered under AMRUT) of Uttar Pradesh. Under this agreement, EESL is
undertaking the project to replace old inefficient pump sets by energy efficient pump setsin Agra City of Uttar
Pradesh.

Description of Facilities

Agraislocated on the banks of the Yamuna River. Water for Agrais drawn from Yamuna River at following
locations:

e Jeoni Mandi
e Skandara

There are 4 Water treatment plants which supply treated water to Agra city. There are 3 nos water treatment
plant of 90 MLD, 20 MLD & 10 MLD capacities at Jeoni Mandi and 1 nos water treatment plant of 144 MLD
at Sikandara. Clear water from Water Treatment Plantsis distributed through different Water Distribution Zonal
Pumping Stations divided among three zones. Description of facility and water pumping stations of Agrais
provided in table below:

Description of facility and water storage capacity

Facility Name & | Source of MU 2D MLD Type of Number of Nof.
Location water Capacity Storage | Reservoir/Clarifier o
pumps OHT
Old Intake Well River 3 295 MLD Intake well 0
2 New Intake Well River 3 8':32; Intake well 0 0
New Jal Nigam , Mandi
3 Intake Well River 3 Water Intake well 0 0
Jeoni Treatment
HT Plant . Clear
4 (Golkamra) l\\/l/\?.?g' 3 Plant) Water 1 0
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Facility Name & Source of MU 2D MLD Type of Number of ok
s of . : - of
Location water Capacity Storage | Reservoir/Clarifier
pumps OHT
Jeoni Clear
5 | Synchronous Plant Mandi 2 Water 0
WTP
Jeoni Clear
6 8 VT Plant Mandi 7 Water 0
WTP
Jeoni Clear
7 Flowmore plant Mandi 5 Water 0
WTP
. Sikandra Clear
8 Sanjay Place ZPS WTP 10 6.9 MLD Water 0
Jeoni Clear
9 Kotwali ZPS Mandi 5 3.15MLD Water 1
WTP
Sikandra Clear
10 | Surya Nagar ZPS WTP 5 3.49 MLD Water 0
Mathura Road Sikandra Clear
11 ZPS WTP 4 3.63MLD Water 0
Jeoni Clear
12 Trans Yamuna Mandi 2 0.8MLD Water 0
WTP
Lawyer's Colony Sikandra Clear
13 7PS WTP 4 1.03MLD Water 2
Nirbhay Nagar Sikandra Clear
14 ZPS WTP 2 0.4MLD Water 0
15 | Lohamandizps @ Skandra 5 5.73MLD Clear 1
WTP ) Water
Keshavkunj ZPS Sikandra Clear
16 (Bodla ZPS) WTP 5 3.8MLD Water 0
Shahganj Phase-1 | Sikandra Clear
17 ZPS WTP 8 8.5MLD Water 1
. Sikandra Clear
18 | Shahganj Phase-2 WTP 5 4.54MLD Water 0
Sikandra 0.605 Clear
19 Kedar Nagar WTP 3 MLD Water 1
Jeoni Clear
20 Tajganj ZPS Mandi 6 3.55MLD Water 0
WTP
Jeoni Clear
21 Rakabganj ZPS Mandi 5 5.05MLD 1
Water
WTP
Jeoni Clear
22 Navlakha ZPS Mandi 4 7.95MLD Water 0
WTP
Jeoni
- . Clear
23 | Chhipitola Booster Mandi 2 1.5MLD 1
Water
WTP
Jeoni Clear
24 Red Fort Booster Mandi 1 NA Water 0
WTP
AN @ 'EESE
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Summary of Performance Evaluation of Pumpsets

Based on the measurement and analysis carried out during the energy audit, the pump and pump set
efficienciesfor al pumping stations have been estimated. The summary of resultsis provided in the
table below.

Pump range and Efficiency evaluation metrics:

Sr. Pump

Weighted average pump Weighted average pump set

Pump capacity range (kW) efficiency (%) efficiency (%)

no type

8 VT Plant, Water Works, Jeoni Mandi
1 | v ] > 200 kW [ 39.98% [ 35.41%
Flowmore plant
1 | v ] 150-200 kW [ 87.13% [ 83.09%
Old Intake Well, Jeoni Mandi
1 | v ] 150-200 kW [ 37.36% [ 35.12%
New Intake Well, Jeoni Mandi
1 | v ] 150-200 kW [ 45.29% [ 42.57%
New Jal Nigam Intake well, Jeoni Mandi
1 | v ] 125-149 kW [ 36.90% [ 34.50%
Sanjay Place
1 VT 31-45 kW 39.89% 36.30%
2 VT 61-90 kW 46.85% 42.87%
Kotwali ZPS
1 VT 16-30 kW 66.48% 59.83%
2 VT 31-45 kW 20.01% 18.21%
Surya Nagar ZPS
1 VT 16-30 kW 25.27% 22.74%
2 VT 31-45 kW 27.34% 24.88%
3 VT 91-125 kW 58.87% 54.75%
Mathura Road ZPS
1 | v ] 31-45 kW [ 38.76% 35.28%
Trans Yamuna ZPS
1 VT 16-30 kW 20.11% 18.10%
2 VT 31-45 kKW 29.44% 26.79%
Lawyer's Colony ZPS
1 | v ] 31-45 kW [ 47.39% [ 43.12%
Nirbhay Nagar ZPS
1 | v ] 16-30 kW [ 78.98% [ 71.87%
Lohamandi ZPS
1 VT 31-45 kW NA 32.21%
2 VT 61-90 kW 55.40% 49.97%
Keshavkunj ZPS (Bodla ZPS)
1 | v ] 31-45 kW [ 35.40% 41.38%
Shahganj Phase-1 ZPS
1 VT Up to 15 kW 37.67% 33.91%
2 VT 31-45 kW 44.51% 40.50%
3 VT 61-90 kW 18.99% 17.38%
4 VT 91-125 kW 42.43% 39.67%
Shahganj Phase-2
1 VT 31-45 kW 43.43% 39.52%
2 VT 61-90 kW 56.77% 51.54%
Kedar Nagar
1 | v ] 16-30 kW [ 65.89% [ 59.30%
Rakabganj ZPS
1 | v ] 61-90 kW [ 40.34% [ 37.04%
Navlakha ZPS
1 HSC 61-90 kW 73.38% 70.29%
2 HSC 125-149 kW 59.19% 56.70%
Chhipitola Booster
1 | HSC | 16-30 kW [ 41.67% 37.51%

[ A\ e 'EESL
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Along with estimation of efficiency of pump sets, performance indicators such as specific energy consumption was also evaluated for pumpsin Agra. Details of
performance indicators and other operating parametersis provided in the table below:

Performance | ndicator s of pump setsof 8 VT Plant:

Estimated

Estimated

Measured . . Estimated :
. Total Pumping annual quantity Estimated Pump Pump set
. Pump Operating power . : annual power o .
Location head . guantity operating pumped . SEC efficiency @ efficiency
Reference Pattern consumption 3 consumption
(1)) (m3/hour) hours per annum (KW/KL) (%) (%)
(kW) (kWh/annum)
(hour/annum) (KL)
glant Pump-5 6&7 in 21.77 200 1255 6,267 7,865,623 1,254,300 0.159 39.98% 37.18%
parallel and
8 VI Pump-6 5 have 18.3 173 1281 2,550 3,267,546 441,212 0.135 39.47% 36.91%
Plant separate
gl a n' " Pump-7 pipe 19.9 217 1287 2,761 3,552,021 599,114 0.169 34.36% 32.13%
Total 590 3,823 11,578 6,819,567 2,294,626

Performance | ndicator s of pump sets of Flow M ore Plant:

Measured Estimated Estimated Estimated
. Total Pumping annual gquantity Estimated Pump Pump set
. Pump Operating power . . annual power o .
Location head . quantity operating pumped . SEC efficiency  efficiency
Reference Pattern consumption 3 consumption
(m) (m3/hour) hours per annum (kWI/KL) (%) (%)
(kW) (kWh/annum)
(hour/annum) (KL)
P2-200 kw
- separate
Flow PUMD-3 line, P3-
More P 200 kw 35 168 1,465 1,122 1,643,453 188,533 0.115 87.18% 83.09%
200 kw
Plant and P2-93
kW in
parallel

Sma_rt City
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Perfor mance I ndicator s of pump sets of Old I ntake Well:

Estimated

Estimated
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Measured : . Estimated :
: Total Pumping annual guantity Estimated Pump Pump set
: Pump Operating power . . annual power L .
Location head . guantity operating pumped . SEC efficiency  efficiency
Reference Pattern consumption 3 consumption
(1)) (m3/hour) hours per annum (KW/KL) (%) (%)
(kW) (kWh/annum)
(hour/annum) (KL)
old Not fixed
Intake PuUMp-6 doenpfn';gts 13.17 230 2,249 4,775 10,737,383 | 1 996,579 0.102 37.36% 35.12%
Well
source

Performance | ndicator s of pump sets of New I ntake Well:

Estimated

Measured . Estimated Estimated :
: Total Pumping annual . Estimated Pump Pump set
: Pump Operating power : . guantity annual power L o
Location head . guantity operating . SEC efficiency  efficiency
Reference Pattern consumption 3 pumped per  consumption
(m) (m3/hour) hours (KW/KL) (%) (%)
(kW) annum (KL)  (kWh/annum)
(hour/annum)
Intake Pump-1 11.05 105 1,015 6,311 6,408,023 661,671 0.103 31% 29.14%
Well
New
Intake Pump-2 2W +1SB | 12.05 134 2,079 6,679 13,887,971 892,321 0.064 54.33% 51.07%
Well
New
Intake Pump-3 12.05 150 2,166 1,146 2,481,803 171,488 0.069 50.52% 47.49%
Well
Total 388 5,261 14,136 22,777,797 1,725,480

Perfor mance | ndicator s of pump sets of New Jal Nigam Intake Well:

Estimated

Measured Estimated uantit Estimated
. Total Pumping annual q y annual Estimated Pump Pump set
3 Pump Operating power . : pumped o .
Location head . quantity operating power SEC efficiency @ efficiency
Reference Pattern consumption 3 per :
(1)) (m3/hour) hours consumption (KW/KL) (%) (%)
(kW) annum
(hour/annum) (kWh/annum)
(KL)
New Jal : o o
Nigam Pump-2 1 working | 12.06 96 1,113 4,091 4,553,116 391,767 0.086 40.82% 38.17%
. g il =
aEE" | g M\%a @
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. Estimated .
Estimated . Estimated
Measured : guantity .
. Total Pumping annual annual Estimated Pump Pump set
. Pump Operating power . : pumped o .
Location . guantity operating power SEC efficiency efficiency
Reference Pattern consumption 3 per .
(m) (m3/hour) hours consumption (KW/KL) (%) (%)
(kW) annum
(hour/annum) (KL) (kWh/annum)
Intake
well
New Jal
:\r']'t%i’: Pump-3 12.01 115 1,080 3,583 3,870,126 410,544 0.106 32.98% | 30.83%
well
Total 211 2,193 7,674 8,423,242 802,311

Perfor mance | ndicator s of pump sets of Sanjay Place Pumping Station:

Estimat

ed

Estimated

Measured : . Estimated .
: Pumping annual guantity Estimated Pump Pump set
. Pump Operating power . n annual power . o
Location . guantity operating pumped . SEC efficiency  efficiency
Reference Pattern consumption 3 consumption
(m3/hour) hours per annum (KW/KL) (%) (%)
(kW) (kWh/annum)
(hour/annum) (KL)
Sanjay
f/::i‘t:ﬁén Pump-1 26.46 78 596 1,328 791,083 104,104 0.132 59.83% 54.75%
Side 1,25in
Sanjay parallel.
Place, Pump-2 PUMPS 3, | »5 g 61 522 1,278 666,643 78,380 0.118 63.43% 58.04%
Maithan 4 under
Side breakdow
Sanjay n
E/ll:i(t:ﬁén pump-5 20.79 38 292 1,330 388,913 50,853 0.131 47.57% 43.29%
Side
ﬁ;”cjzy 1,2,41in
Hari :;1rv Pump-1 parallel; 10.05 34 359 1,339 480,673 45,823 0.095 31.36% 28.72%
at Sirc)ie separate

Smart City
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Estimated
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Measured . . Estimated :
. Pumping annual guantity Estimated Pump Pump set
. Pump Operating power . . annual power o .
Location . guantity operating pumped . SEC efficiency  efficiency
Reference Pattern consumption 2 consumption
(m3/hour) hours per annum (KW/KL) (%) (%)
(kW) (kWh/annum)
(hour/annum) (KL)
Sanjay line from
ngs‘;w Pump-2 pumpS | 9419 36 343 1,150 394,074 41,270 0.105 40.54% 36.89%
at Side
Sanjay
Place, ) 0
Hariparv Pump-3 14.75 70 615 - - - 0.114 38.54% 35.26%
at Side
Sanjay
Zg?s‘;w Pump-4 13.29 61 574 1,339 767,863 81,414 0.106 37.31% 34.14%
at Side
Sanjay
ﬁg(i:sérv Pump-5(0) 51.8 44 99 1,341 133,308 58,471 0.439 35.15% 32.16%
at Side
Total 422 3,400 9,105 3,622,557 460,315

Perfor mance | ndicator s of pump sets of Kotwali ZPS:

. Estimated .
Estimated . Estimated
Measured : guantity .
. Total Pumping annual annual Estimated Pump Pump set
" Pump Operating power . : pumped o .
Location head . guantity operating power SEC efficiency @ efficiency
Reference Pattern consumption 3 per :
(m) (m3/hour) hours consumption (KW/KL) (%) (%)
(kW) annum
(hour/annum) (KL) (kWh/annum)
Kowali | b 51 L2in | g9 28 232 702 163,004 19,565 0.12 14.44% | 13.14%
ZPS parallel -
Kotwali direct o o
7PS Pump-2 distribution. 6.49 32 424 702 297,601 22,607 0.076 25.58% 23.28%
Kowali | g | 4TOTESR 13 g9 27 186 1,625 302,157 43,862 0.145 | 66.48% | 59.83%
ZPS filling.
Total 87 842 3,029 762,762 86,034
Atal Mission for Rejuvenation IR TR I
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Perfor mance I ndicator s of pump sets of Surya Nagar ZPS:
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Measured Estimated Estimated Estimated
. Total Pumping annual guantity Estimated Pump Pump set
. Pump Operating power . : annual power o -
Location head . guantity operating pumped . SEC efficiency  efficiency
Reference Pattern consumption 3 consumption
()] (m3/hour) hours per annum (KW/KL) (%) (%)
(kW) (kWh/annum)
(hour/annum) (KL)

Surya
Nagar Pump-1 12.42 14 111 392 43,336 5,565 0.128 29.27% 26.34%
ZPS
sSurya 1,3&4o0r
Nagar Pump-2 ' . 10.89 21 136 549 74,518 11,543 0.155 21.27% 19.14%
7PS 2,3&4in

parallel for
Surya direct
Nagar Pump-3 distributi 11.02 36 297 510 151,368 18,260 0.121 27.34% 24.88%
7PS istribution
Surya
Nagar Pump-4 21.48 121 1,132 930 1,053,372 112,565 0.107 58.87% 54.75%
ZPS

Total 192 1,675 2,381 1,322,594 147,933

Performance | ndicator s of pump sets of Mathura Road ZPS:

Measured Estimated Estimated Estimated

PUm Operatin ower Pumping annual gquantity annual power Estimated Pump Pump set

Location Referer?ce Satterng conFs)um tion guantity operating pumped consun? tion SEC efficiency | efficiency
(kW? (m3/hour) hours per annum (kWh/an?rum) (kWI/KL) (%) (%)
(hour/annum) (KL)

Mathura
Road Pump-2 16.34 41 408 1,076 439,148 44,532 0.101 48.21% 43.87%
ZPS .
Mathura araliel for
Road Pump-3 P direct 15.19 28 150 726 108,725 20,033 0.184 24.67% 22.45%
ZPS S
Mathura distribution.
Road Pump-4 14.6 34 336 1,076 361,850 36,425 0.101 43.41% 39.51%
ZPS

Total 103 894 2,878 909,723 100,990

@
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Perfor mance I ndicator s of pump sets of Trans Yamuna ZPS:

Estimated

Estimated
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Measured . . Estimated .
. Total Pumping annual guantity Estimated Pump Pump set
. Pump Operating power . . annual power o o
Location head . guantity operating pumped . SEC efficiency  efficiency
Reference Pattern consumption 3 consumption
(m) (m3/hour) hours per annum (KWIKL) (%) (%)
() (kwWh/annum)
(hour/annum) (KL)
Trans
Yamuna Pump-1 9.43 35 367 913 334,735 32,096 0.096 29.44% 26.79%
ZPS Only no. 1
Trans operates.
Yamuna Pump-2 5.37 14 179 - - - 0.081 20.11% 18.10%
ZPS
Total 50 546 913 334,735 32,096

Performance I ndicator s of pump sets of Lawyers Colony ZPS:

Measured . Estimated Estimgted Estimated .

. Pump Operating power Pumpling annugl guantity annual power Estimated Ffu.mp Pu.mlp set

Location . guantity operating pumped . SEC efficiency  efficiency
Reference Pattern consumption (m¥hour) hours per annum consumption (kWIkL) (%) (%)
(&) (hour/annum) (KL) (T,
Lawyer's Pump-1
Colony (Lawyer's 28.47 35 232 3,912 907,838 136,019 0.15 56.87% 51.75%
ZPS Colony) 2 in parallel
Lawyer's Pump-2 La fo;rs.
Colony (Lawyer's C(\)Allc})ln 28.01 35 119 3,914 464,766 137,864 0.297 28.26% 25.71%
ZPS Colony) pump 1):‘,0r
Lawyer's Pump-1 Dayal bagh
Colony (Dayal 23.31 20 165 596 98,552 12,051 0.122 57.04% 51.91%
ZPS Bagh ESR)
Total 90 516 8,422 1,471,156 285,934

@
IR AR Farer
AGRA NAGAR NIGAM

NG

Atal Mission for Rejuvenation
and Urban Transformation

Smart City



Page |xii

Perfor mance I ndicator s of pump sets of Nirbhay Nagar ZPS:

Measured Estimated Estimated Estimated
Pump Operati Total Pumping annual guantity Estimated Pump Pump set
. power : . annual power o o
Location Referen ng head . guantity operating pumped . SEC efficiency efficiency
consumption 3 consumption
ce Pattern (1)) (W) (m3/hour) hours per annum (kWh/annum) (kWI/KL) (%) (%)
(hour/annum) (KL)
Nirbhay =
ump-1 28.85 28 224 558 124,775 15,439 0.124 69.78% 63.50%
Nagar ZPS .
Both in
Nirbhay parallel 0 0
Nagar ZPS Pump-2 31.32 21 199 557 110,658 11,760 0.106 88.18% 80.25%
Total 49 422 1,115 235,433 27,199

Performance | ndicator s of pump sets of Lohamandi ZPS:

Operat Measured S S Estimated
Pum ?n ower Pumping annual guantity annual bower Estimated Pump Pump set
Location P 9 P . gquantity operating pumped pov SEC efficiency efficiency
Reference  Patter consumption 3h h consumption KW/KL o y
o (kW) (m3/hour) ours per annum (kWh/annum) ( ) (%) (%)
(hour/annum) (KL)
Lohaman | Fump-1 -
di ZPS (Direct 1,3in 15.2 53 580 616 357,692 32,591 0.091 49.66% 45.44%
distribution) | parallel
N - ESR
Lohaman | Pump-1 filling; o o
di ZPS (ESR filling) | 1,2.4n 16.95 52 507 365 185,006 19,012 0.103 49.08% 44.91%
llel
;?Q";‘I;‘a“ Pump-2 P | 2257 73 665 612 407,301 44,845 0.11 61.01% 55.82%
Lohaman direct o 0
di ZPS Pump-3 su;;]ply, 15.5 19 142 364 51,651 6,769 0.131 35.40% 32.21%
Lohaman S has
di ZPS Pump-4 separa | 17.23 72 945 919 868,293 66,033 0.076 67.45% 61.71%
te pipe
'ai";?,‘ga“ Pump-5 PPE N 071 69 654 929 607,544 63,799 0.105 58.70% 53.71%
Total 337 3,493 3,805 2,477,487 233,049
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Performance I ndicator s of pump sets of Keshavkunj ZPS:

Estimated

Estimated
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Operat Measured . . Estimated .
Pump ) Pumping annual quantity Estimated Pump Pump set
. ing power . . annual power o .
Location Referenc = . guantity operating pumped . SEC efficiency efficiency
atter consumption 3 consumption ; ;
e n (kW) (m3/hour) hours per annum (kWh/annum) (kWKL) (%) (%)
(hour/annum) (KL)
Keshavkunj
ZPS (Bodla | Pump-1 1,2,3,4 13 42 366 641 234,816 26,653 0.114 34.27% 31.19%
ZPS) in
Keshavkunj parallel
ZPS (Bodla | Pump-3 for 17.58 35 340 641 218,028 22,484 0.103 51.03% 46.43%
ZPS) direct
Keshavkunj distribu
ZPS (Bodla | Pump-4 tion 14.68 36 422 569 240,445 20,673 0.086 51.11% 46.51%
ZPS)
Total 230 2,195 2,492 1,375,908 144,930

Performance | ndicator s of pump sets of Shahganj Phase 1 ZPS:

Estimated

Estimated

= Measured : . Estimated .
ump Pumping annual quantity I Estimated Pump Pump set
Location Referenc power. quantity operating pumped annual power SEC efficiency efficiency
consumption 3 consumption ; ;
e (kW) (m3/hour) hours per annum (kWh/annum) (KW/KL) (%) (%)
(hour/annum) (KL)
Shahganj
Phase-1 Pump-1 11.79 65 352 807 283,989 52,489 0.185 18.99% 17.38%
ZPS 12,45
Shahganj for
Phase-1 Pump-2 direct 12.61 34 396 807 319,811 27,123 0.085 44.51% 40.50%
ZPS supply.
Shahganj One
Phase-1 Pump-4 workin 13 114 1,440 807 1,162,656 91,933 0.079 47.89% 44.77%
ZPS gin
Shahganj Subha
Phase-1 Pump-5 sh 14.2 63 559 807 451,444 50,506 0.112 36.97% 34.57%
ZPS Park
Shahganj Pump-2 section
Phase-1 (Subhash 5.88 11 265 2,091 553,733 23,640 0.043 41.65% 37.49%
ZPS Park)

NG
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Operat Measured SECEIEE SSITENE) Estimated
Pump P Total Pumping annual guantity Estimated Pump Pump set
. ing power : . annual power o .
Location Referenc head . guantity operating pumped . SEC efficiency efficiency
Patter consumption 3 consumption
e (m) (m3/hour) hours per annum (KW/KL) (%) (%)
n (kW) (kWh/annum)
(hour/annum) (KL)
Shahgan;j Pump-3
Phase-1 (Subhash 5.2 12 263 1,306 342,807 15,998 0.047 33.69% 30.33%
ZPS Park)
Total 299 3,274 6,625 3,114,440 261,689

Performance I ndicator s of pump sets of Shahganj Phase 2 ZPS:

Operat Measured EEEe ESITENEA Estimated
Pump ) Total Pumping annual quantity Estimated Pump Pump set
. ing power . . annual power " ool
Location Referenc Patter head consumption guantity operating pumped consumption SEC efficiency efficiency
e (m) (kwg) (m3hour) hours per annum (4> /anﬁum) (KWI/KL) (%) (%)
(hour/annum) (KL)
g{;ggg?z“l Pump-1 18.97 34 335 602 201,972 20,661 0.102 55.49% 50.49%
. 1,2,3,4
ﬁﬂgggf";’ Pump-2 in 10.13 38 393 602 236,381 22,855 0.097 31.36% 28.54%
- parallel
Shahgan;j
Pump-3 . 23.67 69 553 602 332,940 41,308 0.124 56.77% 51.95%
Phase-2 Separa
g{;ggg?z“l Pump-4 | teline | 21.33 68 729 602 438,855 41,199 0.094 67.63% 61.88%
- for 5.
ﬁﬂgggf";’ Pump-5 22.47 66 439 3,682 1,617,204 242,519 0.15 44.59% 40.80%
Total 275 2,449 6,090 2,827,352 368,542

Performance I ndicator s of pump sets of Kedar Nagar ZPS:

Location

Kedar Nagar

Pump

Operati  Total
Referenc ng head
e Pattern (m)

Pump-1 29.36

Measured
power
consumption

Estimated
annual
operating
hours
(hour/annum)

726

Pumping
guantity
(m2/hour)

204

Estimated
quantity
pumped per
annum (KL)

148,395

Estimated
annual power
consumption
(kWh/annum)

19,086

Estimate Pump
d SEC efficiency
(kW/kL) (%)

0.129 69.08%

Pump set
efficiency
(%)

62.17%
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Estimated . .

Pump Operati  Total Mezajer:ed Pumping annual Es&';:\?itted anisJ;Tag?/ser Estimate Pump Pump set

Location Referenc ng head congumption quantity operating puqmped E)/er consun?ption d SEC efficiency efficiency
e Pattern (m) (W) (m3/hour) hours annum (KL) (kWh/annum) (kWI/KL) (%) (%)
(hour/annum)
Only 1
Kedar Nagar | Pump-2 pump 28.84 26 190 1,312 248,861 34,635 0.139 62.70% 56.43%
operates
Total 53 394 2,038 397,256 53,721

Performance | ndicator s of pump sets of Rakabganj ZPS:

Location

Pump Operatin ~ Total
Referenc g head
e Pattern (m)

Measured
power

consumption

(kw)

Estimated
annual
operating
hours
(hour/annum)

Pumping
guantity
(m3/hour)

Estimated
quantity
pumped per
annum (KL)

Estimated
annual power
consumption
(kWh/annum)

Estimated

SEC
(KW/KL)

Pump
efficiency
(%)

Pump set
efficiency
(%)

?ggabgam Pump-2 an | 597 77 792 700 554,761 53,741 0.097 15.17% 14.26%
Rakabganj | p 1,4 | parallel. | 55 g 67 529 764 404,598 51,112 0.126 51.98% 47.56%
ZPS Separate
i line for 5.
;;‘;abgam pump-s | "efors- | g7 70 704 864 608,370 60,742 0.1 53.88% 49.30%
Total 250 2,323 2,483 1,613,872 171,159

I:Eial
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Performance | ndicator s of pump sets of Navlakha ZPS:

Location

Pump
Referenc
e

Operati

ng
Pattern

Measured
power

consumption
(kW)

Pumping
guantity
(m3/hour)

Estimated
annual
operating
hours
(hour/annum)

Estimated
guantity
pumped per
annum (KL)

Estimated
annual power
consumption
(kwWh/annum)

Estimate
d SEC
(KWIKL)

Pump
efficiency
(%)

Page |xvi

Pump set
efficiency
(%)

Navlakha 2&41in
eyl Pump2 | S0 | 3147 137 995 767 763,662 105,393 0.138 64.82% 62.10%
;‘g‘gakha Pump-3 oﬂek;itt'o 35.57 148 784 2,998 2,349,557 443,586 0.189 53.56% 51.31%
Navlakha have
eyl Pump-4 | separate | 35.57 63 460 327 150,557 20,748 0.138 73.38% 70.29%
pipe
Total 348 2,239 4,002 3,263,776 569,727

Perfor mance I ndicator s of pump sets of Chhipitola Booster:

Estimated

. Measured : Estimated Estimated .

Pump Operati  Total Pumping annual . I Estimated Pump Pump set

Location Referenc n head power uantit operatin quantity annual power SEC efficienc efficienc
g consumption d 3 Y P 9 pumped per  consumption y y

0, 0,

e Pattern (m) (kW) (m3/hour) (houhr(/);nrzum) annum (KL) (kWh/annum) (kWI/KL) (%) (%)

Chhipitola ) 0 )
Booster Pump-1 1 19.29 18 119 332 39,526 6,078 0.154 37.96% 34.16%
gggg:ﬁ"a pump-2 | WOKiNg | 15 99 11 90 1,623 146,220 17,830 0.122 45.39% 40.85%

Total 29 209 1,955 185,746 23,908
M}mm IR IR o
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Summary of Project Cost Benefit Analysis
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The energy saving has been calculated on the basis of energy audit activity conducted at the pumping stations. Consequently, feasibility of individual projects
has been discussed with ULB officials and different pump manufactures. The energy saving of this project has been calculated on the basis of the technical
information shared by the manufacturers (for the recommended equipment) and operating information shared by pumping station personnel. The estimated

energy saving is provided in the table below:

Summary of Energy efficiency measur esidentified during the audit

Energy Efficiency Measures (EEM)

Annual Energy

Investment Cost

Energy Cost

Saving per Payback Period

Savings (kWh/annum) (Rs. Lakh) annum (Months)
(Rs. Lakh)
Pumping System

1 Replacement c_)f Pump-5 at 8 VT Plant, Water Works, 645,356 19.92 5131 5
Jeoni Mandi with energy efficient pump set

> Replacement cf Pump-6 at 8 _VT Plant, Water Works, 193,443 19.92 15.38 16
Jeoni Mandi with energy efficient pump set

3 Replacement cf Pump-7 at 8 yT Plant, Water Works, 330,890 19.92 26.31 9
Jeoni Mandi with energy efficient pump set

4 Replacement cf l3ump-6 at Old Intake Well, Jeoni Mandi 541,292 28.62 43.03 8
with energy efficient pump set

5 Replacement cf l3ump-1 at New Intake Well, Jeoni Mandi 327.674 20.97 26.05 10
with energy efficient pump set

6 Replacement cf l3ump-2 at New Intake Well, Jeoni Mandi 115,611 35.90 9.19 47
with energy efficient pump set

7 Replacement cf Pump-2 at l\lew Jal Nigam Intake well, 175.275 20.97 13.93 18
Jeoni Mandi with energy efficient pump set

8 Replacement cf Pump-3 at l\lew Jal Nigam Intake well, 220,904 20.97 17.56 14
Jeoni Mandi with energy efficient pump set

: Atal Mission for Rejuvenation
Smart City
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Energy Efficiency Measures (EEM)

Annual Energy
Savings (kWh/annum)

Investment Cost
(Rs. Lakh)

Energy Cost
Saving per
annum
(Rs. Lakh)

Page |xviii

Payback Period
(Months)

Replacement of Pump-5 at Sanjay Place, Maithan Side.

° with energy efficient pump set 16,828 8.73 1.34 8

10 Rgplacgment of Pum'p'-l at Sanjay Place, Hariparvat 19,532 10.92 155 84
Side. with energy efficient pump set

11 Rgplacgment of Pum'p'-4 at Sanjay Place, Hariparvat 38,445 17.15 3.06 67
Side. with energy efficient pump set

12 Rgplacgment of Pum'p'-5(0) at Sanjay Place, Hariparvat 32,014 8.18 255 39
Side. with energy efficient pump set

13 Rep!acement of Pump-1 at Kotwali ZPS with energy 12,405 5.75 0.99 70
efficient pump set

14 Replacement of Pump-2 at Mathura Road ZPS with 19,447 10.86 155 84
energy efficient pump set

15 Replacemept of Pump-3 at Mathura Road ZPS with 13,637 6.39 108 71
energy efficient pump set

16 Replacem_ept of Pump-1 at Trans Yamuna ZPS with 16,341 8.80 1.30 81
energy efficient pump set

17 Replacement c_)f Pump-1( Lgvyyer's Colony) at Lawyer's 35946 8.73 286 37
Colony ZPS with energy efficient pump set

18 Replacement c_)f Pump-2( Lgvyyer's Colony) at Lawyer's 86,044 8.20 6.84 14
Colony ZPS with energy efficient pump set

19 Replacem_ept of Pump-1 at Shahganj Phase-1 ZPS with 37113 942 295 38
energy efficient pump set

20 Replacem_ept of Pump-5 at Shahganj Phase-2 with 109,617 12.11 8.71 17
energy efficient pump set
Replacement of Pump-2 at Rakabganj ZPS with energy

21 efficient pump set 31,695 14.52 2.52 69

NG
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Energy Efficiency Measures (EEM)

Annual Energy
Savings (kWh/annum)

Investment Cost
(Rs. Lakh)

Energy Cost
Saving per
annum
(Rs. Lakh)

Page |xix

Payback Period
(Months)

29 Sftag:zﬁ?r;uenr:;osfelzump-3 at Navlakha ZPS with energy 154,038 9.07 12.95 9
23 Enegrlgyaer#i?;r?tf&%npp;tat Chhipitola Booster with 7119 250 0.57 53
Subtotal 3,180,667 328.53 252.86 16
Auxiliary loads
24 Installation of APFC panel at Sanjay Place - 6.49 9.76 8
25 Installation of APFC panel at Kotwali ZPS - 1.73 2.07 10
26 Installation of APFC panel at Surya Nagar ZPS - 2.88 4.07 9
27 Installation of APFC panel at Mathura Road ZPS - 1.73 3.48 6
28 Installation of APFC panel at Trans Yamuna ZPS - 1.01 0.19 63
29 Installation of APFC panel at Lawyer's Colony ZPS - 1.95 3.42 7
30 Installation of APFC panel at Nirbhay Nagar ZPS - 1.01 0.15 82
31 Installation of APFC panel at Lohamandi ZPS - 3.61 6.14 7
32 Installation of APFC panel at Keshavkunj (Bodla) ZPS - 5.19 1.39 45
33 Installation of APFC panel at Shahganj Phase-1 ZPS - 5.77 16.44 4
34 Installation of APFC panel at Shahganj Phase-2 - 4.33 5.53 9
35 Installation of APFC panel at Kedar Nagar - 1.01 1.19 10
36 Installation of APFC panel at Tajganj ZPS - 6.13 3.08 24
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Energy Efficiency Measures (EEM)

Annual Energy
Savings (kWh/annum)

Investment Cost
(Rs. Lakh)

Energy Cost
Saving per
annum
(Rs. Lakh)

Page |xx

Payback Period
(Months)

37 Installation of APFC panel at Rakabganj ZPS - 3.61 5.14 8

38 Installation of APFC panel at Navlakha ZPS - 3.24 6.75 6

39 Installation of capacitor at Chhipitola Booster - 0.18 0.25 9

40 Installation of capacitor at Red Fort Booster - 0.05 0.04 17

Subtotal - 49.91 69.09 9

Replacement of existing lighting equipment at Old Intake

41 well with LED lamps 525.6 0.03 0.04 10
Replacement of existing lighting equipment at New Intake

42 Well with LED lamps 411.72 0.02 0.03 6
Replacement of existing lighting equipment at New Jal

43 Nigam Intake Well with LED lamps 2312.64 0.10 0.18 !
Replacement of existing lighting equipment at

a4 Synchronous with LED lamps 192.72 0.01 0.02 !

45 Replace'ment of existing lighting equipment at Flowmore 1,020.54 0.03 0.08 5
Plant with LED lamps

46 Replacement of existing lighting equipment at 8 VT Plant 61758 0.03 0.05 6
with LED lamps

a7 Replacement of existing lighting equipment at Sanjay 1,787.04 032 014 27
Place with LED lamps
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Energy Cost
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crey Effieny Messures GEV) o, MO GRS Sumaper Feypan e
(Rs. Lakh)
48 Eggla\j:vtiat?ﬁg;];;mxisgng lighting equipment at Kotwali 1.300.86 0.18 0.10 o1
49 E:g:cglr:nsen\tvﬁ;eglizsgrllgrgggting equipment at Surya 4.673.46 071 0.37 03
50 Egglc?;irgerxig Eéigtilr;gr;nlgihting equipment at Mathura 44.67.6 0.89 0.36 20
il e ”
52| Cotony ZPS with LED tamps. o e 502.24 0.10 0.04 29
53 E:g:cglr:nsen\tvﬁ;eglizsgrllgnliggting equipment at Nirbhay 1.419.12 0.29 011 a1
54 ?Sglavcvﬁr;\ﬁrétgli;mxisgng lighting equipment at Lohamandi 487 64 0.03 0.04 g
55| Ry 3o e .
56 iiépggc%vr?tﬁnié)éelgﬁtg;g lighting equipment at Shahganj- 1949 1 0.30 015 03
T R T ) WP ASA | aans o
58 Ezgﬁcsvr’{zﬁnté)é?;ﬁtg;g lighting equipment at Kedar 889 14 0.08 0.07 13
59 ;ngla\/cvir;\ﬁrggli;mxis;ing lighting equipment at Tajganj 779 64 011 0.06 20
60 Eggla\j:vtiat?ﬁg;];;mxisgng lighting equipment at Navlakha 2409 0.54 0.19 24
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Energy Cost
Energy Efficiency Measures (EEM) Annual Energy Investment Cost Saving per Payback Period

Savings (kWh/annum) (Rs. Lakh) annum (Months)
(Rs. Lakh)

Replacement of existing lighting equipment at Chhipi Tola
61 ZPS with LED lamps 551.88 0.02 0.04 5

62 Replacement of existing lighting equipment at Red Fort

Booster with LED lamps 718.32 0.01 0.06 2
Subtotal 28,102 3.85 2.23 21
TOTAL 3,208,769 332.39 255.10 16

Under maintenance pump sets, which were not repaired during energy audit period, were not taken up for measurement, analysis and subsequent i mplementation
in this report.

Implementation of the energy efficiency measures on pumping system may result in annual energy savings of 3,180,667 kWh per year which is 44.27% of the
exigting electricity consumption. This energy saving is equivalent to 273.5 toe and results in reduction 2608.07 tCO , per year.

Apart from pumping system, opportunities for electricity and cost savings were identified in auxiliary systems such as lighting and reactive power compensation
system. ULB may implement recommendation identified for auxiliary systems which may result in annual energy savings of 28,102 kWh per year.
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Project Financials and proposed Business Model

Total Project cost (CAPEX)

The following are the key components considered while arriving at the total project cost:

iv.

V.

Vi.

transparent bidding process,
atransparent bidding process;

installation;

All applicable goods and services tax as on actual basis; and
Capitalized interest during the Project Implementation Period.

Details of project capital cost is provided in the table bel ow:

Project Capital Cost

Cost of pump, motor and other accessories (like NRV and gate valve), discovered through a
Cost of dismantling, installation and commissioning including testing charges, discovered through
Project Establishment and Supervision charges of EESL at 5% of total cost of equipment including

Cost of preparation of IGEA, as per actual tendered cost, plus EESL’ s service charge at 15%;

Capital Cost Related assumption ' Unit ~ Value |
Number of Pumps No. 23
Total Cost of Equipment including installation, commissioning and testing INR lakhs | 328.53

Cost of pump including motor INR lakhs | 260.92
Cost of NRV INR lakhs | 20.57
Cost of Gate valve INR lakhs | 23.29
Cost of Web based dashboard INR lakhs 1.77
Installation and Commissioning Cost including testing charges INR lakhs | 21.99
EESL's administrative and establishment charge % 5.0%
Cost of preparation of IGEA report including EESL service charges and | INR lakhs
. 22.04
applicable GST
Total Project Cost w/o Capitalized interest INR lakhs | 367.00

Commissioning Details
Total Months for Commissioning Months 9
Capitalized interest INR lakhs | 20.57
Total Project Cost INR lakhs | 387.58

Op

erating Costs (OPEX)

The following are the key components considered while arriving at the operating cost for the project

Smart C ity Atal Mission for Rejuvenation
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i.  Project Establishment and Supervision charges of EESL at 4% of total project cost, with annual

escalation of 5%; and

ii. Actua incurred Repair & Maintenance charges, discovered through a transparent bidding

process.

Details about project operating cost is provided in the table below.

Project Operating Cost

Operational Details Unit Value
EESL's administrative and establishment charges 4%

Financing Terms and other tax related assumptions

The following are the key financial assumptions used in developing the model. Financing terms and tax
related assumptions are provided in the table below:

Parameters Unit ~ Value |
Term of the project years 7
Financing Details
Debt Percentage % 70%
Cost of Debt % 11%
Equity Percentage % 30%
Cost of Equity (post- tax) % 16%
Tax Details
Corporate Tax % 34.61%
Goods and Services Tax % 18%

Output - Annuity Payment to EESL

Based on the cost parameters and assumptions mentioned above, the annuity payment to EESL was
computed. Details of annuity payment to EESL are provided in the table below.

Annuity payment to EESL

Calculations of annuity payment
Total Debt to be repaid INR lakh | 67.00 62.74 58.48 54.21 49.95 45.69 41.42 379.48
Principal Repayment INRlakh | 38.76 | 38.76 | 38.76 | 38.76 | 38.76 | 38.76 38.76 | 271.30
Interest INR lakh | 28.24 | 23.98 19.72 15.45 11.19 6.93 2.66 108.18
Total Equity Repayments INR lakh | 43.54 39.47 3541 31.34 27.28 23.21 19.15 219.40
Recovery of equity investment INR lakh | 16.61 16.61 16.61 16.61 16.61 16.61 16.61 116.27
Return on equity INR lakh | 26.93 | 22.86 18.80 14.73 10.67 6.60 2.54 103.13
R&M Charges INR lakh 0.00 6.57 8.21 9.86 11.50 13.14 13.14 62.42
EESL's administrative and establishment charge INR lakh | 15.50 16.28 17.09 17.95 18.84 19.79 20.78 126.23
Annuity Payment to EESL INR lakh | 126.04 | 125.06 | 119.19 | 113.36 | 107.57 | 101.83 | 94.49 | 787.53
Goods and Services Tax on annuity payment INR lakh | 22.69 2251 21.45 20.40 19.36 18.33 17.01 141.76
Annuity Payment to EESL incl. all applicable taxes | INR lakh | 148.73 | 147.57 | 140.64 | 133.76 | 126.93 | 120.16 | 111.50 | 929.29
ULB Savings
Total Savings INR lakh | 252.86 | 260.42 | 268.01 | 275.63 | 283.25 | 290.84 | 298.37 | 1929.38
Profit to ULB INR lakh | 104.13 | 112.85 | 127.37 | 141.87 | 156.31 | 170.68 | 186.88 | 1000.09
% of savings with ULBs % 51.83%
=, ok
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Sensitivity analysis

The sensitivity analysis has been conducted to determine the impact of change in capital cost and change
in savings on the percentage of monetary share of accrued savings retained by the ULB. Project sensitivity
analysisis provided in the table below.

Project sensitivity analysis

Change in Capital Cost % savings retained by the utility
-10% 56.27%
-5% 54.05%
0% 51.83%
5% 49.62%
10% 47.40%
Change in Interest(ROE, Interest, D/E ratio) % savings retained by the utility
-10% 46.48%
-5% 49.30%
0% 51.83%
5% 54.13%
10% 56.21%
Key facts of IGEA
Particular Unit Value
Total number of pump sets as per LOA Nos. 103
Total number of pump sets under maintenance Nos. 21
Total number of pump sets where measurement was not possible Nos. 17
Total number of pump sets audited Nos. 65
Total numbers of pumps sets considered for replacement Nos. 23
Estimated present annual energy consumption (for 23 pump sets) kWh 7,184,344
Estimated annual energy consumption with proposed EEPS
(for 23 pump sets) gy P i kwh 4,003,677
Percentage energy saving potential % 44.27%
Total project cost (including IGEA cost and capitalized interest) Rs. Lakhs 387.58

Pre — implementation annual energy consumption (baseline) and post implementation annual energy
consumption will be estimated based proposed Measurement and Verification (M & V methodology).

Pumps not considered for replacement:

Of the 65 pump sets audited, 42 are not being considered for replacement. Of the 42, 8 nos. were observed
to be operating at efficiencies above 60% as given in table below. These pumps have limited scope for
savings and long payback periods.

Annual
. Pump set .
Location o operating
efficiency h
ours
1 | Flowmore plant Pump 3 - 200 kW 83.09% 1,122
Atal Mission for Rejuvenation IR SR AT
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Location

Pump no.

Annual
operating
hours

Pump set

efficiency

2 Nirbhay Nagar Pump 1 63.50% 558
3 | Nirbhay Nagar Pump 2 80.25% 557
4 | Lohamandi Pump 4 61.71% 919
5 | Shahganj Phase-2 Pump 4 61.88% 602
6 Kedar Nagar Pump 1 62.17% 726
7 | Navlakha Pump 2 62.10% 767
8 Navlakha Pump 4 70.29% 327

Page | xxvi

In case of the remaining 34 pumps, their operating hours were found to be relatively less. Mgjority of the
pumps in the Zonal Pumping Stations operate for less than 4 hours a day. As aresult of limited operating

hours, their payback period was found to be high.

Rated and operating parameters of pump setsto beinstalled under this project along with other accessories

are provided in the table below:
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Pump ldentification Rated parameters Operating parameters (individual operation) Accessaories to be installed
NRV to Gate Apparatus
. Total Actual power Pump set valve to for Web
Pump Pump Fluid Flow Head Motor Flow . . o]
Pump house . head consumption efficiency . o]] based
Reference  type handled (m3/hour) (m) rating (m3/hour) KW o installed . lled dashboard
(kW) (m) (kw) (%) (Yes/No) installe ashboar
(Yes/No) (Yes/No)
8 VT Plant
8 VT Plant, Vertical
Water Works, Pump-5 . Water 1226 53 260 1255 22 200 37.18% Yes Yes Yes
. X turbine
Jeoni Mandi
8 VT Plant, Vertical
Water Works, Pump-6 . Water 1212 47 220 1281 18 173 36.91% Yes Yes Yes
. X turbine
Jeoni Mandi
8 VT Plant, Vertical
Water Works, Pump-7 . Water 1212 47 220 1287 20 217 32.13% Yes Yes Yes
: i turbine
Jeoni Mandi
Old Intake Well
Old Intake Vertical
Well, Jeoni Pump-6 . Water 3180 15 185 2249 13 230 35.12% No No Yes
: turbine
Mandi
New intake Well
New Intake Vertical
Well, Jeoni Pump-1 . Water 2460 16 150 1015 11 105 29.14% Yes Yes Yes
: turbine
Mandi
New Intake Vertical
Well, Jeoni Pump-2 . Water 3180 16 180 2079 12 134 51.07% Yes Yes Yes
: turbine
Mandi
New Jal Nigam intake Well
New Jal Nigam Vertical
Intake well, Pump-2 . Water 1950 16 132 1113 12 96 38.17% Yes Yes Yes
) . turbine
Jeoni Mandi
New Jal Nigam Vertical
Intake well, Pump-3 . Water 1950 16 132 1080 12 115 30.83% Yes Yes Yes
) . turbine
Jeoni Mandi

= kK
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Pump Identification Rated parameters Operating parameters (individual operation) Accessaories to be installed
NRV to Gate Apparatus
. Total Actual power Pump set valve to for Web
Pump Pump Fluid Flow Head Motor Flow . o be
Pump house . head consumption efficiency . be based
Reference  type handled (m3/hour) (m) rating (m3/hour) installed .
(kW) (m) (kw) (%) (Yes/No) installed dashboard
(Yes/No)  (Yes/No)
Sanjay Place
Sanjay Place, | 5 | Vertical |y 324 30 | 37 292 21 38 4329% | Yes Yes Yes
Maithan Side. turbine
Sanjay Place, Vertical
Hariparvat Pump-1 turbine Water 300 35 37 359 10 34 28.72% Yes Yes Yes
Side.
Sanjay Place, Vertical
Hariparvat Pump-4 turbine Water 648 30 75 574 13 61 34.14% Yes Yes Yes
Side.
Sanjay Place, Vertical
Hariparvat Pump-5(0) turbine Water NA NA 67 99 52 44 32.16% Yes Yes Yes
Side.
Kotwali
. Vertical
Kotwali ZPS Pump-1 turbine Water 324 30 37 232 6 28 13.14% Yes Yes Yes
Mathura Road
Math;g‘SRoad PUMp-2 \t’uerg:ﬁz' Water 300 3 | 37 408 16 41 4387% | Yes Yes Yes
Math;g‘SRoad Pump-3 \t’u‘ig:ﬁz' Water 300 3B | 37 150 15 28 22.45% | Yes Yes Yes
Trans Yamuna
Trans Yamuna | o 04 | Vertical |y 300 32 | 37 367 9 35 26.79% No No Yes
ZPS turbine
Lawyers’ Colony
Lawyer's PUMp-1 1 /e tical
Y (Lawyer's . Water 270 34 37 232 28 35 51.75% Yes Yes Yes
Colony ZPS Colony) turbine

A= 7
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Pump Identification

Rated parameters

Operating parameters (individual operation)
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Accessories to be installed

Gate Apparatus
PUmp Pump Fluid Flow Head Motor Flow Total Actual power Pu_m_p set valve to for Web
Pump house : head consumption efficiency . be based
Reference  type handled (m3/hour) (m) rating (m3/hour) installed .
(kW) (m) (kw) (%) (Yes/No) installed dashboard
(Yes/No)  (Yes/No)
Lawyer's PUMP-2 1 \/e ical
Y (Lawyer's . Water 270 34 37 119 28 35 25.71% Yes Yes Yes
Colony ZPS turbine
Colony)
Shahganj Phase-1
Shahgan; pump-1 | Vertcal | \yater 600 32 | 75 352 12 65 17.38% Yes Yes Yes
Phase-1 ZPS P turbine 2e70
Shahganj Phase-2
Shahganj Vertical
Phase-2 Pump-5 turbine Water 600 31 75 439 22 66 40.80% Yes Yes Yes
Rakabganj
. Vertical
Rakabganj ZPS Pump-2 turbine Water 648 30 75 792 5 77 14.26% Yes Yes Yes
Navlakha
NaviakhazPS | Pump-3 | HSC | Water | 1200 3 | 160 | 784 | 36 148 51.31% | Yes Yes Yes
Chhipitola Booster
Cé‘(')‘(')‘gtt‘e’:a Pump-2 | HSC | Water 140 30 20 90 18 11 40.85% Yes Yes Yes

Smart City

M\@
Atal Mission for Rejuvenation
and Urban Transformation

AGRA NAGAR NIGAM




Table of Contents

EXECULIVE SUIMIMAIY .....viviciieie ettt sttt sae et et e s ae et esteeaa e besbeesa e besaeessessesasesesteensessesreennenseas iii
Background Of tNE PIOJECT ..ot i
(DTSl ] oL Lo a o)l o= ot | L =S S iii
Summary of Performance Evaluation of PUMPSELS ...........ccoiiiiiieiineseeeeee e %
PErformanCe INAICELOIS..........ccuiiiiiiri et b e Vi
Summary of Project Cost BENEfit ANBIYSIS .......cocuoiiiiirieieiceeese e Xvii
Project Financials and proposed BUSINESS MOTE ..........ccvciiiiiieie et XXiii
(00155 = L b o Vel 0 R o () 53 5. ISP xXiii
Financing Terms and other tax related assSUMPLIONS..........ccceeiiiiiiiiiiii i XXIV
Output - Annuity Payment t0 EESL ......c.cooiiiiiiii et XXiV
SENSTHIVILY ANAYSIS ..eeiteiiiiitie ettt b e e b b ae e neenaeas XXV
KEY faCtS Of IGEA.... .ttt b ettt e e be e s be e sae e saeesaneeateenreenbeanneans XXV

1 LT OOUCTION ...t e s e et s e bt b n e e s e e e e eneenenre s 1
1.1 Background Of thE PrOJECL.........cccoiiiiceece et st s re e nas 1
1.2 Stakeholders INVOIVED ...ttt nne s 2
R T @ o 1= o (A= X o) I 1 L= [ 3
1.4  Methodology adopted for ENergy AUt ..........coiiiiirieiieienese e 5

2 Interaction with Facilities Key PErsonne ............ccooveeviiiciiii e 7
2.1  Interaction with PUMP ManUFaCIUIENS..........ccocviiiirireeeeee e 7

3 Project area and Facility deSCription ........ccceiieeeie it 8
3.1  Genera information about the CItY .........cccvieeiiiiiiee e e e 8
3.2  Accessibility to city from Metro cities & State capital ........ccccceeviieveeninniinr e 8
3.3  PumpingStations in the AGra City ........cceiiiiiiiii e 9
3.4  Historical Energy ConsuMpPLion Dal@.........cccccviveeieerieiieeieieceesie st esee st s sie et se e e 11
3.5 PoWer Failure Data.......ccociiiiiii et e e 11
3.6 Rainfall and ClmMate data .........ceoieeiiiiiiii ettt 12
3.7 GroundWater Profil€.........cooiiiiiiiieceeen e 12
3.8  Reservoir Levels at Different SEasons .........ccooee it 13
3.9  Water CoSt ESHMAtiON ...ccovuiiuiiiiieiieie et 13

4 Pumping Stations Performance EValUaLioN.............coeiriiineneneeeesese e 14
4.1  Connected [0ad at PUMPING SEBLIONS .......cveveeeieriisie et nre s 14
4.2  Old Intake WEell, Jeoni Mandi..........cccoeiiriiiiiiiiieisieesree ettt 15

421 OVErVIiew Of EXISING SYSEEIMS ......ccvieerreeiiriese e nne s 15
- Sl A, Sy
LA\ € ‘EESL

= HTIRT IR IGEIE:
AGRA NAGAR NIGAM

Atal Mission for Rejuvenation

S mart C Ety and Urban Transformation




4.2.2 L= oo YRS W o] o] O 15
4.2.3 TaTE SEIUCKUIE. ... 16
4.2.4 EleCtriCity Bill ANBIYSIS....c.oiieieciiieiese sttt sttt st et sne e 17
4.2.5 Energy Consumption Pattern at PUMpINg Station...........ccccoveveieieese s 17
4.2.6 Pumping Station SyStem MapPiNg.........cceeererrerreieeesesese e 20
4.2.7 Pumps Performance EValULION.............ccceeiiiieecse e s 20
4.2.8 Auxiliaries In PUMPING SEALIONS .........coveeeiriiniiee e 22
4.2.9 Tota Energy Consumption Estimation For Pump sets& Pumping Stations...................... 23
4.3 New Intake WEL, JEONI Mandi ........oooieeeiiiieii it re s s e s s s s 23
4.3.1 Overview Of EXIStING SYSLEIMS ......ccuiiicee e rs 23
4.3.2 EIECHICITY SUDPPIY ...t 24
433 TATT SITUCIUNE. ...t 25
4.34 EleCtriCity Bill ANBIYSIS....c.oiieiecieiieie ettt sttt s 25
4.3.5 Energy Consumption Pattern at PUMPING SEatioN...........cooviererieieeineneseses e 25
4.3.6 Pumping Station System Mapping.........cceeecieieeeereseeieese s esee e see e sre e e sre e 28
4.3.7 Pumps Performance EValUBLION ...........ccoviiierieeeceeeee e 28
4.3.8 Auxiliaries IN PUMPING SEALIONS .......ccociiiee e 30
4.3.9 Total Energy Consumption Estimation For Pump sets & Pumping Stations..................... 31
4.4  New Jal Nigam Intake Well, Jeoni Mandi ..........c.cccvvveiiiiiieie e 32
4.4.1 OVErVIiew Of EXISING SYSEEIMS ......covieeeeeeieriese et nne s 32
4.4.2 L= ool YRS W o] o] S 32
443 TaTT SITUCIUNE. ...ttt 33
444 EleCtriCity Bill ANAYSIS. ..o 33
445 Energy Consumption Pattern at PUMpPING Station..........ccccoeveveveieese s 34
4.4.6 Pumping Station SyStemM MapPiNg.........cceaererereeieeeeesese s 37
4.4.7 Pumps Performance EValUGLION.............cccveieiececse e s 37
4.4.8 Auxiliaries In PUMPING SELIONS .........coveeeeririne e 39
4.4.9 Tota Energy Consumption Estimation For Pump sets& Pumping Stations...................... 40
45  HT Plant (Golkamra PUmMPING StAEION).........cceiririiinreeeeeesiesse e nnens 41
45.1 Overview Of EXIStING SYSLEIMS ......cciiieee e ens 41
45.2 L= oo YRS W o] o] S 41
453 TaATT SEIUCKUIE. ... e 42
454 EIECtriCity Bill ANBIYSIS.....oieeiecieceeee sttt sttt sne e 42
4.5.5 Energy Consumption Pattern at PUMPING SEatioN...........ccovveriereieeenine e 42
4.5.6 Pumping Station System Mapping.........cceeeceieeeesieieereese s ese e sae e sre e e s e eee s 43

Smart City

NNG

Aia[ Mission for Re}uwnanml
Urban Transformation

AGRA NAGAR NIGAM



45.7 Pumps Performance EValUGLION.............ccceeiiieeecse et 43
4.5.8 Auxiliaries In PUMPING SEALIONS ........coveeeiiirisesieseee e 44
4.5.9 Tota Energy Consumption Estimation For Pump sets& Pumping Stations...................... 44
4.6  Synchronous Pumping Station —Jeoni Mandi...........cccccevviieiniisiese e 45
4.6.1 OVErVIew Of EXISING SYSEEIMS ......ocveeereieeiiriesre et nneas 45
4.6.2 L= oo YRS W o] o] SR 45
4.6.3 TaTT SEIUCKUIE. ... e 45
4.6.4 EleCtriCity Bill ANBIYSIS......oiieiecieieee ettt sttt st et sre e 45
4.6.5 Energy Consumption Pattern at PUMPING SEatioN............coovrereieieeiniseseseseseeeeeeesee 45
4.6.6 Pumping Station System Mapping.........cceceeceieeeesieseeeese s ese e se e sre e e e e e 48
4.6.7 Pumps Performance EValUBLION ............ccoviiierieeeeeeeseseesee e 48
4.6.8 Auxiliaries IN PUMPING SEALIONS ........ccoviieie e 49
4.6.9 Tota Energy Consumption Estimation For Pump sets& Pumping Stations...................... 49
4.7 8 VT Plant, Jeoni Mandi Water WOTKS........cooiceiiiiiieiee it sstee e vee s s svte s s s sbse e s s savaeessenes 50
4.7.1 Overview Of EXIStING SYSLEIMS ......cciiicee e re e es 50
4.7.2 EIECHICITY SUDPPIY ..t 50
473 TaTT SITUCIUNE. ...ttt 51
474 EleCtriCity Bill ANBIYSIS. . ..ot nee e 51
4.7.5 Energy Consumption Pattern at PUMpPING Station...........cccocveveveieese st 51
4.7.6 Pumping Station SyStem MapPiNg.........cceaererreireieeeeesesesre s 56
4.7.7 Pumps Performance EValUGLION.............ccceeiiiicecse et 56
4.7.8 Auxiliaries IN PUMPING SEALIONS ........ccoviieieceeeese e s 59
4.7.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations...................... 60
4.8 FIOWMOIE PlaNL........cuiiiiiiciiecie ettt 60
4.8.1 OVErVIew Of EXISING SYSEEIMS ......oveeereeeiiri et nne s 60
4.8.2 L= oo YRS W o] o] O 61
4.8.3 TaTE SEIUCKUIE. ... e 61
4.84 EleCtriCity Bill ANBIYSIS.....oci ettt sttt st be e 61
4.8.5 Energy Consumption Pattern at PUMPING SEatioN............ccovverieieieeinineseseseseeeeeeeee 61
4.8.6 Pumping Station System Mapping.........ccecveceieeeesieie e seese e sae e sae e e sre e 67
4.8.7 Pumps Performance EValUGLION.............cccveii e 67
4.8.8 Auxiliaries In PUMPING SEALIONS .........coveeeiriinisesiesee e 69
4.8.9 Tota Energy Consumption Estimation For Pump sets& Pumping Stations...................... 70
R S T A = - o =0 == N 71
4.9.1 Overview Of EXIStING SYSLEIMS ......cciiicee e eas 71

Smart City

NNG

Aia[ Mission for Re}uwnanml
Urban Transformation

Y R
" *
— g )
AGRA NAGAR NIGAM



4.9.2 L= oo YRS W o] o] O 71
4.9.3 TaTE SEIUCKUIE. ... 72
4.9.4 EleCtriCity Bill ANBIYSIS....c.oiieieciiieiese sttt sttt st et sne e 72
4.9.5 Energy Consumption Pattern at PUMpINg Station...........ccccoveveieieese s 74
4.9.6 Pumping Station SyStem MapPiNg.........cceeererrerreieeesesese e 79
4.9.7 Pumps Performance EValULION.............ccceeiiiieecse e s 80
4.9.8 Auxiliaries In PUMPING SEALIONS .........coveeeiriiniiee e 83
4.9.9 Tota Energy Consumption Estimation For Pump sets& Pumping Stations...................... 84
(O o) 111V I e T 85
4101  Overview Of eXiStiNg SYSIEMS .......cciiieieii ettt st sre e 85
4.10.2  EIECHICIEY SUPPIY . .eiteieieeeeieieiete sttt 85
4.10.3  Taff SHUCTUME......oviiiici bbbt 86
4.10.4  ElectriCity Bill ANBIYSIS......ccoiiieiece ettt sttt nne s 86
4.10.5 Energy Consumption Pattern at PUMPING SEAION. ........ccoovririirineieeeeeseseseeeseeeeeeenes 87
4106  Pumping Station System Mapping.......ccccceeeereirieiieseseesesreseesre e esee e sreessesresseessesseensenns 91
4.10.7  Pumps Performance EValUBLION. ..o 91
4108 Auxiliaries In PUMPING SLALIONS ........cccuiiiiierieiieee ettt s re e s enne s 9
4.10.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations...................... 94
g S U V7= = o = RPN 95
4111 Overview Of eXiStNG SYSIEIMS .......cciiiierrieirese e 95
4.11.2  EIECHICITY SUPPIY e ieeeeiiiiieee ettt ettt s e e b e et e s tesre et e sreeneennesreennens 95
4113 Taff SHUCTUME......oiiiiiicc e 96
4114  ElectriCity Bill ANBIYSIS... ..ottt nee e 96
4115 Energy Consumption Pattern at PUMPIiNg Station...........cccevveeeieieeceese e 97
411.6 Pumping Station SyStem MapPiNg.........cceererinerrenreeeesesesre e sseseeeesessens 103
4117  Pumps Performance EVAIUGLION...........cccooieceie e 103
4.11.8 Auxiliaries In PUMPING SEALIONS ........c.covereirieriesereesiee st nnen 106
4119 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 106
412 MahUraROA ZPS........ .ottt ettt te e besee et e s aesneeneesseenseseesneennens 107
4121  Overview Of eXiStiNg SYSIEMS ....c.oii ettt st re e nes 107
A 1w oL YRS U o o] Y 108
4.12.3  TafF SITUCKUIE.......oiieieeeee e r e nnea 108
4124 ElIeCtriCity Bill ANBIYSIS......ccv ettt sttt ne e ns 109
4125 Energy Consumption Pattern at PUMPINg SEaioN.........cccoovvirerenieieeneseseseeeeeeeenins 109
4126 Pumping Station System Mapping........cccceeeeeieeeeseseeeese s eseeseeseesre e eeesreseesse e esesees 112

Smart City

NNG

Aia[ Mission for Re}uwnanml
Urban Transformation

AGRA NAGAR NIGAM



4127  Pumps Performance EVAIUGLION...........cccooieceiiiiece ettt 112
4.12.8 Auxiliaries In PUMPING SELIONS .........ccveieirieriisiesiesiee s nnen 115
4129 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 116
413 TranSYamUNAZPS ..o e 116
4131  Overview Of eXiStNG SYSIEIMS .......cciiieieireres et nnen 116
N 1= o oL YRS U o o] Y S 117
4.13.3  TafT SITUCKUIE.......oiieieceee e nnea 118
4134  ElIeCtriCity Bill ANBIYSIS......covieeiiii ettt ettt ns 118
4135 Energy Consumption Pattern at PUMPING SEaiON. ........ccooviiierieneicneseseseeeeeeeeniens 119
4136 Pumping Station System Mapping.......ccccceeeeierieresieeeese s esee e see e e eaesreseessessesnesees 121
4.13.7  Pumps Performance EValUBLION..........c..ccveiiiiiriieceeesese s 121
4138 Auxiliaries In PUMPING SLALIONS ........cccoiiieieie ettt 123
4139 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 123
414  LaWYErSCOIONY ZPS..... .ottt s e r s e na e n e r s e e e ene e 124
4141  Overview Of eXiStiNg SYSIEMS ....c.oiiiieiiiee ettt ae e 124
4.14.2  EIECHICIEY SUPPIY . ..eiieititeeeieeee st nnen 124
4143 Tarff SHUCTUIE. ..ot 125
4144 ElectriCity Bill ANBIYSIS......coo oottt 125
4145 Energy Consumption Pattern at PUMpIiNg Station...........cccccevevevieneeseseceese e, 126
4.14.6  Pumping Station SyStem MapPiNg.........cceoererirerenreieeesesesresresseseeese e sre e sseseeessessens 129
4147  Pumps Performance EVAIUGLION...........cccoiieceie e 129
4.14.8  Auxiliaries In PUMPING SLALONS ........ccciiiieieieciere sttt 132
4.14.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations.................... 133
415  NIrbhay NAQar ZPS.........coooi ittt sttt s et ae st e sreetestesraestesreensesresrnentens 133
4151  Overview Of eXiStNG SYSIEIMS .......cciiiieeeereres e 133
4152  EIECIICITY SUPPIY ..iiueeieitiiie ettt sttt st ettt e s reenaesbesreenesneenneneas 134
4.15.3  Talff SITUCKUIE.......oeieeeeee e 134
4154  EleCtriCity Bill ANBIYSIS......coiiieeieiiceese ettt sttt ns 134
4155 Energy Consumption Pattern at PUMPING SEaiON.........ccoovvirerenieieeeeeseseseeeeeeeenins 135
4156 Pumping Station System Mapping.......ccccceeeeiereeseseeeese s eseesre e sresreeaesreseese e esesees 138
4157  Pumps Performance EVAIUGLION...........cccocieceieiiece ettt 138
4.15.8 Auxiliaries In PUMPING SEALIONS .........ccvereirieriisierieseee st nnen 140
4159 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 141
416 LOhamandi ZPS ...........oo oottt sttt e et re e e teeneeneereeneetens 142
416.1  Overview Of eXiStiNg SYSIEMS ....c.cii ettt s re e eae e 142

Smart City

NNG

Aia[ Mission for Re}uwnanml
Urban Transformation

Y R
" *
— g )
AGRA NAGAR NIGAM



4.16.2  EIECIICITY SUPPIY ..oiueeieitiiie ettt ettt st e s teenaesbesreensesneennennas 142
4.16.3  Talff SITUCLUIE.......ooiieieeeee e 142
4.16.4  ElIeCtriCity Bill ANBIYSIS......ccivieeiiii ettt sttt ae e nas 143
4.16.5 Energy Consumption Pattern at PUMpiNg Station..........ccccocvvevevieneeseseeceese e, 143
4.16.6 Pumping Station SyStem MapPiNg.........cceoerererererrereesesesre e seeeesessens 149
4.16.7  Pumps Performance EVAIUGLION...........cccocieceie et 149
4.16.8 Auxiliaries In PUMPING SEALIONS.........cvereiririisesiesee s nnens 152
4169 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 153
417  Keshavkun] (BodIA) ZPS ..........oooiiiiiieceeeses e 154
4171  Overview Of eXiStiNg SYSIEMS ....c.oii ettt re et b e 154
4.17.2  EIECHICIEY SUPPIY . ..eitereieeeeieeee st n e nnen 154
4.17.3  Taff SHUCTUE. ..ot 155
4.17.4  ElIeCtriCity Bill ANBIYSIS......coii ittt sttt ne e ns 156
4175 Energy Consumption Pattern at PUMPING SEaioN.........ccoovviierenieiecneseseseeeeeeeeniens 156
4176  Pumping Station System Mapping........cccceeceiereeseseeeese s eseestesee e sreeaesreseesse e ssesees 160
4.17.7  Pumps Performance EValUBLION. ..o 160
4178  Auxiliaries In PUMPING SLALONS ........cccoiiieieie ettt 163
4.17.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations.................... 163
4,18 Shahgan] Phase-1 ZPS.........o ettt sttt reerne e 164
4181  Overview Of eXiStNG SYSIEIMS .......coiiriieieirerese et nnen 164
4.18.2  EIECIICITY SUPPIY ..iiueeieitieie ettt ee ettt sttt e s reenaesbesreensesneennennas 164
4.18.3  Talff SIUCKUIE. ..ot 164
4.18.4  EI€CtriCity Bill ANAIYSIS.....ccooiiiriiiiteeeieeeses e 165
4185 Energy Consumption Pattern at PUMPIiNg Station..........ccccocvevevieneeseseeeese e, 166
4.18.6 Pumping Station SyStem MapPiNg.........cceoererererrenreeeesesesre e seeeses s sseseeeesensens 169
4.18.7  Pumps Performance EVAIUGLION...........cccocieieieciece et 169
4.18.8 Auxiliaries In PUMPING SEALIONS .........ccveveirieriesesiesieeeese s 172
4189 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 173
419  SANGAN] PRESE-2 ZPS......oveooeeeeeeeeeeeseeseesee s s ses s sseese s sssse s s eeesse s s sessse s 174
4191  Overview Of eXiStiNg SYSIEMS ....c.ciiiieieiiee ettt re e nas 174
4.19.2  EIECIICITY SUPPIY ..iiueeieiteiie ettt et ste ettt st e s reenaesbesreenresneenneneas 174
4.19.3  Talff STUCKUIE.......oiieieeeeee e 175
4.19.4  EleCtriCity Bill ANBIYSIS......coii ettt sttt 175
4.19.5 Energy Consumption Pattern at PUMPING SEAiON.........ccooviirereneiicineseseseeeeeeeenins 176
4196 Pumping Station System Mapping.......ccccceeceiereeriesieeeese s eseestesee e sreeaesreseessessessesees 179

Smart City

NNG

Aia[ Mission for Re}uwnanml
Urban Transformation

AGRA NAGAR NIGAM



4.19.7  Pumps Performance EVAIUGLION...........cccocieieie e 179
4.19.8 Auxiliaries In PUMPING SEALIONS .........ccveieiririsiesiesee s 182
4199 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 183
4.20 Kedar Nagar PUMPING SEALON ......cc.ceiiiiicicie ettt st sttt sreenne s 184
4.20.1  Overview Of eXiStNG SYSIEIMS .......cciiiieieireres e nnen 184
O L= o oL YRS U o o] Y S 184
4.20.3  TaAfF SITUCKUIE.......oiiieeecee e nnea 185
4.20.4  EIeCtriCity Bill ANBIYSIS......ccoiieeieiiceese ettt sttt ne e ns 185
4.20.5 Energy Consumption Pattern at PUMPINg SEatioN.........ccooevirereneiecneseseseeeeeeeenins 186
4.20.6 Pumping Station System Mapping........cccceeeeiereereseeeese s esee e seesre e eaesreseessesseesesees 189
4.20.7  Pumps Performance EValUBLION. ..o 189
4.20.8 Auxiliaries In PUMPING SLALIONS .......ccceciiieieieceee sttt 191
4,209 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 192
R - T = 3 74 = SO 192
4.21.1  Overview Of eXiStiNg SYSIEMS ....c.cii ettt sre e re s r e e e 192
4.21.2  EIECHICIEY SUPPIY . ..iiterrieeeeieeee st e e nne 193
4.21.3  Taff SHUCTUE. ..ottt 194
4.21.4  EleCtriCity Bill ANBIYSIS......coi ittt e e ees 194
4.21.5 Energy Consumption Pattern at PUMPIiNg Station..........ccccocevevevieieeseseeiese e, 195
4.21.6 Pumping Station SyStem MapPiNg.........ccoeoererererrenrereesesesre e seeeesessens 198
4.21.7  Pumps Performance EVAIUBLION...........cccocieceieiicse et 198
4.21.8 Auxiliaries In PUMPING SLALONS .......cccoiiiieieiieceese ettt 199
4.21.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations.................... 200
N T G 00 = A o SRS 201
4221  Overview Of eXiStNG SYSIEIMS .......coiiiieieireres e nnen 201
A L= o (oL YRS VT o o] Y S 201
4.22.3  TaTT SITUCKUIE.......ociieeeeeee e 202
4.22.4  ElIeCtriCity Bill ANBIYSIS......ccovieeieiiciese sttt sttt nas 202
4225 Energy Consumption Pattern at PUMPING SEaiON.........ccoovvirereneieeineeeseseeeeeeeenins 203
4.22.6 Pumping Station System Mapping.......ccccceeeeiereeiesieeeese s esee e seesresreeaesreseesse e ssesees 206
4,227  Pumps Performance EVAIUGLION...........cccocieceie et 206
4.22.8 Auxiliaries In PUMPING SEALIONS .........covereirieriesiesiereeeese s nnen 208
4,229 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 209
A B N\ = V] = 2 = 74 RSP 210
4231 Overview Of eXiStiNg SYSIEMS ....c.ciiiieiiiee ettt re b e e 210

Smart City

NNG

Aia[ Mission for Re}uwnanml
Urban Transformation

Y R
" *
— g )
AGRA NAGAR NIGAM



4.23.2  EIECIICITY SUPPIY ..iireeieitieie ettt sttt ste st ettt et e s re e besreesesreeneeneas 210

4.23.3  TafT SHTUCKUIE.......ooiiiieecee e n e 211
4.23.4  ElIeCtriCity Bill ANBIYSIS......ccoiiieieiiciete sttt sttt n e nas 212
4.23.5 Energy Consumption Pattern at PUMPIiNg Station...........cccccvevevieieeseseciese e, 212
4.23.6  Pumping Station SyStem MapPiNg.........cceoererererrenreeeesesesressesseseeesesse s sseseeessessens 216
4.23.7  Pumps Performance EVAIUGLION...........cccociecieiecicce et 216
4.23.8  Auxiliaries In PUMPING SEALIONS .........ccveeeirieriesesiesiee et 218
4239 Tota Energy Consumption Estimation For Pump sets& Pumping Stations.................... 219
i 0] 1T o1 (0] K= W =T o= SRR 220
4.24.1  Overview Of eXiStiNg SYSIEMS ....cc.oiiiieiiiee ettt st sreene s nas 220
4.24.2  EIECHICIEY SUPPIY . ..eiteirieeeeieeei sttt n e e nnen 220
4.24.3  Taff SHUCTUIE. ..ottt 221
4.24.4  ElIeCtriCity Bill ANBIYSIS......cciviieieii ettt sttt ns 221
4.245 Energy Consumption Pattern at PUMPING SEaiON.........ccooviiiereneieeneseseseeeeeeeenins 222
4.24.6 Pumping Station System Mapping........cccceeeeiereeseseeeese s esee e seesre e eaesreseesse e snesees 227
4.24.7  Pumps Performance EValUBLION...........c..coeiririiiiceecesese e 227
4.24.8  Auxiliaries In PUMPING SLALONS ........ccooiiieieieciese ettt 229
4.24.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations.................... 229
4.25  REO FOIt BOOSIEN ......c.oiiiiiiiiiiciniceseis ettt 230
4251  Overview Of eXiStNG SYSIEIMS .......cciiiieieieeres e nnen 230
S L= o oL YRS U o o] Y S 230
4.25.3  Taff SIUCTUIE......c.eieiiciiecc s 231
4.25.4  EI€CtriCity Bill ANAIYSIS.....ccoiiiiriiiiieceeeee et 231
4255 Energy Consumption Pattern at PUMpiNg Station...........cccocvevevieneesieseeeese e, 232
4.25.6  Pumping Station SyStem MapPiNg.........cceoererererrenreireesessesressesseseeese e ssessesseseeessessens 232
4.25.7  Pumps Performance EVAIUGLION...........cccocieceii et s 232
4.25.8 Auxiliaries In PUMPING SEALIONS .........coveeeireriesieniesieeeese e 233
I N L TV 0 = o SR 234
5 BasEliNE ASSESSIMENT ... 236
5.1  Definition of possible and operating CombiNationS ............ccecvvieieeieieeie e 236
5.2  Key measurementsfor determining baseline or preimplementation level ...........c..ccccvneeee. 236
53 BASEIING. ...ttt et et e ae et e ereeneeteseeeneenens 237
6 Energy EffiCIEeNCYM EASUIES........cceeiiiiieceese sttt sttt st sresre e 241
6.1  Summary of Energy EffiCienCy MEESUIES...........ccceiiiiriiinisieeeeee e 241
6.2  Detailed Energy EffiCienCy MEASUIES...........ccceeceeiiiieeie ettt s 248
1o T &5 o




6.2.1 Replacement of old pump sets with new, efficient pump SEtS.......ccccovveevevecceece e, 248

6.2.2 Power factor improvement through installation of APFC panels..........ccccvveieiecniene. 258
6.2.3 Lighting OptimiZation.........cceeveieeeese ettt st ee e e e e enaesnas 271

7 Repair & MaintenanCe MEASUIES.........cccuiiiiierieiteeiesesteesesteseesaesteseesse s e eaestesreensesresseensens 274
7.1 Present R&M and O& M EXPENSES. ... .ocueeiereiieie e eieesie st eee et eee e esee e sneeseeseeeneeneesaeeneenes 274

8 Project Financialsand BUSINESS MOUE ..........cceiviiieiiiieiese et 275
8.1  TOtal ProOJECt COSt (CAPEX).....oveeeeeeieeeeeseseeeesseeeesessesesssessessesssssessesssssssssessssssesssesssssessnenes 275
I A @0 = - 1] 1o O £ (@] ) T 276
8.3  Financing Terms and other tax related assuMPLioNS...........cooviererereierines e 276
8.4  Output - Annuity Payment tO EESL ........ccov oo 277
8.5  SENSIIVITY @NAIYSIS... ettt 277
8.6  Payment Security MEChaNISIM.........ccoiiiiiece e 278
86.1 LEEr OF CrEAIT.......ceieiiitceet et 278

9 Key Observations and SUGQESLIONS........ccceoiriririnieresiee st 279
9.1  Other Observations AN LiMitaliONS..........courreiireinieiinieenieisresesee e 282
10 Measurement and Verification (M& V) ......ccuoiiiiiiiicieees s 285
10.1 Definition of possible and operating CombiNatioNS ..........c.cceceveieeciiece e 285
10.2 Flow of aCtivitieS UNder M & V PrOCESS........cccuiiriirrereeieesesiesse st 285
10.3 Preand post implementation aSSESSIMENT .........ccvcieieiiere et enee s 286
10.4 Correction Factors and adjUSIMENES..........ccueerirerereeeieese e 287
10.5 Determinalion Of SAVINGS.......cvcieiiiieie ettt e et e s tesreeaesreesa e besreennenes 287
11 Risk Responsibility Matrix & Risk Mitigation..........cccoveeeveieeieii e 289
Health, Safety @and SOCIAl FISK .......c.ciiiieieiieceres st 292

12 Project Implementation SChedUIE............coooeeiiicece e 294
12,1 EXECULION SITBLEOY ...eeuveueeueeueesensestessesseseeeeie s ss s st s e e st s s s s ss e e e enearesn e s e n e s e e enenneanis 294
D (070705 =0 STor 1= o = S 295

N ] (U T TP PP PR PRSPPI 296

NNG

S mart Cit y Aial Mission for Re}uwnanml

Urban Transformation

s * * *
b *
—l "EESL
AGRA NAGAR NIGAM



LIST OF TABLES

Table 1: POPUIELion Of AQIaiCity . ..o ee ettt st e st e s aeeeesae e e et e sse e e e seesreeneesneeneenes 8
Table 2: Details of PUMPING SALIONS........ciieieiiceece e e e st e e e s besreennesnesrnenes 9
Table 3: Historical water pumped and energy consumption datafor last three years.........cccovveeeevieceennen. 11
Table 4: Historical pOwer faillUre dala...........covieeeiieee e 11
Table5: Rainfall and Climate data of AQraCity ......coceeceiiiieie et 12
Table 6: Ground Water Profil€...........oooe ettt s eeesee e e 12
Table 7: Reservoir levels at different SEASONS..........ci oo 13
Table 8: Water COSE ESHIMBLTON. ..ottt sttt st b e b se b b ee 13
Table 9: Connected load details for pumMPING SLALIONS.........coceeirieeee e 14
Table 10: Tariff structure (From DVVNL FY 2016-17 Tariff order).....cccccvveeevv e, 16
Table 11: Energy cost and energy consumption detail for Jeoni Mandi...........ccoooveeiiiiiieninnccceneeeen, 17
Table 12: DetailS Of TranSfOMMErS .......c.oii ettt s eesre et e ae e e e see e eneas 17
Table 13: General details of Old INtAKE WEND ........o.eoeiiiiieeeee e 21
Table 14: Performance Evaluation of pumps at Old Intake Well ...........coooiiieieiiiee e 21
Table 15:0ther electrica equipment at Old Intake Well - Transformer & Instrumentation...................... 22
Table 16:0ther electrica equipment at Old Intake Well - Lighting ........cccveveeeieiiece e, 22
Table 17:Other electrical equipment at Old INntake W .........coo i 23
Table 18:Estimated annual energy consumption and water supply for Old Intake Well..............ccccuenenee. 23
Table 19: Details Of TranSfOMMErS ... ..ottt s eeereeeesae e e e seesneeneas 25
Table 20: General details of New INtBKE WEIL ..o e 29
Table 21: Performance Evaluation of pumps at New Intake WEll..........cccovvveeeii e, 29
Table 22: Other electrical equipment at New Intake Well- Transformer & Instrumentation.................... 30
Table 23: Other electrical equipment at New Intake Well - [ighting........ccoeveeeveiiece e, 31
Table 24: Other electrical equipment at New Intake Well —auxiliary pumps and other loads.................. 31
Table 25: Estimated energy consumption for New Intake Well ............ocooiiiiiiii e, 31
Table 26: DetailS Of TranNSfOMMENS ........oviiiiiiieieeee ettt be b s 34
Table 27: General details of New INtake W ...........ooe o 37
Table 28: Performance Evaluation of pumps at New Jal Nigam Intake Well ...........ccoooveeecvivcceceieenen, 38
Table 29: Other electrical equipment at New Jal Nigam Intake Well- Transformer & Instrumentation...39
Table 30: Other electrical equipment at New Jal Nigam Intake Well - Lighting ..........ccooeoeieicininennene 40
Table 31: Other electrical equipment at New Jal Nigam Intake WEll ..........ccocoevviieievecceece e, 40
Table 32: Estimated energy consumption for New Jal Nigam Intake Well ... 40
Table 33: DetailS Of TranNSfOMMENS ........oiiiiiririeee ettt ae b e 42
Table 34: General details of GOIKAMIAPIANT .........c.cciiieiiiicece e 43
Table 35: Other electrica equipment at HT Plant (Golkamra Pumping Station) - Transformer &
LIS g0 pgT= g1 = o] o TSRS 44
Table 40: General details of GOIKAMIa PlaNT ..........ooiiieiiieeere e 48
Table 37: Other electrical equipment at Synchronous Pumping Station —Jeoni Mandi..............ccccueeeee.. 49
Table 38: DetailS Of TranNSfOMMENS ........couiiiiii ettt b b s 51
Table 39: General details of GOIKamMIraplant ............ccoviiriiiiere e 57
Table 40: Performance Evaluation of pumpsat 8 VT Plant ..........cccceviiieviiicie e 57
Table41: Parallel pumping al 8 VT Plant.... ..o oot 58
Table 42: Other electrica equipment at 8 VT Plant, Jeoni Mandi Water Works - Transformer &
LIS g0 pgT= g1 = o] o TSRS 59

==
Atal Mission for Rejuvenation

S mart Ci ty and Urban Transformation




Table 43: Other electrical equipment at 8 VT Pump House - [1ghting .........coevveieeeninineseeeeeese 59

Table 44: Other electrical equipment at 8 VT PUMP HOUSE..........coouiiiieeiiiice et 59
Table 45: Estimatedenergy consumption for 8 VT Plant...........ccoeeoeiiieiineeere e 60
Table 46: DetailS Of TranNSfOMMENS ........couiiiiii ettt ae b s 62
Table 47: General details of FIOWMOre Plant...........cooeeiiiiiie e 68
Table 48: Performance Evaluation of pumps at Flowmore Plant ... 68
Table 49: Other eectrical equipment at Flowmore Pump House - Transformer & Instrumentation ........ 69
Table 50: Other electrical equipment at Flowmore Pump House — lighting............ccooovieeeeiiiiecenenene, 70
Table 51: Other electrical equipment at Flowmore PUMP HOUSE..........occeoiiirieiieee e 70
Table 52: Estimated energy consumption for Flowmore Plant............ccceevviieceve e 70
Table 53: Tariff structure (From DVVNL FY 2016-17 Tariff order)........ccocooeveieieninineneieeceeesess 72
Table 54: Energy cost and energy consumption detail for Sanjay Palace ZPS............ccccooveeevvvecciecnnen, 73
Table55: Details Of TranSfOMMEIS ..ottt e e e e e see e eneas 74
Table 62: Transformer 10adiNg @NAlYSIS........ooiieeerieee e e e e eesaeeneas 79
Table 57: General details of Sanjay Place pUMP NOUSE.........c.covieeiiiiieece et 80
Table 58: Performance Evaluation of pumps at Sanjay Palace ZPS — Maithan Side.............cccecverenene 81
Table 59: Performance Evaluation of pumps at Sanjay Palace ZPS — Hariparvat Side............cccceeuvnenee. 81
Table 60: Parallel pumping at Sanjay PalaCe ZPS............ooi ettt 82
Table 61: Other electrical equipment at Sanjay Place ZPS- Transformer & Instrumentation................... 83
Table 62: Other electrical equipment at Sanjay Place ZPS - Lighting.........ccceecevviieie v, 84
Table 63: Other electrical equipment at Sanjay Place ZPS..........ccooiiiiiiicceeee e 84
Table 64: Estimated energy consumption for Sanjay Palace ZPS...........ccccoveeeiviiece s, 84
Table 65: Tariff structure (From DVVNL FY 2016-17 Tariff order)......cccovveeevv e, 86
Table 66: Energy cost and energy consumption detail for Kotwali ZPS...........cocoooeiiiieieinieeneee, 86
Table 67: DetailS Of TranNSfOMMENS .......coviiiiii ettt bbb 87
Table 74: Transformer 10adiNg @NAlYSIS........ooviiiirieeereee et e e e eneas 90
Table 69: General details of Sanjay Place pUMP NOUSE...........oii e 91
Table 70: Performance Evaluation of pumps at Kotwali ZPS..........cccoeviiiice e 92
Table 71: Parallel pumping at KOtwali ZPS ..........ccooiieeee e 93
Table 72: Other electrical equipment at Kotwali ZPS- Transformer & Instrumentation.............cccceeuee.. 94
Table 73: Other electrical equipment at Kotwali ZPS - Lighting........cccceeviereneiiineseseseeeeeeesee 9
Table 74: Other electrical equipment at KOtwali ZPS............ocooiiiiieeeeee e 94
Table 75: Estimated energy consumption for Kotwali ZPS...........cccoiiieiiiicce e 95
Table 76: Tariff structure (From DVVNL FY 2016-17 Tariff order)......ccooeveeeieneeee e 96
Table 77: Energy cost and energy consumption detail for Suryanagar ZPS...........c.cccocvvevveveiecciecieenee, 96
Table 78: DetailS Of TranSfOMMENS ........oviiiiii ettt ae b s 97
Table 85: General details of SUryanagar ZPS.............c.cooiiiiiiiieeeeee s 103
Table 80: Performance Evaluation of pumps at Suryanagar ZPS...........cccceceveiieieve e 104
Table 81: Parallel pumping at Suryanagar ZPS............coiiiiiiiieeeenenese s 105
Table 82: Other auxiliary equipment at Suryanagar ZPS - Transformer & Instrumentation................... 106
Table 89:Other electrica equipment at Suryanagar ZPS - Lighting........cccceeeveieece e 106
Table 84: nOther electrical equipment at Suryanagar ZPS — Auxiliary pumps and others..............c....... 106
Table 85: Estimated annual energy consumption and water supply for Suryanagar ZPS....................... 106
Table 86: Tariff structure (From DVVNL FY 2016-17 Tariff order)........ccoccoeveirieninenesceeeesesene 108
Table 87: Energy cost and energy consumption detail for Mathura Road ZPS..............ccccovvveveiene. 109
Table 88: DetailS Of TranNSfOMMENS ........ccviiiiiirieee ettt sttt saas 110
Table 89: Transformer 10ading @NalYSIS........ccuiereieiririre s 112
Smart City Atal ‘\'hssinn fnrree,ummm, HORT = T : E E 5 L

Urban Transformation AGRA NAGAR NIGAM



Table 96: General details of MathuraR0oad ZPS.............cooiiiiiieeeeee e 113
Table 91: Performance Evaluation of pumps at MathuraRoad ZPS...........cccooviveve e 113
Table 92: Parallel pumping at Mathura R0 ZPS ... 114
Table 93: Other auxiliary equipment at Mathura Road ZPS - Transformer & Instrumentation.............. 115
Table 94: Other eectrical equipment at Mathura Road ZPS - Lighting .......ccccoeeveeeveveecece e 116
Table 95: Estimated energy consumption for MathuraRoad ZPS ... 116
Table 96: Tariff structure (From DVVNL FY 2016-17 Tariff order)......cccceocevvieece e 118
Table 97: Energy cost and energy consumption detail for Trans Yamuna ZPS.............cccccvennenennenns 118
Table 98: General details of TranS YamUNA ZPS.............cooooiiiieiiieeeeese e 121
Table 99: Performance Evaluation of pumpsat Trans YamunaZPS ...........cccocevveeeveeeeceseseese s 122
Table 100: Other auxiliary equipment at Trans Y amuna ZPS - Transformer & Instrumentation............ 123
Table 101: Estimated energy consumption for Trans YamunaZPS............ccccoviveee e ceece v 124
Table 102: Tariff structure (From DVVNL FY 2016-17 Tariff order).......ccccovovveeeevereeieneeeeese e 125
Table 103: Energy cost and energy consumption detail for Lawyers Colony ZPS..........cccccoovevenienns 126
Table 104: General details of Lawyers Colony ZPS...........c.coovceeieiiceesesiceese et 129
Table 105: Performance Evaluation of pumps at Lawyers Colony ZPS.........cccoooevereeiieneeeenene e 130
Table 106: Parallel pumping at Lawyers’ Colony ZPS .........cccooiiiiiieiicicese e 131
Table 107: Other auxiliary equipment at Lwyers Colony ZPS - Transformer & Instrumentation........... 132
Table 108: Other electrical equipment at Lawyer’s Colony ZPS - Lighting ........cccccoevvevineieieienenenns 132
Table 109: Other electrical equipment at Lawyer’s Colony ZPS — auxiliary pumps and other loads..... 132
Table 110: Estimated annual energy consumption and water supply for Lawyers Colony ZPS............ 133
Table 111: Tariff structure (From DVVNL FY 2016-17 Tariff order).......cccceevveeeevveeecece e 134
Table 112: Energy cost and energy consumption detail for Nirbhay Nagar ZPS...........ccccceceevvivevienen. 134
Table 113: General details of Nirbhay Nagar ZPS ... 138
Table 114: Performance Evaluation of pumps at Nirbhay Nagar ZPS...........ccccoeeevieviccece e 139
Table 115: Parallel pumping at Nirbhay Nagar ZPS ... 140
Table 116: Other auxiliary equipment at Nirbhay Nagar ZPS - Transformer & Instrumentation........... 141
Table 117: Other eectrical equipment at Nirbhay Nagar ZPS - [ighting.........ccccoveeeveieecece e 141
Table 118: Estimated energy consumption for Nirbhay Nagar ZPS..............cccooeiiininnencncceeeeee 141
Table 119: Tariff structure (From DVVNL FY 2016-17 Tariff order)........cccoevveece v 143
Table 120: Energy cost and energy consumption detail for Lohamandi ZPS..............cccoeiiininincnenns 143
Table 121: Details Of TranSfOrMENS......cooi ittt eeere e e e sneeneenes 144
Table 122: General details of LOhamandi ZPS.............ccociiiiiiiirneee s 150
Table 123: Performance Evaluation of pumps at Lohamandi ZPS...............ccoooiinininnenceeeeeenee 150
Table 124: Parallel pumping at Lohamandi ZPS............ccoiiiiieieie e 151
Table 125: Other auxiliary equipment at Lohamandi ZPS - Transformer & Instrumentation................. 152
Table 126: Other electrical equipment at Lohamandi ZPS - lighting ...........ccoeveinininnesccceecneen 152
Table 127: Other electrical equipment at Lohamandi ZPS — auxiliary pumps and other loads............... 153
Table 128: Estimated energy consumption for Lohamandi ZPS.............cccooeiiiiinininenenceeeeeee 153
Table 129: Tariff structure (From DVVNL FY 2016-17 Tariff order)......cccccovvveecevveeeceveceece e 155
Table 130: Energy cost and energy consumption detail for Keshavkunj ZPS............cccccooveeviiceeciene, 156
Table 131: Details Of TranSfOrMENS......coouiiieeeeeee ettt eesre et e sneeneenes 156
Table 132: General details of Keshavkunj ZPS..........oovoiiiiiieie et 160
Table 133: Performance Evaluation of pumps at Keshavkunj ZPS............ccooiiiiiinnneccceeenen 161
Table 134: Parallel pumping at Keshavkunj ZPS...........cooiiiiieiece e 162
Table 135: Other auxiliary equipment at Keshavkunj ZPS - Transformer & Instrumentation................ 163
Table 136: Other electrical equipment at Keshavkunj ZPS - [ighting ..........ccceeeiiininenenceeeeenee 163
Smart City Atal ‘\'hssinn fnrree,ummm, HORT = T : E E 5 L

Urban Transformation AGRA NAGAR NIGAM



Table 137:
Table 138:
Table 139:
Table 140:
Table 141:
Table 142:
Table 143:
Table 144:
Table 145:
Table 146:
Table 147:
Table 148:
Table 149:
Table 150:
Table 151:
Table 152:
Table 153:
Table 154:
Table 155:
Table 156:
Table 157:
Table 158:
Table 159:
Table 160:
Table 161:
Table 162:
Table 163:
Table 164:
Table 165:
Table 166:
Table 167:
Table 168:
Table 169:
Table 170:
Table 171:
Table 172:
Table 173:
Table 174:
Table 175:
Table 176:
Table 177:
Table 178:
Table 179:
Table 180:
Table 181:
Table 182:
Table 183:

Smart City

Other electrical equipment at Keshavkunj ZPS — auxiliary pumps and other loads.............. 163
Estimated annual water supply and energy consumption for Keshavkunj (Bodla) ZPS....... 163
Tariff structure (From DVVNL FY 2016-17 Tariff order)......cocceoereeeeneieeee e 165
Energy cost and energy consumption detail for Shahganj Phase-1 ZPS............cccccocveine. 165
DetailS Of TranSfOMMENS.........cooiiiiiriiiee ettt naenas 166
General details of Shahgan] Phase-1 ZPS...........ccccoeoiiiiniiesee e 170
Performance Evaluation of pumps at Shahganj Phase-1 ZPS...........cccccceviieveieniese e, 170
Parallel pumping at Shahgan] Phase-1 ZPS.............coooiieeeeene e 171
Other auxiliary equipment at Shahganj Phase-1 ZPS - Transformer & Instrumentation ...... 172
Other dectrical equipment at Shahganj Phase-1 ZPS - lighting........cccccevveeveveveecececeenen, 172
Other electrical equipment at Shahganj Phase-1 ZPS — auxiliary pumps and other loads..... 173
Estimated energy consumption for Shahganj Phase-1 ZPS...........ccccceveviieveceviece e, 173
Tariff structure (From DVVNL FY 2016-17 Tariff order)......coccevereeeeneieeene e 175
Energy cost and energy consumption detail for Shahganj Phase-2 ZPS..............ccocovienee 175
DetailS Of TranSfOMMEN'S.........cooiiiiirierieee ettt nae s 176
General details of Shahgan] Phase-2 ZPS............coooineeeeeses e 180
Performance Evaluation of pumps at Shahganj Phase-2 ZPS...........ccccceeiieveieniese e, 180
Parallel pumping at Shahgan] Phase-2 ZPS...........ccooeiiieee e 181
Other auxiliary equipment at Shahgan] Phase-2 ZPS - Transformer & Instrumentation ...... 182
Other dectrical equipment at Shahganj Phase-2 ZPS - lighting........cccccovvveveveieccececeenen, 182
Other electrical equipment at Shahganj Phase-2 ZPS — auxiliary pumps and other loads .... 183
Estimated energy consumption for Shahganj Phase-2 ZPS...........ccccceveiiievecevece e, 183
Tariff structure (From DVVNL FY 2016-17 Tariff order)......cccccevevvecevv i 185
Energy cost and energy consumption detail for Kedar Nagar ZPS.............cccoooovninencnnne 185
DetailS Of TranSfOMMEN'S.........cooiiiiiriesieee ettt 186
General details of Kedar Nagar ZPS............cooiiiiiiis e 189
Performance Evaluation of pumps at Kedar Nagar ZPS ..........ccccoooiiieiinin e 190
Other auxiliary equipment at Kedar Nagar ZPS - Transformer & Instrumentation .............. 191
Other electrical equipment at Kedar Nagar ZPS - lighting.........ccccooveoeiiiiinienieeceee, 191
Other dectrical equipment at Kedar Nagar ZPS — auxiliary pumps and other loads............. 192
Estimated annual energy consumption and water supply for Kedar Nagar ZPS................... 192
Tariff structure (From DVVNL FY 2016-17 Tariff order)......coccevereeeeneieeene e 194
Energy cost and energy consumption detail for Tajgan] ZPS.........c.cccooveeeieveeceve e, 194
DetailS Of TranSfOMMIEIS. ......oceee ettt e et e e e e aesneeseeseeeneens 195
General details Of Taigan] ZPS........c.oooiiiiece et 198
Parallel pumping at Tagan] ZPS..........ooveoiieceese et 199
Other auxiliary equipment at Tgjganj ZPS - Transformer & Instrumentation....................... 199
Other dectrical equipment at Tajganj ZPS - lighting ........ccceveieeveieseese e 200
Other electrical equipment at Tajganj ZPS — auxiliary pumps and other loads..................... 200
Estimated annual energy consumption for Tajgan] ZPS..........ccccvevivieieii e 200
Tariff structure (From DVVNL FY 2016-17 Tariff order)......cccccevevvecevv i 202
Energy cost and energy consumption detail for Rakabgan] ZPS.............cccoeiiininincncnnene 202
DetailS Of TranSfOMMENS.........cooiiiiirieieeee et nae e 203
General details of Rakabgan] ZPS...........cooiiiiiii e 207
Performance Evaluation of pumps at Rakabgan] ..........ccceceeeeieieese e 207
Other auxiliary equipment at Rakabganj ZPS - Transformer & Instrumentation.................. 209
Other electrical equipment at Old Rakabganj ZPS - lighting ........ccccoeeeeroiveeieneneeeceeeene, 209

Sl = R
& *
Aia[ ‘\'hssinnfnr Re}uwnanml HORT d9X %TEH

Urban Transformation AGRA NAGAR NIGAM



Table 184:
Table 185:
Table 186:
Table 187:
Table 188:
Table 189:
Table 190:
Table 191:
Table 192:
Table 193:
Table 194:
Table 195:
Table 196:
Table 197:
Table 198:
Table 199:
Table 200:
Table 201:
Table 202:
Table 203:
Table 204:
Table 205:
Table 206:
Table 207:
Table 208:
Table 209:
Table 210:
Table 211:
Table212:
Table 213:
Table 214:
Table 215:
Table 216:
Table217:
Table 218:
Table 219:
Table 220:
Table 221:
Table 222:
Table 223:
Table 224:
Table 225:
Table 226:
Table 227:
Table 228:
Table 229:
Table 230:

Smart City

Other electrical equipment at Rakabganj ZPS — auxiliary pumps and other loads................ 209
Estimated energy consumption for Rakabgan] ZPS............cccoveieii s 209
Tariff structure (From DVVNL FY 2016-17 Tariff order)......cocceoereeeeneieeee e 211
Energy cost and energy consumption detail for Navlakha ZPS..............cccoovvieiiivceeciene, 212
DetailS Of TranSfOMMENS.........cooiiiiiriiiee ettt naenas 212
General details of Navlakha ZPS...... ..o 216
Performance Evaluation of pumps at NavliakhaZPS............cccocooveiiiieiiii e, 217
Parallel pumping at NavliakNa ZPS............ccoooiiiie s 218
Other auxiliary equipment at Navlakha ZPS - Transformer & Instrumentation.................... 218
Other dectrical equipment at Navlakha ZPS - lighting..........cccceeviviiiiiccie e, 219
Other electrical equipment at Navlakha ZPS — auxiliary pumps and other loads.................. 219
Estimated annual energy consumption and water supply for NavlakhaZPS........................ 219
Tariff structure (From DVVNL FY 2016-17 Tariff order)......coccevereeeeneieeene e 221
Energy cost and energy consumption detail for Chhipitola Booster ............cooeeereeceenennnene 221
General details of ChhipitolabOOSLEY ........ccoiiiieieiecese e s 227
Performance Evaluation of pumps at Chhipitolabooster ............ccoooviieiiniiicerieeere e 228
Other auxiliary equipment at Chhipitola booster - Transformer & Instrumentation............. 229
Other dectrical equipment at Chhipitola Booster - lighting........cccccoveeeeieveeceere e, 229
Estimated annual energy consumption and water supply for Chhipitola booster .................. 229
Tariff structure (From DVVNL FY 2016-17 Tariff order)......cccccecevvecevviiee e 231
Energy cost and energy consumption detail for Red Fort Booster ..........cccooovveeienceceeninneee 231
General details of Red FOIrt DOOSIES ........cccuiiiiriiriiieiecees e 233
Performance Evaluation of pumps at Red FOrt DOOSES ..........cccveveiiieeece e 233
Other auxiliary equipment at Red Fort booster - Transformer & Instrumentation................ 233
Other eectrical equipment at Red Fort Booster - lighting.........cccccevveeecieviecese e, 234
Estimated energy consumption for Red Fort BOOSLES ..........cccoverieiiiieieeeeee e 234
Estimated energy consumption and water supply basalinesfor Agra.......ccocceeeeceveeeeenenene 239
Overall summary of energy CONSErvation MEASUIES..........ccuevveiueereerieeeesesreeeessesreesaessesseees 241
Cost benefit analysis of pump replacement at 8VT Plant.........ccoooeieieeieninceneneeeeeee, 248
Cost benefit analysis of pump replacement at Old and New Intake Wélls...........ccceueneeee. 249
Cost benefit analysis of pump replacement at New Jal Nigam Intake Well .............c.c.......... 250
Cost benefit analysis of pump replacement at Sanjay Place ZPS............ccooeveiiineicicnnene 250
Cost benefit analysis of pump replacement at Kotwali ZPS............ccoovecevvieevevecceece e, 251
Cost benefit analysis of pump replacement at Mathura Road ZPS.............ccoeiininiicnnne 252
Cost benefit analysis of pump replacement at Trans Yamuna ZPS............ccccccecevvevveveieenen. 253
Cost benefit analysis of pump replacement at Lawyers Colony ZPS..........cccocvvveveeceieenen. 254
Cost benefit analysis of pump replacement at Shahganj Phase-1 ZPS............ccccooeiiinennne. 255
Cost benefit analysis of pump replacement at Shahganj Phase-2 ZPS............cccoovevvevveeenee, 255
Cost benefit analysis of pump replacement at Rakabgan] ZPS ...........cccoiiiieiinrieeceneees 256
Cost benefit analysis of pump replacement at NaviakhaZPS............ccccovvvieevvceciecee 257
Cost benefit analysis of pump replacement at Chhipitolabooster..........cccoovevveveivececeieenen, 258
Cost benefit analysis of APFC installation at Sanjay Place ZPS...........cccoveieiceenenne 258
Cost benefit analysis of APFC instalation at Kotwali ZPS..........cccccooveieveceece e, 259
Cost benefit analysis of APFC installation at Suryanagar ZPS...........cccooviieneieienienennens 260
Cost benefit analysis of APFC instalation at MathuraRoad ZPS.............cccoeevvvcvieciecienen, 261
Cost benefit analysis of APFC instalation at Trans Yamuna ZPS............cccccceevvvvevieveceenen, 261
Cost benefit analysis of APFC installation at Lawyers Colony ZPS............ccocooeeeieeienennenn. 262

Sl = R
& *
Aia[ ‘\'hssinnfnr Re}uwnanml HORT d9X %TEH

Urban Transformation AGRA NAGAR NIGAM



Table 231:
Table 232:
Table 233:
Table 234:
Table 235:
Table 236:
Table 237:
Table 238:
Table 239:
Table 240:
Table 241:
Table 242:
Table 243:
Table 244:
Table 245:
Table 246:
Table 247:
Table 248:
Table 249:
Table 250:

Smart City

Cost benefit analysis of APFC installation at Nirbhay Nagar ZPS............ccccoeiiiiiiinenne. 263
Cost benefit analysis of APFC instalation at Lohamandi ZPS.............cccoovevevivvccececeenen, 263
Cost benefit analysis of APFC installation at Keshav Kunj (Bodla) ZPS...........cccceovvenee. 264
Cost benefit analysis of APFC instalation at Shahganj-1 ZPS..........ccccoovvieeviivccececeee, 265
Cost benefit analysis of APFC instalation at Shahganj-2 ZPS..........cccoovveeevvvvccececeen, 266
Cost benefit analysis of APFC installation at Kedar Nagar ZPS............ccccoooveieicieinennenn 266
Cost benefit analysis of APFC instalation at Tajganj ZPS..........ccocvveeieveceece e, 267
Cost benefit analysis of APFC installation at Rakabgan] ZPS ... 268
Cost benefit analysis of APFC installation at Navliakha ZPS..............ccoooiiiiiieicicne 268
Cost benefit analysis of capacitor installation at Chhipitolabooster ..........ccccceevevveciereinenen. 269
Cost benefit analysis of capacitor installation at Red Fort booster ............ccooveveicieeinennne 270
R&M expenses for Water Supply establishmentSin Agra.......ccoeeceveevevi e s 274
TOLAl PrOJECE COSL ..ottt n e e nen e seenenre 276
Financing terms and tax related aSSUMPLIONS ..........cocieirirenesesee s 276
Annuity payment tO EESL .........oov oo e s 277
Project SENSItIVILY ANAYSIS. ....coiiiiiieiei e 277
List of Pumping station audited with pumps operating Status............cceeevvieeveseneseseenns 283
Adjustment factorstobe used duriNng M & V ....c.ooeieie e 287
Financial Risk Analysis and Mitigation............ccoeiereririeriinen s 289
Project Implementation SChEAUIE............ccce et 295

NNG

Aia[ Mission for Re}uwnanml
Urban Transformation

Y R
" *
— g )
AGRA NAGAR NIGAM



LIST OF FIGURES

Figure 1 Plant Layout for Old INtake WEL ..........ccueie ittt 15
Figure 2 Single line diagram for the Old Intake WL ..o 16
Figure 3 Monthly electricity consumption and electricity bill for Jeoni Mandi ...........ccccooeeeeeiiiieinnene 17
Figure 4 Voltage Variation of TranSfOrmMEr-L........c.ccceceeiiiieieese ettt st 18
Figure 5 Power consumption variation at Transformer-1.........cceieerrierieneseeene e 18
Figure 6 Power factor variation profile on Transformer-1..........ccccevevereesiese e 18
Figure 7 Frequency variation on TransfOrMEr-L.........ccceeiiiieieenieiiese ettt 19
Figure 8 Variation of THD in current on Transformer-1.........cccooiioriieeenn e 19
Figure 9 Variation in THD - voltage on Transformer-1 ........ccoovieeveieceese et 19
Figure 10 Transformer-1 1080ING. .......cooiiieeeeeee ettt sae e e saeseeeneesaeeneenes 20
Figure 11: P & ID diagram for Old INtake WEL ..........c.eooviiuieeeie et 20
Figure 12: Photographs of Old INtaKE WL ..........c..ooveieeee e 21
Figure 13 Plant Layout for New INtake WEL ... ..o e 24
Figure 14 Single line diagram for the New Intake Wl ...........ccco oo ie e 24
Figure 15 Voltage Variation at New Intake WEll ... e 25
Figure 16 Power consumption variation at New Intake Well ...........ccoovoeeiiieciei e 26
Figure 17 Power factor variation profile at New Intake Well ..........cccooveeeiiieccece e 26
Figure 18 Frequency variation at New Intake WEll ............oo oo 26
Figure 19 Variation of THD in current a New Intake Well ...........oooeieeeeci e 27
Figure 20 Variation in THD - voltage at New Intake Wl ... 27
Figure 21 P & ID diagram for New INtak@ WL ............oorieoiie e 28
Figure 22: Photographs of New INtaKE WED ...........coeeuieiiicee e 29
Figure 23 Plant Layout for New Jal Nigam Intake Well ..o 32
Figure 24 Single line diagram for the New Jal Nigam Intake Well ...........cccoooveiiiieieieccece e 33
Figure 25: Voltage Variation at New Jal Nigam Intake Well ... 34
Figure 26: Power consumption variation at New Jal Nigam Intake Well..........ccoooo oo 34
Figure 27: Power factor variation profile at New Jal Nigam Intake Well ..o 35
Figure 28: Frequency variation at New Jal Nigam Intake Wl ... 35
Figure 29: Variation of THD in current at New Jal Nigam Intake Well..........cccooovievviieceie e 35
Figure 30: Variationin THD - voltage at New Jal Nigam Intake Well .........cccoovvieiiiicceve e 36
Figure 31: Transformer loadingat New Jal Nigam Intake Well ... 36
Figure 32: P & ID diagram for New Jal Nigam Intake WEll .........cocoeieiieii e 37
Figure 33: Photographs of New Jal Nigam Intake Well ...........cooiioiiiie e 38
Figure 34 Plant Layout for Golkamra PUmP HOUSE ..........ccveieiiiicie ettt 41
Figure 35 Single line diagram for the Golkamra PUmp HOUSE............cccoeveiiieciese e 42
Figure 36: P & ID diagram for Gol Kamra pump NOUSE..........ccoeieerrieeiene e 43
Figure 37 Photographs of Gol Kamra pump NOUSE.........cccuiieeeiiiiere ettt 44
Figure 38: Single line diagram for the Synchronous PUMP HOUSE............ccooieieierininescceceeeeeeees 45
Figure 39: Voltage Variation at SynchronOUS Plant .............coceiiiioiiieeee e 46
Figure 40: Power consumption variation at Synchronous Plant ..............cccccvveeviniiiesese e 46
Figure 41: Power factor variation profile at Synchronous Plant............c.ccoovveeiininieneneeere e 47
Figure 42: Frequency variation a SynchronouS Plant ............ccocviieiiieieese e 47
Figure 43: Variation of THD in current a Synchronous Plant .............ccoceiiveeiene e 47
Figure 44: Variation in THD - voltage at Synchronous Plant............ccoeeeiiiieiene e 48
Figure45: P& ID diagram fOr WTP-3.........oo ettt sttt st 48

HE AN

S mart Cit y Aial Mission for Re}uwnanml

Urban Transformation

AGRA NAGAR NIGAM



Figure 46: Photographs of Synchronous pump NOUSE............ccoriiierrieeere e 49

Figure 47: Plant Layout for 8 VT PUMP HOUSE...........ccveiiiiieeeste sttt st 50
Figure 48: Singleline diagram for the 8 VT PUMP HOUSE ........cooviiiiiiriieceer e 51
Figure 49: VOItage Varialion ..........ccceeciiiiie sttt st sae e te st esbesnaestesteeneesresreensesneennenes 52
Figure 50: Power CONSUMPLION VAINTALON.........ccceecieiieceesie ettt st sttt ne e 52
Figure 51: POWer faCtOr VAITAiON ........ccuiiieeiesiee ettt st eeseeseeeneesaeeneenes 52
Figure 52: FreqQUENCY VarialiON..........ccccuiiieiieieseeie e eteeste st e et sseesae e saestesaeeneestesneessesseenaessesseensessessnenes 53
Figure 53: Variation Of THD IN CUMENT.........oiiiieeeeeiese st seeseeeee e eneenes 53
Figure 54: Variation in THD - VOITAOE.........ceiiieeeeeeeee et st ene s 53
Figure 55: Voltage Variation Profile...........cceieieece ittt s 54
Figure 56: Power CONSUMPLION VAINTAHON ..........ciieieieeieie e eeesie st et see e eeseeseeeneeseeeneenes 54
Figure 57: POWEr FCLOr VAITALON .......cc.oiiiieiiecieee ettt sttt ettt st st e esaesreenaesneennenes 54
Figure 58: FreqUENCY VAITAHION...........ceiiiieeeeeeeeeee e ee et ee sttt e seeste e teseeeneesaesneeneesaeeneeseesseensesaeeneenes 55
Figure 59: Variation in THD - CUITENL .........coiiiieieee et e e sne e e seeseeeneeseeeneenes 55
Figure 60: Variaion in THD - VOITAOE.........ccoiiiiee ettt sttt ne e 55
Figure 61 TransformMer 0AOING .......coeereirieereeeee et e sttt e see et e tesne et e saeeeeseesreeneesaeeneenes 56
Figure 62: P& ID diagram fOr 8 VT Plant ........cecceiiiiieie ettt st 56
Figure 63: Photographs Of 8 VT Plant ........ccccci ettt sttt 57
Figure 64: Plant Layout for FIOWMOre PLant ..........ccoooieiriieeeee e 60
Figure 65: Single line diagram for FIOWmOore Plant............ccoooeieiieie e 61
Figure 66: Voltage Variation of Transformer-1..........ccccooi oo e 62
Figure 67: Power consumption variation at Transformer-1..........cccoceieeeeieceeiese e 62
Figure 68: Power factor variation profile on Transformer-1 ..o 63
Figure 69: Frequency variation 0N TranSfOrmMEr-1.........ccoooiieireiiene e 63
Figure 70: Variation of THD in current on Transformer-1.........ccccevveveeeesieseeiese e 64
Figure 71: Variation in THD - voltage on Transformer-1 .........ccooeeiiieeeneseeene e 64
Figure 72: Voltage Varialion Profile............oo ettt 64
Figure 73: Power CONSUMPLION VAINTALON.........ccceeiieieceerie sttt ettt sre st ne e 65
Figure 74 POWEr FaCLOr VA BLION.........ccuoiieeieeieee e eeeesie st e et seeseeeeeseeseeeneeseesneeneesaeeeeseesseeneesaeennenes 65
Figure 75: FreqQUENCY VAraliON..........cccciiiiiieie e sttt ete st ee st saeesae e eaaestesreeseessesneensesseensessesseensessessnenns 65
Figure 76: Variation iN THD - CUITENL .........coiiiieeee ettt seesneeeeseeseeeneeseeeneenes 66
Figure 77: Variation in THD - VOITAOE. .......cceiiieee ettt s ee e ene s 66
Figure 78 Transformer 10B0ING .........cceciiiie ettt st e e s re s e e e s reeneenes 67
Figure 79: P & ID diagram for FIOWMOre Plant ............ccooiiieiiiiiiee e 67
Figure 80: Photographs of FIOWMOIE Plant ...........cccceeieiiiicese ettt 68
Figure 81: Plant Layout for Sanjay PalaCe ZPS.............oooiiiee ettt 71
Figure 82 Single line diagram for the Sanjay Palace ZPS.............cccooiiiiineieieeeere e 72
Figure 83: Monthly electricity consumption and electricity bill for Sanjay Palace ZPS........................... 73
Figure 84 VOItage ValialiON .........ccoieeiiieeeee et ee ettt see st teseeeneesaesneeneesseeneeseesseeneesneennenes 74
Figure 85 Power CONSUMPLION VAL ON ..........ccceeiieiieciesie sttt ettt et sreeaesre e 74
Figure 86: Power factor variation Profil............eeeiecieie ittt 75
Figure 87 FreqUENCY VarialiON ...........cceoiiiieereseee st eee et eeeste e seesteeseeseeseeeneesaesneeneesaeeneeseesseensessesneenes 75
Figure 88 Variation Of THD iN CUMTENE ........ccoiiiiee ettt sr et re s 75
Figure 89: Variation in THD - VOITAOE. ........ceiiiieeeeeeee sttt s ene s 76
Figure 90: Voltage Variation profile at Hariparvat SIde iNCOMET ..........ccceevvieeieii e 76
Figure 91: Power consumption variation at Hariparvat Side iNCOMEY ..........cccceeveniveeveseeee e 77
Figure 92: Power Factor variation at Hariparvat SIde inCOMEY .........ccooeiieiiieeiene e 77
AN s H
Smart City AZ”,Q{‘}‘%." [ Eeeneention 3R =R B : E E 5 L

AGRA NAGAR NIGAM



Figure 93: Frequency variation at Hariparvat SdeinNCOMEN .........c.ceeiiieiiereie e 78

Figure 94: Variation in THD - current at Hariparvat Side iNCOMET ..........ccccvveeieeniiiere e 78
Figure 95: Variation in THD - voltage at Hariparvat Side iNCOMEN .........ccoovveeienenieresee e 78
Figure 96: P & ID diagram for Sanjay PalaCe ZPS.............coceii ettt 79
Figure 97: Photographs of Sanjay Palace ZPS — Maithan Side...........ccccceviveeveii e 80
Figure 98: Plant Layout fOr KOMWali ZPS...........cooiiiiiiiereieeeeses e 85
Figure 99: Single line diagram for the Kotwali ZPS.............coccoiiiiiie e 86
Figure 100: Monthly electricity consumption and electricity bill for Kotwali ZPS ..o 87
Figure 101: Voltage Variation at Kotwali LT INCOMEN.........cooiiiiieiiieeere et 88
Figure 102: Power consumption variation at Kotwali LT iNCOMEY ........ccccvvieeiieniiiere e 88
Figure 103: Power factor variation profile al Kotwali LT iNCOMEN .........coviiieieiieieresee e 89
Figure 104 Frequency variation at Kotwali LT INCOMES ........ccciiieieieceese et 89
Figure 105: Variation of THD in current at Kotwali LT INCOMEX ........ooceeiiiieene e 89
Figure 106: Variation in THD - voltage at Kotwali LT INCOMEN ......cccoeeieirieeese e 90
Figure 107: P & ID diagram for KOMWali ZPS..........ccceeciiicecce et 91
Figure 108: Photographs of KOtWall ZPS...........oo et 92
Figure 109: Plant Layout for SUryanagar ZPS.............ccccoeiieieieieeie et see st st 95
Figure 110: Single line diagram for the Suryanagar ZPS............ccccoooe e 96
Figure 111: Monthly electricity consumption and electricity bill for Suryanagar ZPS.............cc.cccceeveneee. 97
Figure 112: Voltage Variation during paralel operation of pumps 1,3,4.......cccccevvveeveieecese e 98
Figure 113: Power consumption during parallel operation of pumps 1,3,4.......ccooereerereeneneseee e 98
Figure 114: Power factor variation during parallel operation of pumps 1,3,4......ccccevvveeveveieeciece e 98
Figure 115: Frequency variation during parallel operation of pumps 1,3,4......cccccovveeveveeceieseee e 99
Figure 116: Variation of THD in current during parallel operation of pumps 1,3,4.........ccoeveiveiniennnnens 99
Figure 117: Variation in THD - voltage during parallel operation of pumps 1,3,4 .....c.cceevevvrvecenrecnnnn, 99
Figure 118: Voltage Variation during parallel operation of puMPS 2,3,4......c.cooveeereneieereneeere e 100
Figure 119: Power consumption during parallel operation of pumps 2,3,4........ccooevvieeeeieneeceneseeene 100
Figure 120: Power factor variation during parallel operation of pumpPS 2,3,4.......cccccvvvvveeveseeieneseenns 100
Figure 121: Frequency variation during parallel operation of pumpS 2,3,4........cocerereeeeneneeeene e 101
Figure 122: Variation of THD in current during parallel operation of pumps 2,3,4.......cccccvveevevvieenns 101
Figure 123: Variation in THD - voltage during parallel operation of pumps 2,3,4 .......cccovovreeceneneeenne 102
Figure 124: Transformer loadingduring parallel operation of pUMPS 2,3,4........cooeieriieereneeere e 102
Figure 125: Transformer loadingduring parallel operation of pumMpPS 1,3,4......ccccoveveieiieeneseeene e 102
Figure 126 P & ID diagram for SUryanagar ZPS..............ccoiieeieiininese e 103
Figure 127: Photographs of SUryanagar ZPS...........cceoiiieiiiiiiese sttt s 104
Figure 128: Plant Layout for Mathura Road ZPS............oooi it 107
Figure 129 Single line diagram for the Mathura Road ZPS..............ccocoiiiiiicieieeeeeeee e 108
Figure 130: Monthly electricity consumption and e ectricity bill for Mathura Road ZPS....................... 109
Figure 131: Voltage Variation Of TransformMer-1.........ccooie et enee 110
Figure 132: Power consumption variation at Transformer-L.........cccceeceevieieevesisieere e 110
Figure 133 Power factor variation profile on Transformer-1L...........coocevieieevenisieese e 111
Figure 134: Frequency variation 0N TranSfOrmMer-1...........cooieieirreeiese e eneen 111
Figure 135: Variation of THD in current on Transformer-1..........ccccooeeveiieecenisieesie e 111
Figure 136: Variation in THD - voltage on Transformer-1 .........cocoveeeeirreerene e see e seeeneens 112
Figure 137: P & ID diagram for MathuraRoad ZPS.............ccooieiiiiieece e 112
Figure 138: Photographs of Mathura Road ZPS.............ccooeiiiieie e 113
Figure 139: Plant Layout for TranS YamuNaZPS ... 117

NNG

S ma I‘t c Et y Aia[ Mission for Re}uwnanml

Urban Transformation

P * &
dh * X
—l “EESL
AGRA NAGAR NIGAM



Figure 140 Single line diagram for the Trans Yamuna ZPS............cccoiiiiiiieieineeeeeeeeeeeee 117

Figure 141: Monthly electricity consumption and electricity bill for Trans Yamuna ZPS...................... 118
Figure 142: Voltage Variation a Trans YamuUNA ZPS...........ccoooeriieriere et seeeneens 119
Figure 143: Power consumption variation at Trans Yamuna ZPS.............ccceccevieeevenenieeseseeee e seenens 119
Figure 144: Power factor variation profileat Trans Yamuna ZPS...........cccocceviveevinesieese e 120
Figure 145: Frequency variation a TranS YamuNaZPS............cccooiriiineneeeeesese e 120
Figure 146: Variation of THD in current a Trans Yamuna ZPS............ccccoeveviiiieeiene e seenens 120
Figure 147: Variation in THD - voltage at Trans YamunaZPS..........ccoooo oo 121
Figure 148: P& ID diagram for TranS YamuNAa ZPS ...........cccoiieirieeene ettt eneens 121
Figure 149: Photographs of TranS YamUNAZPS ...........ccceiiiiieeie e seeteste ettt e e 122
Figure 150 Plant Layout for Lawyers Colony ZPS ... 124
Figure 151 Singleline diagram for the Lawyers Colony ZPS............cccoov e 125
Figure 152: Monthly electricity consumption and electricity bill for Lawyers' Colony ZPS.................. 126
Figure 153: Voltage Variation at Lawyers Colony ZPS..........cooiiiieienieeene e seeeeens 126
Figure 154: Power consumption variation at Lawyers Colony ZPS ..........cccccovvieveienceeve e 127
Figure 155: Power factor variation profile at Lawyers Colony ZPS..........ccccooiieieneneere e 127
Figure 156: Frequency variation at Lawyers Colony ZPS .........cccovieiieieeviesi e seenens 128
Figure 157 Variation of THD in current at Lawyers Colony ZPS...........cccooeiiieevececeese e 128
Figure 158: Variation in THD - voltage at Lawyers Colony ZPS..........cocooiieieinineneseneeeeeeeese 128
Figure 159: P & ID diagram for Lawyers Colony ZPS.........ccooiiiiieie ettt 129
Figure 160: Photographs of Lawyers Colony ZPS...........coooiiiiinneneseeeeeesesre e 130
Figure 161: Plant Layout for Nirbhay Nagar ZPS.............cooviiieie it 133
Figure 162: Single line diagram for the Nirbhay Nagar ZPS.............ccccooii e 134
Figure 163: Voltage Variation at Nirbhay Nagar..........ccoceoiieieie e 135
Figure 164: Power consumption variation at Nirbhay Nagar ...........cccccecvvvieeceiiiieececceece e 135
Figure 165 Power factor variation profile at Nirbhay Nagar ..o 136
Figure 166: Frequency variation at Nirbhay Nagar ..o 136
Figure 167: Variation of THD in current at Nirbhay Nagar ...........ccceceiviieeieiiccece e 137
Figure 168: Variation in THD - voltage at Nirbhay Nagar ..........cocoveeierrneeese et 137
Figure 169: P & ID diagram for Nirbhay Nagar ZPS...........cccceviiiieece et 138
Figure 170: Photographs of Nirbhay Nagar ZPS..............cooiiiiseee e 139
Figure 171: Single line diagram for the Lohamandi ZPS..............cccooriiiiniieicseeeseee e 142
Figure 172: Monthly electricity consumption and e ectricity bill for Lohamandi ZPS.......................... 143
Figure 173: Voltage Variation during ESR filliNg.......c.ccoiiiiiiiiieeeeese e 144
Figure 174: Power consumption variation during ESR filling..........cceceveieeveii e 144
Figure 175: Power factor variation profile during ESR filling .......ccccoceeivieecini e 145
Figure 176: Frequency variation during ESR filliNg ........ccoiiiiiiiiieeeeeeee e 145
Figure 177: Variation of THD in current during ESR filling........ccccooveiiiiieeiiniceeece e 145
Figure 178: Variation in THD - voltage during ESR filliNg .......cccooviriniiereeseeeeeeeeee 146
Figure 179: Voltage Variation profile during direct distribution.............cccceeceviiiienece s 146
Figure 180: Power consumption variation during direct distribution ............cccccoeveveiirceve e 147
Figure 181: Power Factor variation during direct distribution..............coooo oo 147
Figure 182: Frequency variation during direct distribUtion..............ccoceeiieieeiini e 147
Figure 183: Variation in THD - current during direct distribution .............ccocceeieeenenieneereseee e 148
Figure 184: Variation in THD - voltage during direct distribution.............cccceviveevenecceese e 148
Figure 185: Transformer loading during ESR filliNg.........cccvviiieiiiiiece e 149
Figure 186: Transformer loadingduring direct distribUtioN ...........c.oceeeeieiiecireeere e 149

i ko X
eEat
Sn'la rt c;ty Aia[ ‘\'hssinnfnr Re}uwnanml IRT IR RH

Urban Transformation AGRA NAGAR NIGAM



Figure 187: P & ID diagram for Lohamandi ZPS.............ccooiiiiiiieseeeeees e 149

Figure 188: Photographs of Lohamandi ZPS..............cccoi et 150
Figure 189: Plant Layout for Keshavkunj ZPS............ccoo e 154
Figure 190: Single line diagram for the Keshavkunj ZPS............ccooviieii e 155
Figure 191: Monthly electricity consumption and electricity bill for Keshavkunj ZPS.......................... 156
Figure 192: Voltage Variation at Keshavkunj (Bodla) ZPS...........ccooviiiiniiceeeseeeeeeeeeeee 157
Figure 193: Power consumption variation at Keshavkunj (Bodla) ZPS...........cccccevviivevesecceve e 157
Figure 194: Power factor variation profile at Keshavkunj (Bodla) ZPS.............ccccoooiiiineneieienen 158
Figure 195 Frequency variation at Keshavkunj (Bodla) ZPS............ccoooiiiiiicienseseeeeeeeeesee 158
Figure 196: Variation of THD in current at Keshavkunj (Bodla) ZPS............ccccooeveiiiieevesecece e 158
Figure 197: Variation in THD - voltage at Keshavkunj (Bodla) ZPS.............cccooiiinnincncceeeee 159
Figure 198: Variation in THD - voltage at Keshavkunj (Bodla) ZPS............cccccoeieveiiecieie e 159
Figure 199: P & ID diagram for Keshavkunj ZPS............ccoooeiieinneneseseeeeeeese e 160
Figure 200 Photographs of Keshavkun] ZPS.............o e 161
Figure 201: Single line diagram for the Shahganj Phase-1 ZPS..........cccccoieviiicicce e 164
Figure 202: Monthly electricity consumption and electricity bill for Shahganj Phase-1 ZPS................. 165
Figure 203: Voltage Variation at Shahgan] PhaSe-1..........ccccccviieii it 166
Figure 204: Power consumption variation at Shahganj Phase-1..........ccccceceeieviiiecece e 166
Figure 205: Power factor variation profile at Shahgan] Phase-1 ..........ccccoereieiiienineneseseeeeeeesee 167
Figure 206: Frequency variation at Shahgan] Phase-1...........ccccceveiiiieii e 167
Figure 207: Variation of THD in current at Shahgan] PhaSe-1...........cccovieieieinieniene e 167
Figure 208: Variation in THD - voltage at Shahgan] Phase-1 ..........cccccevivieeciiiiieie e 168
Figure 209: P & ID diagram for Shahgan] Phase-1 ZPS .........cccooiiiiieie et 169
Figure 210: Photographs of Shahgan] Phase-1 ZPS ... 170
Figure 211 Plant Layout for Shahgan] Phase-2 ZPS............coiei e 174
Figure 212: Single line diagram for the Shahgan] Phase-2 ZPS............cccoeieiiinneeeeeeees 175
Figure 213: Monthly electricity consumption and electricity bill for Shahganj Phase-2 ZPS................. 176
Figure 214 Voltage Variation at Shahgan] PhaSe-2...........cccociiieii i 177
Figure 215: Power consumption variation at Shahgan] Phase-2............cccoeieieiiinineneneneeeeesee 177
Figure 216: Power factor variation profile at Shahgan] Phase-2 .........ccccvveeceviciccece e 177
Figure 217: Frequency variation at Shahgan] Phase-2.............ccooeininineneeeeees e 178
Figure 218: Variation of THD in current at Shahgan] PhaSe-2.............ccovvireieinienne e 178
Figure 219: Variation in THD - voltage at Shahgan] Phase-2..........ccccceviv e 178
Figure 220: Transformer [OB0ING ........coverrieeeere ettt sttt e et s se e eestesneeseesreeneeseesaeennens 179
Figure 221: P & ID diagram for Shahgan] Phase-2 ZPS ... 179
Figure 222: Photographs of Shahgan] Phase-2 ZPS ...t e 180
Figure 223: Plant Layout for Kedar Nagar ZPS.............coooiiiiiiiiee e 184
Figure 224: Single line diagram for the Kedar Nagar ZPS.............ccooeie e 185
Figure 225: Monthly electricity consumption and electricity bill for Kedar Nagar ZPS......................... 186
Figure 226: Voltage Variation at Kedar Nagar ZPS...........cooov it 186
Figure 227: Power consumption variation at Kedar Nagar ZPS............ccccoeveiivieevene e 187
Figure 228: Power factor variation profile at Kedar Nagar ZPS ..........cccoo oo 187
Figure 229: Frequency variation at Kedar Nagar ZPS...........ccccoviiiiieie it 188
Figure 230: Variation of THD in current at Kedar Nagar ZPS............ccooiieiiniieeeeereee e 188
Figure 231: Variation in THD - voltage at Kedar Nagar ZPS...........ccccooieieeveiicieeececeese e 188
Figure 232 P & ID diagram for Kedar Nagar ZPS............cccoiiieiiieneese ettt sre e 189
Figure 233 Photographs of Kedar Nagar ZPS ... e 190
Smart City Atal ‘\'hssinn fnrree,ummm, HORT = T : E E 5 L

Urban Transformation AGRA NAGAR NIGAM



Figure 234 Plant Layout for Tagan] ZPS.........ccoiiiiie e 193

Figure 235 Singleline diagram for the Tajgan] ZPS.........ccoov oot 193
Figure 236: Monthly electricity consumption and electricity bill for Tajganj ZPS............ccccoeeeinennne 194
Figure 237: Voltage Variation at Taigan] ZPS ........cccooi ittt e et 195
Figure 238: Power consumption variation at Tajgan] ZPS........c.ccceviveie e 195
Figure 239: Power factor variation profile at Tajgan] ZPS..........coov oo 196
Figure 240: Frequency variation at Taigan] ZPS.........ccoieie ittt e 196
Figure 241: Variation of THD incurrent a Tajgan] ZPS........ccooiiiiiiiieeeees e 196
Figure 242: Variation in THD - voltage at Tgjgan] ZPS..........cccooiieeeieeeeene e 197
Figure 243: Transformer loadingat Tagan] ZPS.........ccoceeiiiiiieie et 197
Figure 244: P & ID diagram for Tajgan] ZPS............ccoiiiiiriereeieesese e 198
Figure 245: Photographs of Tagan] ZPS..........coe ittt enne 199
Figure 246: Plant Layout for RakalDgan] ZPS.............cco e 201
Figure 247: Single line diagram for the Rakabgan] ZPS............ccoo e 202
Figure 248: Monthly el ectricity consumption and electricity bill for Rakabganj ZPS.............ccccooeeee. 203
Figure 249: Voltage Variation at RaKahgan] ..........ccoeririeieieiere et eee 203
Figure 250: Power consumption variation at Rakabgan] ...........cevvvereeiesieeiiesc e 204
Figure 251: Power factor variation profile at Rakabgan] ...........cevvvereeieiieeiiese e 204
Figure 252: Frequency variation at RaKabhgan] .........cccoovriereiiiiere e 205
Figure 253: Variation of THD in current at Rakabgan] ..........ccccveveieiieie e 205
Figure 254: Variation in THD - voltage at Rakalgan] ..........cocvieerrieeere e 205
Figure 255: Transformer loadingat Rakalgan] ...........coovieeiieiiiieie et 206
Figure 256: P & ID diagram for RaKabgan] ..........cceecueriiieiieie et s 206
Figure 257: Photographs of Rakalgan] ZPS...........c.ooiiie e 207
Figure 258: Plant Layout for Navliakha ZPS.............cccoi ettt 210
Figure 259 Single line diagram for the Navlakha ZPS............ccooiiieeeeee e 211
Figure 260: Monthly electricity consumption and electricity bill for NavlakhaZPS...............cccccvenee. 212
Figure 261: Voltage Variation at Navlakha ZPS............ccoooiiiiiiie ettt e 213
Figure 262: Power consumption variation at Navliakha ZPS................ccoiiiiiiiiinneeeeeeeee 213
Figure 263: Power factor variation profile at Navliakha ZPS.............ccccoovvieeiiiicieece e 214
Figure 264: Frequency variation at NavlakKha ZPS............ccoooiiiieeees e 214
Figure 265: Variation of THD in current at NavlakhaZPS............ccccoiiiiiiiiceeeeee 214
Figure 266: Variation in THD - voltage at Navlakha ZPS..............coooieie e 215
Figure 267: Transformer loadingat Navliakha ZPS.............c.oooiiiiineeeee e 215
Figure 268 P & ID diagram for Navlakha ZPS..............cceiiiiiieic ettt 216
Figure 269 Photographs of Navliakha ZPS..............cccoeiiiiiiiiiceese et 217
Figure 270: Plant Layout for Chhipitola BOOSLEY ...........coeeiiieiere e 220
Figure 271: Single line diagram for the Chhipitola BOOSLEY .........c.cceeeeiiiiciece e 220
Figure 272: Monthly electricity consumption and electricity bill for Chhipitola Booster ....................... 221
Figure 273: Voltage Variation during operation of pUMP-L.........ccccceeieiieiieecesi e 222
Figure 274: Power consumption variation during operation of pump-L........cccccoevveviieiveveseeiese e 223
Figure 275: Power factor variation profile during operation of pump-L.........ccccoeoeririnieneneecene e 223
Figure 276: Frequency variation during operation of PUMP-L..........cccceieiieeiienisieere e 223
Figure 277: Variation of THD in current during operation of pumMP-L.........cccooieierineniennneeee e 224
Figure 278: Variation in THD - voltage during operation of pump-1 ........ccccceeiveevenenceese e 224
Figure 279: Voltage Variation during operation of PUMP-2........cccccveieieiieeieesi e 225
Figure 280: Power consumption variation during operation of pUMP-2.........cccceeeerereneeneneeee e 225

i ko X
eEat
Sn'la rt c;ty Aia[ ‘\'hssinnfnr Re}uwnanml IRT IR RH

Urban Transformation AGRA NAGAR NIGAM



Figure 281: Power factor variation profile during operation of PUMP-2.........cceoeeriireneneneseeeeseses 225

Figure 282: Frequency variation during operation of PUMP-2..........ccccueiieieeienineeirese e 225
Figure 283 Variation of THD in current during Operation of PUMP-2.........cceeveeeeerieneneseneeseeeeesesnees 226
Figure 284 Variation in THD - voltage during operation of pump-2..........ccccceviiieienicieese e 226
Figure 285: P & ID diagram for ChhipitolabOOSLES..........cceceiieiececeece e 227
Figure 286: Photographs of ChhipitolaDOOSES ...........coiiiiirieieeeces e 228
Figure 287: Plant Layout for Red FOrt BOOSES .........c.ccviieiieieiiec ettt 230
Figure 288: Single line diagram for the Red FOrt BOOSLEY ..........ccooiiirininesiceeeesese e 231
Figure 289: Monthly electricity consumption and electricity bill for Red Fort Booster ...........cccccvvennee. 231
Figure 290 P & ID diagram for Red FOrt DOOSIEN ........c.coeeieiiiiee ettt e 232
Figure 291: Photographs of Red FOrt DOOSLEN ............ccoiiiiiiieieeceere e 233
Figure 292 Schematic of business model of the Project ..........cccevvieieecie e 275

NNG

S mart c it y Aml Mission for Re}uwnanml

Urban Transformation

P * * *

i *

— *EESTL
AGRA NAGAR NIGAM



ANN
AMRUT
APFC
ATS
BEP
BPS
CEA
DRA
DSM
DVVNL
EC

EE
EEM
EEPS
EESL
FY

HT
HSC
IGEA
kVA
kw
kwh
LED
LT
MEEP
MoUD
MoU
OHT
O&M
PF

PS
PWW& SS
RPM
R&M
ROE
SEC
SHPSC
SLTC
SPS
STP
TOE
uLB
UM
VFD
WTP
ZPS

Smart City

ABBREVIATIONS

AgraNagar Nigam

Atal Mission Rejuvenation and Urban Transformation
Automatic Power Factor Control
Autotransformer starter

Best Efficiency Point

Booster Pumping Stations

Certified Energy Auditor

DRA Consultants Limited

Demand Side Management
Dakshinanchal Vidyut Vitaran Nigam Limited
Energy Conservation

Energy Efficiency

Energy Efficiency Measure

Energy Efficient Pump Set

Energy Efficiency Services Limited
Financial Y ear

High Tension

Horizontal Split Casing

Investment Grade Energy Audit

Kilo Volt Ampere

Kilowatt

kilowatt Hour

Light Emitting Diode

Low Tension

Municipal Energy Efficiency Programme
Ministry of Urban Development
Memorandum of Understanding

Over Head Tank

Operation and Maintenance

Power Factor

Pumping Station

Public Water Works & Sewerage Systems
Rotations Per Minute

Repair & Maintenance

Return on Equity

Specific Energy Consumption

State level High Powered Steering Committee
State Level Technical Committee
Sewerage Pumping Station

Sewerage Treatment Plant

Tonne of oil equivalent

Urban Local Body

Under Maintenance

Variable Frequency Drive

Water Treatment Plant

Zona Pumping Station

3R IR

NN

Atal Mission for Rejuvenation
and Urban Transformation

AGRA NAGAR NIGAM

****
*EESL



Page |1

1 Introduction
1.1 Background of the Project

The Atal Mission for Rgjuvenation and Urban Transformation (AMRUT) was launched by Prime Minister
of India in June 2015 with the objective of providing basic services (e.g. water supply, sewerage, urban
transport) to households and build amenitiesin cities which will improve the quality of lifefor all.

To facilitate market transformation and replicate Municipa Energy Efficiency Programme on alarge scale
in India, MoUD, Government of India signed a MoU with Energy Efficiency Services Limited (EESL), a
joint venture under Ministry of Power, Government of Indiaon 28" September, 2016 under AMRUT. This
will enable replacement of inefficient pumpsets in Public Water Works & Sewerage Water Systems with
energy efficient pumpsets at no upfront cost to the Municipal Bodies. The investment will be recovered in
form of fixed annuity.

Energy audit and optimizing energy consumption are mandatory reforms under AMRUT. EESL
“Department of Urban Development, Government of Uttar Pradesh” havejointly entered into an agreement
on 9" February, 2017 in order to provide an overarching framework to facilitate engagement between state
government and various ULBs (covered under AMRUT) of Uttar Pradesh. Under this agreement, EESL is
undertaking the project to replace old inefficient pumpsets by energy efficient pumpsets in Agra City of
Uttar Pradesh.
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According to MoUD, energy auditsfor improving energy use is one of the mandated reforms under the
AMRUT and this initiative would help the cities significantly. “This will substantialy reduce costs of
operation of water supply schemes and public lighting that will ultimately benefit the citizens. EESL willbe
promotinguse of energy efficiency programmes across the country and will ensure supply of latest
technol ogiesunder these municipal programmes’.

Energy cost accounts for 40 to 60 % of cost only for water supply in urban areas and energy efficiency
interventions can reduce this cost by 20 to 40 %, depending on the type and age of pumpsetsbeing used for
bulk water supply. By becoming energy efficient, ULBs can reap annually up to 4,800 MU and Rs.3,200
Crores besides avoiding the need for 3,300 MW of power.

Necessary interventions would be undertaken by EESL without any financial burden on ULB as cost of
the proposed Municipal Energy Efficiency Programmes would be borne out of annuity. MoU states that
performance contracting offers amechanism for ULB to finance these projects without upfront investment.

AspertheMoU, EESL will develop overall strategy for taking up energy efficiency projectsin urban areas
by implementation of energy efficient pumpsets in public water works and sewage systems.

EESL will provide or arrange project funding for implementation as required and will procure energy
efficient equipment and material sin atransparent manner besides ensuring repair and mai ntenance services
for the goods replaced and installed by it.EESL isin the process of implementing energy efficient pumps
for 500 cities under AMRUT scheme of Government of India. After the agreement between “ Department
of Urban Devel opment, Government of Uttar Pradesh” and EESL was signed successfully on 09" February
2017, EESL initiated an open tendering process for hiring Energy Auditing Agency through competitive
bidding. Based on the bidding evaluation, M/s DRA Consultants Ltd. (DRA) was selected for doing the
energy audit for Agra city.EESL has engaged DRA for preparation of (IGEA) reports for Public Water
Works and Sewerage Systems (PWW& SS) with an objective to replace inefficient pump sets with efficient
ones vide its work order Ref:.. EESL/06/2016-17/Energy Audit/Uttar Pradesh/01-61/LOA-
1617379/10258 dated 28" March 2017.

1.2 Stakeholders Involved

There are many stakeholdersinvolved in AMRUT. Their roles and responsibilities are already defined by
the MoUD and other technical committee. Generally, the MoUD, EESL and ULB have mgjor role to
execute under AMRUT.

MoUD: The MoUD committee may co-opt any representative from any Government Department or
organization as Member or invite any expert to participatein its deliberations. Key roles of MoUD include:

i. Allocation and release of funds to the States’UTs/Mission Directorate.

ii.  Overall monitoring and supervision of the Mission.

iii.  Advise to the State/UT/implementing agencies on innovative ways for resource mobilization,
private financing and land leveraging.

iv.  Confirm appointment of organizations, institutions or agencies for third party monitoring.

Department of Urban Development: “Department of Urban Development, Government of Uttar
Pradesh” was setup to ensure the proper implementation and monitoring of the centraly assisted
programme. DUD provides technical support to districts/towns to achieve their targets and aso help in
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monitoring the state training plan. They also provide guidance and supervise the programme
implementation through visits to the project sites.

UL B: At the City level, the ULB will be responsible for implementation of the Mission. The Municipal
Commissioner will ensure timely preparation of all the required documents. The ULBs will ensure city
level approvals of IGEA and bid documents and forward these to the State level Technical Committee
(SLTC)/ State level High Powered Steering committee (SHPSC) for approvals. The ULB will aso be
responsible for building coordination and collaboration among stakeholders for timely completion of
projects without escalation of project cost.

SLTC: SLTC may co-opt member(s) from other State Government Departments/Government
organizations and may also invite expertsin thefield to participate in its deliberations.

EESL: Ministry of Power has set up Energy Efficiency ServicesLimited (EESL), aJoint Ventureof NTPC
Limited, PFC, REC and POWERGRID to facilitate implementation of energy efficiency projects. It will
promote energy efficiency programmes across the country and will ensure supply of energy efficient
equipment under this municipal programme. Necessary interventions would be undertaken by EESL
without any financial burden on ULBs as cost of the proposed Municipal Energy Efficiency Programmes
would be borne out of annuity payments. EESL has been doing various Energy Efficient Programmes, list
of sameis provided below:

Domestic Appliances Programme (LED Bulbs, LED Tube lights, Fans, etc.)
Street Lighting National Programme

Agricultural Demand Side Management

Municipal Energy Efficiency Programme

Atal JyotiY ojana(Solar LED Street Lights)

aprwDdPE

Energy Auditing Agency - DRA: EESL has engagedDRA for preparation of IGEA reports for public
water works in Agra, Uttar Pradeshwith an objective to replace inefficient pump sets with energy efficient
ones. DRA had conducted energy audit activity at Agraand had made IGEA with financial projectionsfor
AgraULB.

Pump Suppliersand M anufacturers: EESL has selectively taken on-board range of pump manufacturers
and enquired with themregarding the necessary specifications of the products which can be used in line
with the defined criteria according to EESL. All these manufacturers are rated manufacturers and comply
with the quality and standards of their products.

1.3 Objective of the IGEA

Energy costs account for 40 to 60% of cost for water supply in urban areas and energy efficiency
interventions can reduce this cost by 20 to 40 %, depending on the type and age of pumpsets being used
for Public Water Works and Sewerage Systems (PWW& SS). The MoUD with support from EESL has
designed framework project for Energy Efficiency in cities of Indiawhile giving priority to AMRUT and
smart cities. The objective of this project and IGEA report isto provide maximum information for creating
baseline and analysis of current energy and utilization of Public water works systems.

Thisproject isto be co-implemented by EESL and the objectives of this project are as under:
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To create increased demand for EE investments by adopting a ULB approach to facilitate the
development of customized EE products and financing solutionsin ULB.

To raise the quality of EE investment proposals from atechnical and commercia perspective.

To expand the use of existing guarantees mechanisms for better risk management by EESL to
catalyze additional commercial finance for energy efficiency.

To establish amonitoring and eval uation system for the targeted ULB.

Scope of Work of Detailed Energy Audit

The general scope of work for detailed energy audits under IGEA as per Schedule ‘A’ isasfollows:

S ma I‘t c Et y Aia[ Mission for Re}uwnanml

Discussion with Key personnel and Site visits of the facility
o Initial discussions with Key personnel such as Commissioner, Chief Officer,
Electrical/Mechanical engineer and pump operators to explain the objectives of the
project,benefits of energy efficiency, and the approach that will be followed in Energy
Audit.
0 Purpose of these discussion will be to ensure that key personnel of ULB have adequate
understanding of the project.
o Visiting al the facilities within the scope of project by identified agency to ascertain the
availability of data and system complexity.
o Identified agency will formulate a data collection strategy.
Data Collection
0 Current energy usage (month wise) for al forms of energy for thelast three years (quantity
and cost)
0 Mapping of process
0 ULB and pumping station profileincluding name of station, yearsin operation, total water
guantity pumped in last three years
0 List of mgor pumping equipment and specifications
Anaysis

0 Energy cost and trend analysis

0 Energy quantities and trend analysis

0 Specific consumption and trend analysis

0 Pumping costs trend analysis

0 Scopeand potential for improvement in energy efficiency

Detailed process mapping to identify major areas of energy use
Toidentify al areasfor energy saving (with or without investment) in the following areas:
o0 Electrica: Power factor management, transformer loading, power quality tests, motor load
studies, lighting load, electrical metering, monitoring and control system
0 Water usage and pumping efficiencies (including water receipt, storage, distribution,
utilization, etc.), pump specifications, break down maintenance
Classify parameters related to EE Enhancements such as estimated quantum of energy saving,
investment required, time frame for implementation, payback period and to classify the samein
order of priority
Undertake detailed financial anaysis of the investments required for EE enhancements
Design “Energy Monitoring System” for effective monitoring and analysis of energy consumption,
energy efficiency.

NNG

P * *
& * *
S *EESTL
AGRA NAGAR NIGAM

Urban Transformation



o Correlate monthly pumping quantity data with electricity consumption for a period of last three
years of normal operation for individual sections of the overall pumping station

¢ Recommend atime bound action plan for implementation

e Thebroad content of the IGEA report should be as follows:

0 Executive summary: Provides brief description of the facilities covered, measures
evaluated, analysis methodology, results and a summary table presenting the cost and
savings estimates for each recommended measure. It also includes a summary of the
recommended measures and costs as well as the financial indicators of the Project.

0 Background: Background about the ULB and the project.

o Facility Description: Details of the existing facilities targeted, such aswater treatment &
supply systems, sewage treatment and handling systems.

o0 Energy Scenario: Energy consumption details of all facilities included in the audit and
their energy sources.

0 Basdine parameters and Adjustments. Methodology followed in establishing the
baseline parameters and criteria.

o Data Collection: List the various types of data collected and their sources.

0 System mapping: Describe the methodology followed for system mapping and include
the maps and process flow diagramsin the report.

0 List of Potential EEMs: A list of al identified measures with estimates of the savings
and payback periods on investments, and a summary of the selected EEMs chosen for
further development.

1.4 Methodology adopted for Energy Audit

A detailed energy audit was conducted at all the pumping stations falling under Agra Nagar Nigamfrom
1% to 28" May 2017. The energy audit team of DRA comprised of BEE certified energy
auditors/managersand pump experts. During the field visit, adequatenumber of portable energy audit
instruments were used to carry out measurements of pumpsets efficiency parameters. In addition to this,
design and operational data was collected from logbooks, equipment manuals and pump manufacturers.
Discussions were held with various technical and operating staffs of the UL Bto understand the system and
pumpsets operations and requirements completely. The energy audit study mainly focused on the
evaluation of operationa efficiency/performance of the pumpsets already installed in the premise from the
energy conservation point of view.

The methodology planned for accomplishing the above scope of work was divided into three phases as
detailed below:

Phase 1: Inception

e Conduct kick-off meeting

o Pilot vidit to a few sites to ascertain the availability of data, measurements points and system
complexity

o Discussed and finalized the methodol ogy for data collection as per job card.

Phase 2: Detailed ener gy audit

¢ Initial meeting with concerned staff of ULBat each site to brief them regarding the project
e Walk-through of the site along with pumping station/site personnel to understand the site

conditions and equipment involved
*
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e Assessment of data availability (historical dataltechnical data sheets of maor
equipment/maintenance practices/cost details/electricity bills, etc.) and placing request for
required data

e Finalization of measurement points and support required from ULB staff

e Conducting measurements and data collectionwith support from UL Bstaff

0 Energy auditing instruments used during project are listed below:
»  Power anayser: For eectrical parameters(V, A, kW, kVA, kWh, kVAh, PF, Hz
and THD)
= Ultrasonic flow meter: For water flow measurement
= Ultrasonic thickness gauge: For pipeline thickness measurement
= Digital pressure gauges: For suction and discharge pressure measurement
= Lux meter: For lighting intensity measurement
o Filling& signing of job cards
o Pardld activities of noting observations on the following:
= SLD (Site Layout Diagram) & PID
= Operation & Maintenance practices
* |nstrumentation in place and
= Existing practices to monitor energy consumption.

Phase 3: Analysisand | GEA report preparation

e Compilation and analysis of data collected from site

e Performance assessment of the equipment

e Conceptualization and development of energy cost reduction projects

o Cost benefit analysis

o Review of adequacy of instrumentation for energy efficiency monitoring and
e Submission of IGEA report to ULB/ SLTC for approval.
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2 Interaction with Facilities/ Key Personnel

The energy auditing team interacted for work proceeding and reporting with stakeholders for efficient
information exchange. The kick-off meeting was held at Agra Ja Sansthan, General Manager’s Office,
near Water Works Chouraha, Jeoni Mandi, Agra, on 3rd April, 2017 for discussing the data/information
required, methodol ogy to be followed and support required from the ULB.The ULB appointed its staff to
provide support and information during energy audit. DRA has provided day wise reporting to appointed
staff of ULB regarding work status. Based on the work experience with ULB, inception report was
submitted to EESL.

During the kick-off meeting and pre-site visit on 3rd April, 2017 following points were discussed:

e Support from the ULB will be given to the DRA team for conducting energy audit

e Energy audit will be conducted by DRA team in presence of EESL personnel and nodal official of
ULB.

o Observations will be discussed with the appointed official of ULB and EESL

¢ DRA can communicate with ULB official regarding scheduling of sites for audit

e  Support will be provided by ULB to obtain various data to create baseline of energy consumption,
quantity of water pumped, etc.

e Theletter of site activity conducted should be collected by DRA after finishing the site work

o DRA will regularly report the ULB officia by informing the status of work and work schedule

o Thesitework completion letter should contain theinformation of pumps measured and those under
mai ntenance

e DRA will report the status of work on adaily basis to project-coordinator of EESL

e DRA will submit thejob card to EESL after completion of site work

e Signature of authorized personnel should be obtained on the job card in case of non-availability of
data

EESL aso appointed theirstaff to monitor audit works and to provide support and guidance for better
quality of work flow. The appointed staff from EESL have been trained for the information exchange and
toprovide maximum support for the site to be ready for energy audit. The appointed staff of EESL held
periodicdiscussionwith DRA team members regarding the observation of energy audit and feasibility of
EE projects at ULB.

2.1 Interaction with Pump Manufacturers

Some of the reputed pump manufacturers were selectively contacted regarding the costing and feasibility
of different pumpsets. The discussion with pumpset manufacturers included the following points:

e Technica Feasbility of the suggested energy efficiency measures were discussed with the
vendors.

e Commercia terms of EEM such as cost of equipment, auxiliary systems, and installation cost
etc.were discussed with the vendors for ng financial viability of EEM.
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3 Project area and Facility description

3.1 General information about the city

Agra formerly known as Akbarabad is a city on the banks of the river Yamuna in the Northern state of
Uttar Pradesh, India, 363 km west of state capital, Lucknow and 200 km south from national capital New
Delhi. The modern city of Agra was founded in the 16th century by Sikandar Lodhi, who was a king of
the Lodhi dynasty. It is one of the most populous cities in Uttar Pradesh and the 19" most populous in
India. Agradistrict population grew by 21% in the decade 2001-11 and 31% in the decade 1991-2001. On
the basis of landmass, Agra is the third largest city in the state of Uttar Pradesh. Agrais famous for its
Historical monumentslike Tgj Mahal, AgraFort, Sikandra, Fatehpur Sikri, etc. Asper the previous Census,
the population of Agracity isprovidedinthetable 1.

Table 1: Population of Agra city*

Census Year Population (Nos.)

2001 1,275,134
2011 1,585,704

3.2 Accessibility to city from Metro cities & State capital
Rail

Agra Cantonment and Agra Fort are two major railway stations in Agra. Agrais located around 200 km
south of Delhi and is on the south-bound railway line from Delhi, as aresult of which it is well-connected
to Delhi and other metro cities such as Mumbai, Chennai, Bengal uru and Hyderabad. An east-west railway
line through Agra Fort station provides connectivity to Jaipur.

Road

Agra is well connected by road to national capital New Delhi and other nearby major cities in Uttar
Pradesh, aswell asto Jaipur and other nearby districts in Rajasthan.

Air

AgraAirport (Kheria Airport) is about 12.5 km from city center.

! Source https /lwww.citypopul ation.de/php/india- uttarprad&sh php?adm2id=0915
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3.3 Pumping Stations in the Agra city

Agra is located on the banks of the Yamuna River. Water for Agra is drawn from Yamuna River at

following locations:

e Jeoni Mandi
e Skandara

There are 4 Water treatment plants which supply treated water to Agracity. Thereare 3 noswater treatment
plant of 90 MLD, 20 MLD & 10 MLD capacities at Jeoni Mandi and 1 nos water treatment plant of 144
MLD at Skandara. Clear water from Water Treatment Plants is distributed through different Water
Distribution Zonal Pumping Stations divided among three zones.

It Water Works
(Jeoni Mandi)

|

Y

|

|

|

|

Trans L
VemaE Tajganj Rakabizan] Kotwali Naulakha Red Fort Chhipitola
ZP
Phase-1l ZPS > 28 Zps zps Booster Booster
lInd Water Works
(Sikandara)
\d v l l l l l l v v
Lohamandi | | Shahaganj-l | | Shahaganj-ll | | KedarNagar BodlazPs Mathura Lawyer's Surya Sanjay Nirbhay
ZPS ZPS ZPS ZPS Road ZPS Colony ZPS Nagar ZPS Place ZPS Nagar ZPS

Figure 1 Water distribution system in Agra

The details of the water pumping stations are provided in the table below.

Table 2: Details of pumping stations

Name& Type of the
. Capacity facility (Raw Source of Distribution/
Location of :
UMb house (MLD) water/ water Delivery area
pump WTP/Booster)
1 Old Intake 225 MLD . Raw water River Jeoni Mandi WTP
Well (From Jeoni
New Intak Mandi Water
2 ew ‘niake Treatment Raw water River Jeoni Mandi WTP
Well
Plant)
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Name& Capacity facility (Raw Source of Distribution/
Location of .
ump house (MLD) water/ water Delivery area
pump WTP/Booster)
New Jal
3 Nigam Intake Raw water River Jeoni Mandi WTP
Well
HT Plant Jeoni Mandi
4 (Golkamra) WP WTP ZPS
Synchronous Jeoni Mandi
5 Plant wTP WTP ZPS
Jeoni Mandi
6 8 VT Plant WTP WTP ZPS
Flowmore Jeoni Mandi
7 plant WTP WTP ZPS, ESR
Hariparvat
Sanjay Place , Rectangular, Mandi
8 7PS 6.9 ML Booster Sikandra WTP Syed Khan, Sanjay
Place market
. Jeoni Mandi Distribution, Moti
9 Kotwali ZPS 3.15ML Booster WTP Katra ESR
10 Surygpl\éagar 3.49 ML Booster Sikandra WTP Direct distribution
11 Math;r;lSRoad 3.63ML Booster Sikandra WTP Direct distribution
Trans Jeoni Mandi
12 yamuna 0.8ML Booster WTP Trans Yamuna
Lawver's Lawyers' Colony
13 WYy 1.03ML Booster Sikandra WTP ESR, Dayalbagh
Colony ZPS
ESR
14 Nirbhay 0.4ML Booster Sikandra WTP | Nirbhay nagar ESR
Nagar ZPS '
Lohamandi . Lohamandi ESR,
15 7PS 5.73ML Booster Sikandra WTP direct distribution
Keshavkunj
16 ZPS (Bodla 3.8ML Booster Sikandra WTP Keshavkunj ESR
ZPS)
Shahaani Subhash Park
17 gan, 8.5ML Booster Sikandra WTP | ESR, Rui ki Mandi,
Phase-1 ZPS . .
Police Lines
18 Shahgan 4.54ML Booster Sikandra WTP Direct distribution
Phase-2
S, A
& &
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Name& Capacity facility (Raw Source of Distribution/
Location of :
umb house (MLD) water/ water Delivery area
pump WTP/Booster)
19 | KedarNagar | 0.605ML Booster Sikandra WTP Kedar
' Nagar/Shahganj-Ili
S Jeoni Mandi . e
20 Tajganj ZPS 3.55ML Booster WTP Direct distribution
Rakabganj Jeoni Mandi Rakabganj
21 7PS 5.05ML Booster WTP E‘SR(dlrgct
distribution
Jeoni Mandi . T
22 Navlakha ZPS 7.95ML Booster WTP Direct distribution
Chbhipitola Jeoni Mandi -
23 Booster 1.5ML Booster WTP Chhipitola ESR
Red Fort Jeoni Mandi . T
24 Booster Booster WTP Direct distribution

3.4 Historical Energy Consumption Data

Historical data about water pumped and energy consumption of Agra Nagar Nigam is provided below:

Table 3: Historical water pumped and ener gy consumption data for last threeyears

Water flow
(KL /Annum)

Energy consumption
(kWh/Annum)

Specific
consumption

Description energy

(KWh/KL)

Apr-2014 to Mar-2015 Not available 15,087,926 Not available
Apr-2015 to Mar-2016 Not available 15,295,692 Not available
Apr-2016 to Mar-2017 Not available 14,655,697 Not available

3.5 Power Failure Data
The power failure data was not available with ULB.

Table4: Historical power failure data

Description Power failure in Hours

March -16 Not available
April -16 Not available
May -16 Not available
June — 16 Not available
July -16 Not available
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Description Power failure in Hours

August — 16 Not available
September — 16 Not available
October — 16 Not available
November — 16 Not available
December -16 Not available
January -17 Not available
February -17 Not available
Average Not available
Total Not available

3.6 Rainfall and Climate data

Rainfall and climate data of Agrais provided in table 5.

Table5: Rainfall and Climate data of Agra City?

Mar ‘ Apr ‘ \E\Y ‘ Jun ‘

Max Temp (°C) 27 31 37 42 45 44 38 35 37 38 33 29
Avg. Temp (°C) 22 25 32 38 41 41 35 32 34 33 28 23
Min Temp (°C) 14 16 23 30 34 34 30 37 28 26 21 16
Avg. Rain (mm) 0 0.4 142 | 04 | 173 50.92 381.31 | 337.41 30.18 0.4 0 0
Avg. rainy days 0 2 7 2 15 10 29 28 15 1 0 0

3.7 GroundWater Profile

In present scenario, complete water demand of Agracity is being met through water of YamunaRiver and
ULB isnot using ground as a source of water. Dataregarding net ground water availability of Agradistrict
and alocation of different usersis provided in table 6.

Table 6: Ground Water Profile?

Assessment Net Annual Existing Existing Gross Existing Allocation for Net Ground
Unit/ Ground Gross Ground Water Gross domestic, and Water
District Water Ground Draft for Ground Water industrial Availability for

Availability ~ Water Draft domestic and Draft for All requirement future
(GENW) for irrigation industrial water uses (ham) supply up to next irrigation

(ham) supply (ha m) 25 years (ha m) development

(ha m)

5191.97

Agra 82214.01 87857.93 5693.02 93550.95 9316.51

2https://www.worldweatheronline.com/agra-weather-averages/uttar-pradesh/in.aspx
3Groundwater Y ear Book 2015-16 for Uttar Pradesh by Central Ground Water Board (CGWB)
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3.8 Reservoir Levels at Different Seasons
The data regarding the water level of the reservoir for different seasons was not available with ULB

Table 7: Reservoir levels at different seasons*

Different seasons Reservoir level

Summer Not available
Winter Not available
Monsoon Not available

3.9 Water Cost Estimation

During energy audit, data regarding various operation and maintenance expenses borne by ULB was
collected for estimating water cost. Details of expenditure by ULB during last year and estimated water
cost isprovided in the table 8.

Table8: Water cost estimation

Particular Units Values
Energy Cost (Electricity) Rs. Lakhs 1,673
Repair & maintenance Rs. Lakhs 29.39
Operation (man power & raw materials) Rs. Lakhs 161.44
Miscellaneous cost (Cost of major replacement) Rs. Lakhs 430.55
Total Cost Rs. Lakhs 2,293.95
Annual water pumped to city (estimated) kL 82,853,541
Water cost Rs./kL 2.77

“http://www.cgwrd.in/r-data/cat_view/1-reservoir-data/28-archive-2015.html
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4 Pumping Stations Performance Evaluation

Agra gets drinking water supply from Yamuna River.Water is lifted at raw water pump stations and
supplied to Jeoni Mandi and Sikandra WTPs. Treated water is then further supplied to pumping stations
divided into three different zones, from whereit is pumped directly into distribution or into overhead tanks.
Details of pumping stations, layout and results of performance assessment are provided in subsequent
sections of this chapter.

4.1 Connected load at pumping stations

Details of connected load of pumping stationsareas given below:

Table 9: Connected load detailsfor pumping stations

Location |§§g rj(:)(ﬁfndp C:J‘;ﬁgtrfgsl?f@)_ cor-1r r?(teilted
motors (kW) load (kW)

1 Old Intake Well 428 0.52 428.52
2 New Intake Well 515 0.38 515.38
3 New Jal Nigam Intake Well 396 0.74 396.74
4 Golkamra HT plant 980 980
5 Synchronous Plant 335 0.04 335.04
6 Flowmore Plant 768 0.695 768.695
7 8 VT Plant 1476 0.845 1476.845
8 Sanjay Place 590 2.046 592.046
9 Kotwali ZPS 102.5 0.905 103.405
10 Surya Nagar ZPS 227 4.333 231.333
11 Mathura Road ZPS 186 1.7 187.7
12 Trans Yamuna ZPS 54 54
13 Lawyer's Colony ZPS 148 0.36 148.36
14 Nirbhay Nagar ZPS 52 0.558 52.558
15 Lohamandi ZPS 337 0.5 337.5
16 | Keshavkunj ZPS (Bodla ZPS) 221 0.395 221.395
17 Shahganj Phase-1 ZPS 409 0.917 409.917
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Connected Connected load — Total

Location load - pump e connected
motors (kw)  Auxiliaries (kW) 0 kw)
18 Shahganj Phase-2 299 0.255 299.255
19 Kedar Nagar 90 1.165 91.165
20 Tajganj ZPS 312 0.3 312.3
21 Rakabganj ZPS 337 0.228 337.228
22 Navlakha ZPS 395 1.038 396.038
23 Chbhipitola Booster 35 0.14 35.14
24 Red Fort Booster 7.5 0.1 7.6
Total 5278 15.78 5293.78

4.2 O0ld Intake Well, Jeoni Mandi

4.2.1 Overview of existing systems

The Old Intake Well lifts raw water from the Y amuna and feeds it to the Jeoni Mandi WTP. There are 3
VT pumpsinstalled here.

Figure 2 Plant Layout for Old I ntake Well

INTAKE WELL 7

PS5 — P6

To Jeoni Mandi WTP

4.2.2 Electricity Supply

The Old Intake Well isapart of Jeoni Mandi scheme which receives HT supply from Torrent Power at 11
kV. Supply for the motors at Old Intake Well is stepped down throung a 315 kVA and a 630 kVA
transformer to 415V. Single line diagram for Old Intake Well is provided below.
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Figure 3 Singlelinediagram for the Old Intake Well

4.2.3 Tariff Structure

The Old Intake Well is covered under Jeoni Mandi scheme electrical connection which is provided by

Torrent Power. The connection is covered in the LMV-7 tariff category of DVVNL.

Table 10: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Jeoni Mandi
Energy Meter (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)
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4.2.4 Electricity Bill Analysis

The three intake wells (Old, New and New Jal Nigam), the Jeoni Mandi water treatment plants and 4 nos
clear water pump houses (HT Golkamra, Synchronous, Flowmore and 8 VT) areall covered under asingle
electrical connection by the name of Jeoni Mandi. During energy audit, electricity bill data was collected
from the ULB. Details of annual electricity consumption, annual e ectricity cost of last 3 years along with
percentage increase over previous year are provided in the tablebelow. Average power factor recorded ws
found to be 0.804.

Table 11: Energy cost and ener gy consumption detail for Jeoni M andi

Period of energy bill Energy consumption

(kWh/Annum)

Percentage
Increase of energy

Energy cost
(Rs./Annum)

consumption over
previous year (%)

Apr-14 to Mar-15 12,159,218 100,587,661
Apr-15 to Mar-16 11,881,609 -2.3% 112,728,987
Apr-16 to Mar-17 11,023,036 -7.2% 113,563,575
1500000 120.00
1250000 100.00
=
1000000 - 80.00 §
< &
= 750000 - 60.00 <
x £
500000 - 40.00 <=t
=
250000 - 20.00
O 1 T T T T T T T T T 000
© () © © © © o © © A A
N > N N Y Y s Y > "l e
VQ* ng?\ & & Vé,o &R & $o“ Q‘z," & °
mmm Units  =—ll=Bill Amt. Rs. Lakh

Figure 4 Monthly electricity consumption and electricity bill for Jeoni M andi

4.2.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on transformer LT side for recording
variation of electrical parameters. Details about transformers ingtalled at Old Intake Well is provided in

below table.

Table 12: Details of Transformers

Main Incomer-1

Transformer-1 (315 kVA, 11/0.433 kV)

Pump set 1

Main Incomer-2

Transformer-2 (630 kVA, 11/0.433 kV)

Pump sets 2, 3
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Transformer -1 :

Voltage Profile:

Voltage (V)
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Figure5 Voltage Variation of Transfor mer-1

The voltage is found to vary widely between 384 and 415V, averaging around 399V.

Power consumption and Apparent power Profile:

Power (KW)
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220 - =
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11:00:00 AM
12:00:00 PM

Figure 6 Power consumption variation at Transfor mer-1

The power consumption is found to vary between 195 and 224 kW, averaging around 210.5 kW.
The apparent power isfound to vary between 208 and 227 kV A, averaging around 218.8 kVA.

Power factor profile
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Figure 7 Power factor variation profileon Transfor mer-1
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e The power factor isfound to be well-maintained at above 0.98.

Frequency Profile:

Frequency Variation
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Figure 8 Frequency variation on Transfor mer-1
o Thefrequency isfound to vary between 49.94 and 50.1 Hz.
Total Harmonics distortion (THD) - Current:
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Figure9 Variation of THD in current on Transformer-1

e Thecurrent THD isfound to vary between 1.9 and 2.3%, averaging around 2.1%.

Total Harmonics distortion - VVoltage:

Voltage THD
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Figure 10Variation in THD - voltage on Transfor mer-1

¢ Thevoltage THD wasfound to vary between 1.8% to ahigh value of around 7%, averaging around
4.1%.
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Transformer loading:

Based on the 24 hour logging done during energy audit, transformer loading was calculated and same is
provided below.

Transformer Loading (%)
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70.00 b T ——
N T T g ——
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Figure 11Transformer-1 loading

e Transformer-1 |oading was observed to be in the 65%-72% range.

4.2.6 Pumping Station System Mapping

PUME§5: PUMP#E: PUMPHT: LECEHD
F=2430 F=3180 F=12_15 SLUICE vaLvE 4
:Zlaujﬂ E:iﬁjﬁ ::Qi SUTTERFLY WALVE -
MOM RETURN WALVE e
- - - : =
= - b7 RECUCER CONCENTRIC iy
REDUCER ECENTRIC -
BORE WELL )
[ DR4 FLOW METER [Fag

To Jeoni Mandi WTP

CPERATION CORDMON: B
UMDER MaINTERANCE:

Figure12: P & 1D diagram for Old Intake Well

4.2.7 Pumps Performance Evaluation

As per the methodology described in section —1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details

e Measurements of flow, head and power input to motor

o Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB
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Table 13: General detailsof Old Intake Well

Data Value / Details

Name of site Jeoni Mandi

Name of Sub-section Old intake well

Classification (WTP,PS, SPS, STP) Raw Water Pumping station

Pumps installed 3

No. of pumps in operation 3

No. of pumps under maintenance 0

Other Details

Basis of pump operation Level of reservoir tank of Jeoni Mandi WTP
VFD installed (Yes/No) No

Photographs captured at the Old Intake Well to showcase the actual situation are provided below.

Figure 13: Photographs of Old Intake Well

The performance eval uation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 14: Perfor mance Evaluation of pumpsat Old Intake Well

Old Intake
Parameters Well, Jeoni
Mandi
Rated Parameters Pump-6
Pump make Flowmore
Motor make Kirloskar
Pump type VT
Motor serial no. 3890339-1
Pump serial no. 1220101K1C
Rated flow m3/h 3180
Rated head m 15.38
Rated motor kw 185
Measured parameters
Total suction head m -8.17
Total discharge head m 5
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Old Intake

Parameters Unit Well, Jeoni
Mandi
Average flow delivered m3/h 2248.67
Motor input power kw 229.65
Frequency Hz 50.00
Speed RPM 742.03
Total head developed m 13.17
Head utilization % 86%
Flow utilization % 71%
Hydraulic power kw 80.65
Motor input power kw 229.65
Calculated pumpset efficiency % 35.12%
Rated motor efficiency % 94%
Calculated pump efficiency % 37.36%
Specific energy consumption kWh/m3 0.102

Key Observations:

o Pump set no. 6 was observed to be operating at a pump set efficiency of 35.12%.
o Fow measurement was not possible for pump nos. 5 and 7 due to site constraints.

o Heavy leakage was observed from column pipe.Discharge pipes of pump nos. 5 and 7 were found to

be highly corroded.

4.2.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same

is provided below.

Table 15: Other electrical equipment at Old Intake Well - Transformer & Instrumentation

Transformers details

Number of Transformers

Two

Capacity (kVA)

315 kVA, 630 kVA

Primary/Secondary voltages
Instrumentation at site

Suction pressure gauges

11 kv/433 'V

- - |

Not Available

Discharge pressure gauges

Tapping points are available on main header

Flow meter

Not available

Energy meter

For whole facility at incoming feeder (DISCOM meter only)

Table 16: Other electrical equipment at Old Intake Well - Lighting

0 g deta pe of lamp 0.0 0 d 0 Average Opera g ho
per da
Old Intake Well CFL 2 0.065 12
Tube light 1 0.04 24
= * %
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Table 17: Other electrical equipment at Old I ntake Well

Type of

No. of fittings

Rating (kW)

Average Operating hours

Auxiliary
Pumps and
Other loads

Equipment

Room cooler

0.35

per day

24

4.2.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy

consumption. Estimated energy consumption for Old Intake Well is provided in below table.

Table 18: Estimated annual energy consumption and water supply for Old Intake Well

Total
Annual Weighted power
Name of the Operating operating average cgnsumpt
Name of um attern hours power ion per
section pump P (hours/Annu  consump year
tion (kW) | (kWh/Ann
Pump-1 Not fixed, 1,493 134.6 200,996
Old Intake
well Pump-2 depends on 4,775 229.65 1,096,579
Pump-3 inlet sourcs 4,625 74.08 342,617
Total 10,893 438.33 1,640,192

4.3 New Intake Well, Jeoni Mandi

4.3.1 Overview of existing systems

The New Intake Well lifts raw water from the Y amuna and feeds it to the Jeoni Mandi WTP. There are

three VT pumps installed, operating in a 2W+1S arrangement.
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Figure 14 Plant Layout for New Intake Well
4.3.2 Electricity Supply

The New Intake Well is a part of Jeoni Mandi scheme which receives HT supply from Torrent Power at
11 kV. Supply for the motors at Old Intake Well is stepped down through a 1000 kVA transformer to
415V. Single line diagram for New Intake Well is provided below.

11 KV Supply
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Figure 15 Singleline diagram for the New Intake Well
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4.3.3 Tariff Structure

The New Intake Well is covered under Jeoni Mandi scheme electrical connection which is provided by
Torrent Power. The connection is covered in the LMV-7 tariff category of DVVNL. Tariff details are
covered in section 4.2.3.

4.3.4 Electricity Bill Analysis

The three intake wells (Old, New and New Jal Nigam), the Jeoni Mandi water treatment plants and 4 nos
clear water pump houses (HT Golkamra, Synchronous, Flowmore and 8 VT) areall covered under asingle
electrical connection by the name of Jeoni Mandi. Analysis of thisbill is covered in section 4.2.4.

4.3.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Details about transformers installed at New Intake Well is provided in
below table.

Table 19: Details of Transformers

Main Incomers Details of Transformer Connected load
Main Incomer-1 [ Transformer-1 (1000) kVA, 11/0.44 kV) [ All 3 pump sets

Voltage Profile:

Voltage
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Figure 16 Voltage Variation at New Intake Well

o Thevoltageis observed to vary between 410V and 445V, with an average of 426.3V.
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PE

"00:00:0T
- INV 00:ST6
- NV 00:0€:8
- NV 00:5¥:L
- INV 00:00:Z
- INV 00:ST:9
- INV 00:0€'S
- NV 00:S¥:t
- IV 00:00:
- INV 00:ST'€
- INV 00:0€:C
- NV 00:S¥°T
- IV 00:00°T
'00:ST:ZT

'00:0€:TT

*'00:5b:0T

'00:00:0T

- INd 00'ST:6
- INd 00:0€:8
- INd 00:S¥:L
- INd 00:00:£
- INd 00:ST:9
- INd 00:0€:5S
- INd 00:St:¥
- INd 00:00:
- INd 00:ST:€
- INd 00:0€:C
- INd 00:SH°T
- INd 00:00:T
'00:ST:ZT

*'00:0€:TT

*'00:5b:0T

The New Intake Well isin operation throughout the 24 hours. The pump motors are rated 150 kW, 180
kW and 185 kW. The observed kW consumption is either in the 170-190 kW range or the 280-310 kW

rangeas per the number of pumps in operation.
The kVA consumption is found to be either in the 180-200 kV A range or the 300-330 kV A range as

per the number of pumps in operation.
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The power factor isfound to be maintained above 0.9, with the highest recorded being around 0.99.
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Figure 19 Frequency variation at New I ntake Well
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o Thefreguency was observed to vary between 49.85 and 50.05 Hz.

Total Harmonics distortion (THD) - Current:

Current THD
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Figure 20 Variation of THD in current at New I ntake Well

e Thecurrent THD was found to vary between 0.9% and 3.4%, averaging around 1.85%.

Total Harmonics distortion - Voltage:
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Figure 21 Variation in THD - voltage at New I ntake Well

o Thevoltage THD was found to be less than 1%.

Transformer loading:

Based on the kVA measurement during energy audit, transformer loading was calculated and same is
provided below.
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e Depending on the number of pumps in operation, transformer loading was found to be in the 19-20%

or 31-33% range.

4.3.6 Pumping Station System Mapping
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Figure 22P & 1D diagram for New Intake Well

4.3.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the

pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details

e Measurements of flow, head and power input to motor
¢ Interaction with the site personnel on the operating practices
o Verification of Job card by the authorized representative of ULB.
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Table 20: General details of New Intake Well

Data Value / Details

Name of site Jeoni Mandi

Name of Sub-section Newintake well

Classification (WTP,PS, SPS, STP) Raw Water Pumping station

Pumps installed 3

No. of pumps in operation 3

No. of pumps under maintenance 0

Other Details

Basis of pump operation Level of reservoir tank of Jeoni Mandi WTP
VFD installed (Yes/No) No

Photographs captured at the New Intake Well to showcase the actual situation are provided below.

Intake well structure Pumping machinery installed

Figure 23: Photographs of New Intake Well

The performance evaluation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 21: Performance Evaluation of pumpsat New Intake Well

New Intake New Intake New Intake
Well, Jeoni Well, Jeoni Well, Jeoni
Mandi Mandi Mandi
Parameters
Pump-1 Pump-2 Pump-3
Pump make Kirloskar Kirloskar Flowmore
Motor make Marathon Marathon Marathon
Pump type VT VT VT
Motor serial no. 155523200001 | 155123230001 7309304-1
Pump serial no. 1502815003 152H215001 NA
Rated flow m3/h 2460 3180 3180
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New Intake New Intake New Intake
Well, Jeoni Well, Jeoni Well, Jeoni
Mandi Mandi Mandi
Parameters
Pump-1 Pump-2 Pump-3
Rated head m 15.5 15.5 15.38
Rated motor kw 150 180 185

Parameters measured

Total suction head m -6.05 -6.05 -6.05
Total discharge head m 5 6 6
Average flow m3h 1015.33 2079.33 2166.00
delivered
Motor input power kw 104.84 133.60 149.67
Frequency Hz 50.01 50.08 50.02
Speed RPM 988.13 746.83 729.70

Performance evaluation

Total head developed m 11.05 12.05 12.05
Head utilization % 71% 78% 78%
Flow utilization % 41% 65% 68%
Hydraulic power kw 30.55 68.24 71.08

Motor input power kw 104.84 133.60 149.67
Calculated pumpset % 29.14% 51.07% 47.49%
efficiency ' ' '
Rated motor o o o o
efficiency % 94.0% 94.0% 94.0%
Calculated pump o o0 o o
efficiency % 31%% 54.33% 50.52%
Specific energy |y /ms 0.103 0.064 0.069
consumption
Key Observations:

e Pump set nos. 1, 2 and 3 were observed to be operating at pump set efficiencies of 29.14%, 51.07%
and 47.49% respectively. The observed head was less than 80% of the rated head, and the observed
discharge was found to be significantly less than the rated discharge.

4.3.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same

is provided below.

Table 22: Other electrical equipment at New Intake Well- Transformer & Instrumentation

Paramete Deta
Transformers details
Number of Transformers One
Capacity (kVA) 1000 kVA
i, i .
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Parameters Details

Primary/Secondary voltages 11 kV/440 V

Instrumentation at site
Suction pressure gauges
Discharge pressure gauges
Flow meter

Energy meter

Not Available

Tapping points are available on main header

Not available

For whole facility at incoming feeder (DISCOM meter only)

Table 23: Other electrical equipment at New Intake Well - lighting

Lighting details Type of lamp No. of fittings | Rating (kW) | Average Operating hours
per day

New Intake Well CFL 2 0.065 12

Table 24: Other electrical equipment at New Intake Well —auxiliary pumps and other loads

Others Type of Equipment | No. of Rating (kW) | Average Operating
fittings hours per day
Auxiliary Room cooler 1 0.25 24
Pumps and
Other loads

4.3.9 Total Energy Consumption Estimation For Pump sets & Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for New Intake Well is provided in below table.

Table 25: Estimated energy consumption for New Intake Well

Weighted Estimated
Anndal average annual
Name of Name of Operating operating 9
: power power
section pump Pattern hours : .
(hour/annum) consumption consumption
(kw) (kWh/annum)
New Intake Well | Pump-1 6,311 104.84 661,671
New Intake Well | Pump-2 2W + 1SB 6,679 133.60 892,321
New Intake Well | Pump-3 1,146 149.67 171,488
Total 14,136 388.11 1,725,480
B, § o
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4.4 New Jal Nigam Intake Well, Jeoni Mandi
4.4.1 Overview of existing systems

The New Jal Nigam Intake well lifts raw water from the Yamuna and feeds it to the Jeoni Mandi WTP.
There arethree VT pumps installed, of which one wasin breakdown condition and the others are operated
in IW+1SB arrangement.
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Figure 24 Plant Layout for New Jal Nigam Intake Well

4.4.2 Electricity Supply

New Jal Nigam intake well is part of Jeoni Mandi scheme. Theintake well receives power at 11 kV, which
is stepped down through a 500 kV A transformer to feed the motors at 415V.
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Figure 25 Singleline diagram for the New Jal Nigam I ntake Well

4.4.3 Tariff Structure

The New Jal Nigam Intake Well is covered under Jeoni Mandi scheme electrical connection which is
provided by Torrent Power. The connection is covered in the LMV-7 tariff category of DVVNL. Tariff
details are covered in section 4.2.3.

4.4.4 Electricity Bill Analysis

The three intake wells (Old, New and New Jal Nigam), the Jeoni Mandi water treatment plants and 4 nos
clear water pump houses (HT Golkamra, Synchronous, Flowmore and 8 VT) areall covered under asingle
electrical connection by the name of Jeoni Mandi. Analysis of thishill is covered in section 4.2.4.
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4.4.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Details about transformers installed at New Jal Nigam Intake Well is
provided below.

Table 26: Details of Transformers

Main Incomers Details of Transformer Connected load
Main Incomer-1 Transformer-1 (500) kVA, 11/0.44 kV) [ All 3 pump sets

Voltage Profile:

440.00 Voltage
420.00 M \ ’\-/
410.00

400.00
390.00

I
N

10:00:00.
10:45:00.
11:30:00.
12:15:00.

1:00:00 PM
1:45:00 PM
2:30:00 PM
3:15:00 PM
4:00:00 PM
4:45:00 PM
5:30:00 PM
6:15:00 PM
7:00:00 PM
7:45:00 PM
8:30:00 PM
9:15:00 PM

10:00:00.

10:45:00.

11:30:00.

12:15:00.
1:00:00 AM
1:45:00 AM
2:30:00 AM
3:15:00 AM
4:00:00 AM
4:45:00 AM
5:30:00 AM
6:15:00 AM

8:30:00 AM
9:15:00 AM
7:00:00 AM
7:45:00 AM

Figure 26: Voltage Variation at New Jal Nigam I ntake Well

e Wide variation was observed in the voltage, varying between 399 and 430V and averaging around
423V.

Power consumption and Apparent power Profile:
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Figure 27: Power consumption variation at New Jal Nigam Intake Well

e Thetwo functioning pumps are operated in 1W+1SB arrangement. The power consumption was found
to be either around 96-100 kW or 114-116 kW.
e The apparent power consumption was found to be either 98-105 kVAor115-118 kVA.
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e The current THD was observed to be as high as around 10% on some instances, while the minimum
was around 3.4%. Overall, the average current THD was around 6%.

Total Harmonics distortion - Voltage:
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Figure 31: Variation in THD - voltage at New Jal Nigam I ntake Well
o Thevoltage THD was found to vary between 0.8% and 2.2%.
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Figure 32: Transformer loadingat New Jal Nigam Intake Well

e Thetransformer at New Jal Nigam intake well israted 500 kV A. Theloading was observed to be either
around 20% or around 23% depending on the pump motor in operation.
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4.4.6 Pumping Station System Mapping
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Figure33: P & ID diagram for New Jal Nigam Intake Well

4.4.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB

Table 27: General details of New Intake Well

Data Value / Details

Name of site Jeoni Mandi

Name of Sub-section New Jal Nigam intake well

Classification (WTP,PS, SPS, STP) Raw Water Pumping station

Pumps installed 3

No. of pumps in operation 2

No. of pumps under maintenance 1

Other Details

Basis of pump operation Level of reservoir tank of Jeoni Mandi WTP
VFD installed (Yes/No) No
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Photographs captured at the Old Intake Well to showcase the actual situation are provided below.

Intake well structure Pumping machinery installed

™

Figure 34: Photographs of New Jal Nigam Intake Well

The performance evaluation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 28: Performance Evaluation of pumps at New Jal Nigam Intake Well

New Jal Nigam New Jal Nigam

Unit Intake well, Intake well, Jeoni
Jeoni Mandi Mandi
Parameters Pump-2 Pump-3
Pump make WPIL Limited WPIL Limited
Motor make Kirloskar Kirloskar
Pump type VT VT
Motor serial no. SL10028-01 SL10028-01
Pump serial no. 30147 20X1AU
Rated flow ms/h 1950 1950
Rated head m 15.8 15.8
Rated motor kw 132 132
Parameters measured
Total suction head m -8.06 -8.01
Total discharge head 4 4
Average flow delivered m3/h 1113.00 1080.00
Motor input power kw 95.77 114.57
Frequency Hz 49.96 49.97
Speed RPM 1485.00 1483.33

Performance evaluation
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New Jal Nigam

New Jal Nigam

Unit Intake well, Intake well, Jeoni
Jeoni Mandi Mandi
Parameters Pump-2 Pump-3
Total head developed M 12.06 12.01
Head utilization % 76% 76%
Flow utilization % 57% 55%
Hydraulic power kw 36.55 35.32
Motor input power kw 95.77 114.57
Calculated pumpset % 38.17% 30.83%
efficiency
Rated motor efficiency % 93.5% 93.5%
Calculated pump o o o
efficiency % 40.82% 32.98%
Specific energy KWh/m? 0.086 0.106
consumption

Key Observations:

e Pumps 2 and 3 were observed to be operating at pump set efficiencies of 38.17% and 30.83%
respectively. The operating head was found to be below 80% of the rated head and the measured
discharge was found to be significantly less than the rated discharge.

e Pump no. 1 wasin breakdown condition at the time of audit.

4.4.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 29: Other electrical equipment at New Jal Nigam I ntake Well- Transfor mer & Instrumentation

Transformers details

Number of Transformers One

Capacity (kVA) 500 kVA

Primary/Secondary voltages 11 kV/440 V

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header
Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)
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Table 30: Other electrical equipment at New Jal Nigam I ntake Well - Lighting

0 0 pe of lamp 0 0 Ra 0 Average Opera 0
dela O 0,
oSigers
Tubelight 6 0.08 24
New Jal Nigam CFL 2 0.065 12
Intake Well

Table 31: Other electrical equipment at New Jal Nigam I ntake Well

Type of Equipment | No. of Rating (kW) | Average Operating

fittings hours per day
Auxiliary Exhaust fan 1 0.25 24
Pumps and
Other loads

4.4.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for New Jal Nigam Intake Well is provided in below table.

Table 32: Estimated energy consumption for New Jal Nigam I ntake Well

Annual Weighted Estimated

; Operating operating average annual
name of section power power
Pattern hours . .

(hour/annum) consumption consumption

(kw) (kWh/annum)
Vl\\l/z:/lv Jal Nigam Intake PUMp-2 4091 95.77 391767

New Jal Nigam Intake 1 working

well Pump-3 3583 114.57 410544
Total 7,674 210.34 802,311
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4.5 HT Plant (Golkamra Pumping Station)
4.5.1 Overview of existing systems

The Golkamra plant has three pumps having HT motors. One pump set is in breakdown condition and the
remaining two are operated in 1IW+1SB system. The common outlet of the Golkamra plant and the
common outlet of the Synchronous plant are connected. The Golkamra plant supplies treated water to
Zonal Pumping Stations.
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Figure 35 Plant Layout for Golkamra Pump House

4.5.2 Electricity Supply

The Golkamra plant is a part of the Jeoni Mandi scheme. Supply to the plant isat 11 kV, fromwhich it is
stepped down to 3.3 kV for supply to the pump motors.
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Figure 36 Singleline diagram for the Golkamra Pump House

4.5.3 Tariff Structure

The HT (Golkamra) pump house is covered under Jeoni Mandi scheme electrical connection which is
provided by Torrent Power. The connection is covered in the LMV-7 tariff category of DVVNL. Tariff
details are covered in section 4.2.3.

4.5.4 Electricity Bill Analysis

The three intake wells (Old, New and New Jal Nigam), the Jeoni Mandi water trestment plants and 4 nos
clear water pump houses (HT Golkamra, Synchronous, Flowmore and 8 VT) are all covered under asingle
electrical connection by the name of Jeoni Mandi. Analysis of thishill is covered in section 4.2.4.

4.5.5 Energy Consumption Pattern at Pumping Station

Details about transformersinstalled at Golkamra Pump House is provided in below table.

Table 33: Details of Transformers

Main Incomers Details of Transformer Connected load

Main Incomer-1 Transformer-1 (2500) kVA, 11/3.3 kV) All 3 pump sets

As per information provided, the transformer was originally rated 5000 kVA, 11/6.6 kV but was repaired
and redesigned to the present kVA capacity and voltage ratio. Electrical measurements were not possible
at Gol Kamra due to site constraints.
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4.5.6 Pumping Station System Mapping
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Figure37: P & 1D diagram for Gol Kamra pump house

4.5.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details

o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB

Table 34: General details of Golkamra plant

Data Value / Details

Name of site Jeoni Mandi

Name of Sub-section Golkamra plant

Classification (WTP,PS, SPS, STP) Clear Water Pumping station

Pumps installed 3

No. of pumps in operation 2

No. of pumps under maintenance 1

Other Details

Basis of pump operation Level of reservoir tank of Jeoni Mandi WTP
VFD installed (Yes/No) No
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Photographs captured at the Golkamra plant to showcase the actual situation are provided bel ow.

Pumping machinery installed Panel room

== — == B ——u

Figure 38 Photogr aphs of Gol Kamra pump house

The operational pumps at Gol Kamra pump house could not be tested due to site constraints.
Key Observations:

o  Pump set no. 3 was in breakdown condition.
e Heavy leakage was observed on the pump floor.
e SLV and NRV areinstalled and working but in poor condition and highly corroded.

4.5.8 Aucxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were aso studied and details of same
is provided below.

Table 35: Other electrical equipment at HT Plant (Golkamra Pumping Station) - Transformer & Instrumentation

Paramete Deta
Transformers details
Number of Transformers One
Capacity (kVA) 2500 kVA
Primary/Secondary voltages 11 kV/3.3kV
Instrumentation at site
Suction pressure gauges Not Available
Discharge pressure gauges Tapping points are available on main header
Flow meter Not available
Energy meter For whole facility at incoming feeder (DISCOM meter only)

No other auxiliary loads installed at Golkamra plant.
4.5.9 Total Energy Consumption Estimation For Pump sets & Pumping Stations

M easurements were not possible at Gol Kamra pump house due to site constraints. Thus, total energy
consumption could not be determined.
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4.6 Synchronous Pumping Station - Jeoni Mandi
4.6.1 Overview of existing systems

The Synchronous Plant has three pump sets of which one is in breakdown condition. The remaining two,
one having HT motor and one having LT motor, are operated in 1W+1SB combination. Its common header
joins the common header from the Golkamra plant.

4.6.2 Electricity Supply

The Synchronous Plant is apart of the Jeoni mandi scheme. The 210 kW pump receives HT supply while
the remaining two receive LT supply.

Near Store From Main OCB
LT Supply 415V
A.ExER00 sa.mm
Aldv. Condr. Arm.Cable 4
[,I OCB m OCB Feeder
3300 sgamn 1 EECLLLEN BRI
Alu, Condr, Arm.Cabla q > Alw. Condr.Ann.Cable
[] OCB
@
3x400 sgnon
. 1 EE— A Cable
Star Delta Star Delts Alu, Condr AnCable
Starter Starter Starter
Sx1ES sanmm Panel
Aldv. Condr. Arm.Cable ¢
e e » x40 s
Ty v A Aln, Condr, Amm Cable
M2 ) M3 :
\\H_’_/ . P
Q-‘Il )
125 KW -
210KW

Figure 39: Singlelinediagram for the Synchronous Pump House

4.6.3 Tariff Structure

The Synchronous Pumping Station is covered under Jeoni Mandi scheme electrical connection which is
provided by Torrent Power. The connection is covered in the LMV-7 tariff category of DVVNL. Tariff
details are covered in section 4.2.3.

4.6.4 Electricity Bill Analysis

The three intake wells (Old, New and New Jal Nigam), the Jeoni Mandi water treatment plants and 4 nos
clear water pump houses (HT Golkamra, Synchronous, Flowmore and 8 VT) areall covered under asingle
electrical connection by the name of Jeoni Mandi. Analysis of thisbill is covered in section 4.2.4.

4.6.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on LT incomer for recording variation of
electrical parameters. Given below are measurements for the 125 kW motor incomer.
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Voltage Profile:
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Figure 40: Voltage Variation at Synchronous Plant
e Thevoltage is observed to vary between 433 and 438V.
Power consumption and Apparent power Profile:
140.00
120.00 - —
100.00 ‘e
80.00
60.00 ====KVA
40.00 Kw
20.00
0-00 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr1r1r1r1rr1irT T 171
S 22232322222 ==2=2==2=2=2=2=22=23=2
< €< €< € € €« €« €« €« €« €« €« €« « <« <« <« <« < I <
o O O O O O O O O O O o o o o o o o o o o
e Q2 Qe Q@ @ 2 Q@ Q@ e e @ Q@ e e e Q2 e < 2 Q
LN o] — < ~ o [e2] (e} [e)] o~ LN 0 — <t N~ o [(a2] o} [e)] o LN
LN LN o o o - — - i o o o m m m < < < < N N
6 o K KN N N N K K KNK~NKKKKKNKKKKKKK
Figure 41: Power consumption variation at Synchronous Plant
e The power consumption is observed to be around 95-96 kW.
o Apparent power isfound to be around 115-117 kVA.
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Figure 42: Power factor variation profile at Synchronous Plant

The power factor was found to be low at around 0.82-0.83.
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Figure 43: Frequency variation at Synchronous Plant

The average frequency isfound to be more than 50 Hz. Frequency was observed to vary between 50.08

and 50.17 Hz

Total Harmonics distortion (THD) - Current:
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Figure44: Variation of THD in current at Synchronous Plant

The current THD is found to vary between 1.2 and 1.8%, averaging around 1.44%.
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Figure 45: Variation in THD - voltage at Synchronous Plant

e Voltage THD is observed to be less than 1%.

4.6.6 Pumping Station System Mapping
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Figure46: P & 1D diagram for WTP-3

4.6.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details

o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB

Table 36: General details of Golkamra plant

Data Value / Details

Name of site Jeoni Mandi

Name of Sub-section Synchronous plant

Classification (WTP,PS, SPS, STP) Clear Water Pumping station

Pumps installed 3

No. of pumps in operation 2

No. of pumps under maintenance 1

Other Details

Basis of pump operation Level of reservoir tank of Jeoni Mandi WTP
VFD installed (Yes/No) No
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Photographs captured at the Synchronous plant to showcase the actua situation are provided bel ow.

Pumping machinery installed Pump house structure

] ¥ 4

Figure 47: Photographs of Synchronous pump house

Pumpsinstalled at Synchronous Plant could not be tested due to site constraints.

Key Observations:

e NRV and SLV areinstaled on the pumps and in working condition but are in poor condition.
4.6.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 37: Other electrical equipment at Synchronous Pumping Station — Jeoni M andi

Lighting details Type of lamp No. of Rating Average Operating

fittings (W) hoursper day
Synchronous plant Tubelight 1 0.04 24

4.6.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

M easurements were not possible at Synchronous pump house due to site constraints. Thus, total energy
consumption could not be determined.
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4.7 8 VT Plant, Jeoni Mandi Water Works

4.7.1 Overview of existing systems

The8 VT Plant receivestreated water from the Jeoni Mandi WTP. 8 VT pumps areinstalled here, of which

three were in breakdown condition and two are used in emergency.
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Figure 48: Plant Layout for 8 VT Pump House

4.7.2 Electricity Supply

The 8 VT Plant is a part of Jeoni Mandi scheme. The plant receives supply at 11 kV, which is stepped
down through 2 nos. transformersto feed motors at 415V. A bus coupler is provided between the busbars

fed by the two transformers.
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11KV Supply
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Figure 49: Singlelinediagram for the8 VT Pump House

4.7.3 Tariff Structure

The 8 VT Plant is covered under Jeoni Mandi scheme electrical connection which is provided by Torrent
Power. The connection is covered in the LMV-7 tariff category of DVVNL. Tariff details are covered in
section 4.2.3.

4.7.4 Electricity Bill Analysis

The three intake wells (Old, New and New Jal Nigam), the Jeoni Mandi water treatment plants and 4 nos
clear water pump houses (HT Golkamra, Synchronous, Flowmore and 8 VT) areall covered under asingle
electrical connection by the name of Jeoni Mandi. Analysis of thisbill is covered in section 4.2.4.

4.7.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Details about transformersinstalled at 8 VT Pump House is provided in
below table.

Table 38: Details of Transformers

a ome Deta 0 a O e O ected load
Incomer-1 Transformer-1 (1000) kVA, 11/0.433 kV) Pumps 1-4
Incomer-2 Transformer-2 (1000) kVA, 11/0.433 kV) Pumps 5-8
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Transformer -1

Voltage Profile:
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Figure 50: Voltage Variation

e Voltage wasfound to vary over alarge range between 390 and 450V, averaging around 419.5V.

Power consumption and Apparent power Profile:
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Figure 51: Power consumption variation

e The kW consumption is observed to be around 200/400/600 kW, corresponding to operation of 1/2/3

pumps.
o Apparent power is observedtobe around 250/460/700 kVA.

Power factor profile
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Figure 52: Power factor variation
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Power factor was found to show wide variation, falling aslow as 0.7 and occasionally rising to around
0.9. The average PF was low at around 0.794.

Frequency Profile:
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Figure 53: Frequency variation
o Thefregquency is observed to vary between 49.93 and 50.11 Hz.
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Figure54: Variation of THD in current

The THD in current is found to show variation between 0.3% and 1.2%, averaging 0.67%.

Total Harmonics distortion - Voltage:
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Figure 55: Variation in THD — voltage
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The voltage THD isfound to be less than 1%.

Common measurement —pumps 6,7:

Voltage Profile:
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Figure 56: Voltage Variation profile

The voltage was observed to vary between 390 and 420V, averaging 410.5V.

Power consumption and Apparent power Profile:
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Figure 57: Power consumption variation

Power consumption was found to vary between 390 and 425 kW, averaging 413 kW.
Apparent power was found to vary between 425 and 510 kVA, averaging 466 kVA.

Power factor profile
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Figure 58: Power Factor variation
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o Power factor was initialy observed to be just below 0.85, before rising to around 0.9. The average PF
over the entire duration was 0.887.

Frequency Profile:
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Figure 59: Frequency variation

o Fregquency was mostly found to vary between 49.9 and 50.1 Hz, though low and high values of 49.85
Hz and 50.15 Hz were observed.

Total Harmonics distortion - Current:

1.5 Current THD

% Current THD
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\

Figure 60: Variation in THD - current

e Thecurrent THD was observed to be less than 1% except some occasional peaks of around 1.05%.

Total Harmonics distortion - Voltage:

. Voltage THD
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o Thevoltage THD was found to be less than 0.75%.

Transformer loading:

Based on the 24 hour logging done during energy audit, transformer loading was calculated and same is
provided below.

Transformer Loading (%)
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Figure 62 Transfor mer loading

e Based on the number of pumps in operation, the transformer loading is found to be 25-28%/47-
50%/65-70%.

4.7.6 Pumping Station System Mapping
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Figure63: P & 1D diagram for 8 VT Plant

4.7.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection
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e System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB

Table 39: General details of Golkamra plant

DEVEY Value / Details |
Name of site Jeoni Mandi

Name of Sub-section 8 VT plant

Classification (WTP,PS, SPS, STP) Clear Water Pumping station

Pumps installed 7

No. of pumps in operation 3

No. of pumps under maintenance 4

Other Details
Basis of pump operation Level of reservoir tank of Jeoni Mandi WTP
VFD installed (Yes/No) No

Photographs captured at the 8 VT plant to showcase the actual situation are provided below.

Pumping machinery installed

Pump house structure

Figure 64: Photographs of 8 VT Plant

The performance evaluation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 40: Performance Evaluation of pumpsat 8 VT Plant

Parameters Unit 8 VT Plant 8 VT Plant 8 VT Plant
Pump-5 Pump-6 Pump-7
Rated Parameters
Pump make WPIL Jyoti Jyoti
Motor make GEC Jyoti Jyoti
Pump type VT VT VT
Motor serial no. 1314707-1 121410 121581
Pump serial no. 3456 9433 9434
NN @ EEs|
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Parameters Unit 8 VT Plant 8 VT Plant 8 VT Plant
Pump-5 Pump-6 Pump-7
Rated flow m3/h 1226 1212 1212
Rated head m 53.36 47 47
Rated motor kw 260 220 220
Total suction head m -1.77 -2.30 -1.90
Total discharge head m 20 16 18
Average flow delivered m3/h 1255.00 1281.33 1286.67
Motor input power kW 200.13 173.02 217.02
Frequency Hz 49.96 49.94 49.93
Speed RPM 1477.33 1481.33 1477.00

‘

Total head developed

Performance evaluatio

Performance evaluation

Total head developed

21.77 18.30 19.90
Head utilization % 41% 39% 42%
Flow utilization % 102% 106% 106%
Hydraulic power kw 74.40 63.86 69.73
Motor input power kw 200.13 173.02 217.02
Calculated pumpset % 37.18% 36.91% 32.13%
efficiency
Rated motor efficiency % 93.0% 93.5% 93.5%
Calculated pump % 39.98% 39.47% 34.36%
efficiency
Specific energy KWhim? | 0.159 0.135 0.169
consumption
Table4l: Parallel pumping at 8 VT Plant
: 8 VT Plant
Parameters Unit PUMpS 6,7
Total suction head m -3.08
Total discharge head m 20
Total flow m3/h m3/h 2535.67
Motor input power kw 414.89

m 23.08
Head utilization % 49%
Flow utilization % 105%
Hydraulic power developed by KW 159.35
pump
Motor input kW kW 414.89
Calculated overall efficiency % 38.41%
Motor efficiency % 93%
NN @
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8 VT Plant

Parameters Unit PUmps 6,7
Calculated pump efficiency % 41.3%
Specific energy consumption kwWh/m3 163.62

Key Observations:

e Pumpnos. 5, 6 and 7 were al observed to be operating at pump set efficienciesin the 32%-38% range.
The observed discharge was close to the rated discharge, but the observed head was found to be
significantly less than the rated head.

e Combined efficiency of pump sets 6 and 7 during parallel pumping was found to be 38.41%.

o Pumps 3 and 4 were in breakdown condition at the time of audit.

o Heavy leakage was observed from joint between pump outlet pipe and common header.

4.7.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 42: Other electrical equipment at 8 VT Plant, Jeoni Mandi Water Works - Transformer & Instrumentation

Paramete Deta
Transformers details

Number of Transformers Two

Capacity (kVA) 1000 kVA, 1000 kVA

Primary/Secondary voltages 11 kV/433 V

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header
Flow meter Not available

Energy meter

Table 43: Other electrical equipment at 8 VT Pump House - lighting

Lighting Type of lamp (\[o} Rating Average Operating
details fittings (kW) hours

per day

8 VT plant CFL 3 0.065 12

Table 44: Other electrical equipment at 8 VT Pump House

Type of Equipment | No. of Rating (kW) | Average Operating

fittings hours per day
Other loads Air Cooler 1 0.250 24
Exhaust Fan 2 0.200 10
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4.7.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy

consumption. Estimated energy consumption for 8 VT Plant is provided in below table.

Table 45: Estimatedener gy consumption for 8 VT Plant

Annual Weighted Estimated annual

Name of Name of Operating operating average power power
section pump Pattern hours consumption consumption
(hour/annum) (kW) (kWh/annum)

8 VT Plant | Pump-6 5 have separate 2550 173.02 441212

8 VT Plant | Pump-7 pipe 2761 217.02 599114

Total 11,578 590.17 2,294,626
4.8 Flowmore Plant

4.8.1 Overview of existing systems

The Flowmore plant receives treated water from the Jeoni Mandi WTP and then pumpsit to zonal pumping
stations or to Kamla Nagar area. Five VT pumps are installed here, of which two were in breakdown

condition.
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Figure 65: Plant Layout for Flowmor e Plant
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4.8.2 Electricity Supply

The Flowmore plant isapart of the Jeoni mandi water works connection. It receives power at 11 kV, which
is stepped down through transformer for feeding motors at 415V.

1 IKV_Supply
A ) Transformer
630 KVA
oCcB
'ATS| [StarDeltal [ATS ATS ATS
Starter T
M1 (M2 (M3) M2) (M1
75 KW 93 KW 200KW 200 KW 200 KW

Figure 66: Singleline diagram for Flowmor e Plant

4.8.3 Tariff Structure

The Flowmore plant is covered under Jeoni Mandi scheme electrical connection which is provided by
Torrent Power. The connection is covered in the LMV-7 tariff category of DVVNL. Tariff details are
covered in section 4.2.3.

4.8.4 Electricity Bill Analysis

The three intake wells (Old, New and New Jal Nigam), the Jeoni Mandi water trestment plants and 4 nos
clear water pump houses (HT Golkamra, Synchronous, Flowmore and 8 VT) are all covered under asingle
electrical connection by the name of Jeoni Mandi. Analysis of thishill is covered in section 4.2.4.

4.8.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Details about transformersinstalled at 8 VT Plant is provided in below
table.
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Table 46: Details of Transformers

Main Incomers Details of Transformer Connected load

Incomer-1 Transformer-1 (630) kVA, 11/0.433 kV) All 5 pump sets

Voltage Profile:

Voltage (V
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Figure 67: Voltage Variation of Transfor mer-1
e Power cut occurred at 7:45, lasted for around 1 hour 15 minutes.
e Thevoltage was found to vary between 404 and 425V, averaging around 423V.
Power consumption and Apparent power Profile:
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Figure 68: Power consumption variation at Transformer-1

e The power consumption was observed to be in the 75-90 kW/210-230 kW range as per the number of
pumps in operation.

e The apparent power was observed to be in the 85-100 kV A/270-300 kV A range as per the number of
pumps in operation.
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Power factor profile
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Figure 69: Power factor variation profile on Transfor mer-1

o Power factor was found to be less than 0.8 during operation of two pumps, and improved to close to
0.9 during operation of single pump having lower motor kW.

Frequency Profile:

During energy audit, frequency was recorded for 24 hours at the transformer secondary side at the main LT panel of
the Transformer. Variation in frequency for the recorded 24 hour period is provided in figure 10

Frequency Variation
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Figure 70: Frequency variation on Transfor mer-1

e The frequency was found to approach or drop below 49.8 Hz on some occasions, while maximum
recorded frequency was 50.1 Hz.
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Total Harmonics distortion (THD) - Current:

Current THD

" INd 00:5€:6
" INd 00:5C:6
| INd 00:ST:6
 INd 00:50'6
" INd 00:55:8
" INd 00:57:8
| INd 00:5€'8
| INd 00:5C'8
. INd 00:ST:8
" INd 00:50:8
" INd 00:6S:L
. INd 00:S¥:L
| INd 00:S€L
" INd 00:5C:L
" INd 00:ST:L
| INd 00:50:L
| INd 00:55'9
. INd 00:5¥'9
" INd 00:5€:9
" INd 00:52:9
| INd 00:ST:9
| INd 00:50'9
. INd 00:55'S
" INd 00:5¥:S
" INd 00:5€:S
| INd 00:5T'S
. INd 00:ST:S
" INd 00:50:S
" INd 00:5S'Y
 INd 00:S¥'¥
| Id 00:S€¥
_ d 00:ST:¥

_—
—

o
-

0 LW < N O

QHL ud4In) %

Figure 71: Variation of THD in current on Transformer-1

With the exception of a spike observed during restart after power cut, the current THD was observed

to be in the 1%-2% range with an average of 1.74%.

Total Harmonics distortion - Voltage:
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Figure 72: Variation in THD - voltage on Transformer-1

The voltage THD was found to vary between 0.5 and 1.6%, averaging around 0.83%.

Morning supply: 2 pumpsrunning

Voltage Profile:
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Figure 73: Voltage Variation profile
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e Thevoltage was found to vary between 412 and 430V, averaging 423V .

Power consumption and Apparent power Profile:

300.00
290.00 B
| ——— j \.——¥
280.00 ﬂ
270.00 —_—
— — e Apparent
260.00 N p
ower

250.00 N e Power (KW)
240.00
230.00
220-00 T T H T Hi T H T H T Ml T H T Hi T H T H T Ml T H T Hi T Ml T T T Ml T T 1

O O O O O O O O O O O o o o o o

o o o o o o o o o o o o o o o o

— o o < N o — o o < n o — o o <

N v ;M v 1 © W VW W 6 v K KN K KN K

Figure 74: Power consumption variation

e The power consumption was observed to be around 260-270 kW.
e The apparent power was observed to be around 280-290 kVA.

Power factor profile
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Figure 75 Power Factor variation

e The power factor is found to be maintained above 0.92.

Frequency Profile:

50.2 Frequency Variation
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Freguency isfound to vary between 49.94 and 50.12 Hz.

Total Harmonics distortion - Current:

5 Current THD
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Figure 77: Variation in THD - current
e Thecurrent THD was found to be in the 0.5-1.1% range, averaging 0.83%.
Total Harmonics distortion - Voltage:
Voltage THD
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Figure 78: Variation in THD - voltage

e Thevoltage THD was found to be less than 0.8%.

Transformer loading:

Based on the kV A measurement during energy audit, average transformer |oading was cal cul ated and same
is provided below.
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Transformer Loading (%)

30.00
29.00
e
5 28.00 -
(5] \
S 27.00
X
26.00
S>S333333333333333333332:3333323353°3°3
< < € <€A A« A«AACAHAHAAIACAIAI«C« I« A« AC«CAaaaeoacecadc<
O O O O O O O O O O O O O O O O O O O O O O O O O O © O O © o o
2222929222090 902220000Q20Q002282¢8Q¢Q
n O N O n O N O 1N ©O nu O 1N O N O N O 1N O N O N O Nn O Nn O n O n o
dSa M TOanNoedddNanITAaNneedd N IanF D
n wn 1n wn wn wn wn n n O © © OV VO O O © VW VU VW O N NMNNMNNMMNMNMNNMNNSMNMNMNSTNS
Figure 79 Transfor mer loading
e Thetransformer loading is observed to be around 27-29% with two pumps in operation.
4.8.6 Pumping Station System Mapping
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Figure80: P & 1D diagram for Flowmore Plant

4.8.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e System mapping including collection of inventories, name plate details
e Measurements of flow, head and power input to motor

e Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB
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Table 47: General details of Flowmor e plant

Data Value / Details

Name of site Jeoni Mandi

Name of Sub-section Flowmore plant

Classification (WTP,PS, SPS, STP) Clear Water Pumping station

Pumps installed 5

No. of pumps in operation 3

No. of pumps under maintenance 2

Other Details

Basis of pump operation Level of reservoir tank of Jeoni Mandi WTP
VFD installed (Yes/No) No

Photographs captured at the Flowmore plant to showcase the actual situation are provided below.

Pumping machinery installed Pump house structure

Figure 81: Photographs of Flowmore Plant

The performance evaluation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 48: Performance Evaluation of pumps at Flowmor e Plant

Parameters Flow More Plant
Pump-3 200 kW
Parameters
Pump make WPIL
Motor make Alstom
Pump type VT
Motor serial no. 265622000001
Pump serial no. 3403
Rated flow m3/h 1200
Rated head m 47.14
Rated motor kw 200

Parameters measured
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Parameters Unit Flow More Plant
Pump-3 200 kW

Total suction head m 0.00
Total discharge head m 35
Average flow delivered m3/h 1465.33
Motor input power kw 168.10
Frequency Hz 49.95
Speed RPM 1489.67
Total head developed m 35.00
Head utilization % 74%
Flow utilization % 122%
Hydraulic power kw 139.67
Motor input power kw 168.10
Calculated pumpset o 0
efficiency % 83.09%
Rated motor efficiency % 95.3%
Calculgt_ed pump % 87 18%
efficiency
Specific energy KWh/m3 0.115
consumption

Key Observations:

e Pump 1 (200 kW) and pump 1 (75 kW) were in breakdown condition.
¢ Individual flow measurement was not possiblefor pump 2 (200 kW) and pump 2 (93 kW).
¢ Pump 3 wasfound to be operating at a pump set efficiency of 83.09%.

4.8.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 49: Other electrical equipment at Flowmore Pump House - Transformer & Instrumentation

Transformers details

Number of Transformers One

Capacity (kVA) 630 kVA

Primary/Secondary voltages 11 kV/433 V

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header
Flow meter Not available

Energy meter
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Table 50: Other electrical equipment at Flowmore Pump House — lighting

Lighting Type of | No. of Rating | Average Operating
details lamp fittings | (kW) hours
per day
Flowmore plant | Tubelight 2 0.04 12
CFL 3 0.075 12

Table51: Other electrical equipment at Flowmore Pump House

Type of No. of Rating | Average
Equipment | fittings (kW) Operating

hours
per day

Cooler 1 0.28 24
Exhaust Fan 1 0.11 8

Auxiliary pumps and other loads

4.8.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Flowmore Plant is provided in below table.

Table 52: Estimated energy consumption for Flowmore Plant

Annual Weighted Estimated annual
Name of Name of Operating operating average power power
section pump Pattern hours consumption consumption
(hour/annum) (kW) (kWh/annum)
Flow More Plant | FuMP-2 1,578 164.65 259,873
200 KW | Pump 2-200 kW - ' ' ’
Pump-3 | separate line, P3-
Flow More Plant 200 KW | 200 kW and P2-93 1,122 168.10 188,533
Flow More Plant | FumP-2 | kWin parallel 2,318 60.52 140,265
93 kW
Total 5,018 393.27 588,671
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4.9 Sanjay Palace ZPS
4.9.1 Overview of existing systems

The Sanjay Palace ZPS receives treated water from the Sikandra WTP. The water is then pumped to Hari
Parvat, Maithan, and Sanjay Market areas through different sets of pumps. A total of ten VT pumps are
installed here, of which 4 supply to Hari Parvat area, 5to Maithan area and 1 to Sanjay Market area.
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Figure 82: Plant Layout for Sanjay Palace ZPS

4.9.2 Electricity Supply

Sanjay Place ZPS receives supply at 11 kV from Torrent Power. This is stepped down to 415V via a
630kV A transformer to feed the motors.
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Figure 83 Singleline diagram for the Sanjay Palace ZPS

4.9.3 Tariff Structure

The electrical connection for Sanjay Place ZPS is provided by Torrent Power. The connection is covered
inthe LMV-7 tariff category of DVVNL.

Table53: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Sanjay Place \
Energy Meter (HT) |

Meter serial number ' NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.9.4 Electricity Bill Analysis

During energy audit, electricity bill data was collected from the ULB. Details of annua e ectricity
consumption, annual electricity cost of last 3 years along with percentage increase over previous year are
provided in the table below.
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Table 54: Energy cost and energy consumption detail for Sanjay Palace ZPS

Percentage Increase

Energy

Period of energy . of energy Energy cost
. consumption .
bill (kWhiy) consumption over (Rs.ly)
y previous year (%)
Apr-14 to Mar-15 452,991 5,452,074
Apr-15 to Mar-16 495,281 9.3% 5,742,409
Apr-16 to Mar-17 498,408 0.6% 7,800,011

The recorded power factor at Sanjay Place ZPS was around 0.83-0.84. As hilling is done on kVAh basis,
improving the measured power factor to unity will reduce the kVAH consumption and thus the e ectricity
cost paid per month. Monthly consumption and bill amount for available bills from Apr 2014 to March
2017 is given in the graph below.

Figure 84: Monthly electricity consumption and electricity bill for Sanjay Palace ZPS
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4.9.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on secondary side of transformer for
recording variation of electrical parameters. Details about transformers installed at Sanjay Palace ZPSis
provided in below table.

Table55: Details of Transformers

Main Incomers Details of Transformer Connected load

Main Incomer-1 Transformer-1 (630) kVA, 11/0.433 kV) All 10 pump sets

A single transformer handles the entire load of the Sanjay Place pumping station.

Voltage Profile:

460.0 Valiage lV\
8_) 440.0 -~ \
8
g 420.0 —
400.0 T T T T T T T 1
6:00:00 AM 6:05:00 AM 6:10:00 AM 6:15:00 AM 6:20:00 AM 6:25:00 AM 6:30:00 AM 6:35:00 AM

Figure 85 Voltage Variation

e Thevoltage variation at main incomer is observed to be in the 415-440V range, averaging 432V.

Power consumption and Apparent power Profile:

160.00
140.00 ——
120.00 —_—
100.00
80.00 — VA
60.00
40.00 KW
20.00

0-00 T T T T T T T 1
6:00:00 6:05:00 6:10:00 6:15:00 6:20:00 6:25:00 6:30:00 6:35:00
AM AM AM AM AM AM AM AM

Figure 86 Power consumption variation

e Power consumption at main incomer during the measurement period was found to be around 110-120
KW.

o kVA consumption recorded at main incomer during measurement period was found to be around 130-
145 kVA.
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Power factor profile

Power Factor
0.84
e
0.83 — S
0.82
0.81
0.8 T T T T T T T 1
6:00:00 AM 6:05:00 AM 6:10:00 AM 6:15:00 AM 6:20:00 AM 6:25:00 AM 6:30:00 AM 6:35:00 AM
Figure 87: Power factor variation profile
e The power factor was consistently found to be around 0.83-0.84.
Frequency Profile:

During energy audit, frequency was recorded for 24 hours at the transformer secondary side at the main LT panel of
the Transformer. Variation in frequency for the recorded 24 hour period is provided in figure 10

Frequency Variation
50.2
N
I
> 50
c
()
=]
o
Lt 49.8 T T T T T T T 1
6:00:00 AM 6:05:00 AM 6:10:00 AM 6:15:00 AM 6:20:00 AM 6:25:00 AM 6:30:00 AM 6:35:00 AM

Figure 88 Frequency variation

o Thefreguency measured at Transformer LT side was found to be between 50 and 50.1 Hz.

Total Harmonics distortion (THD) - Current:

Current THD

0.90
[a]
s /
= 0.80
@ 075
5
U 0.70 T T T T T T T 1
J
X 6:00:00 AM 6:05:00 AM 6:10:00 AM 6:15:00 AM 6:20:00 AM 6:25:00 AM 6:30:00 AM 6:35:00 AM

Figure 89 Variation of THD in current

e Thecurrent THD was found to be less than 1%.
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Total Harmonics distortion - Voltage:

0.80

Voltage THD

0.60

0.40
0.20

% Voltage THD

0.00

6:00:00 AM 6:05:00 AM 6:10:00 AM 6:15:00 AM 6:20:00 AM 6:25:00 AM 6:30:00 AM 6:35:00 AM

Figure 90: Variation in THD - voltage

e Thevoltage THD was found to be less than 0.75%.

Incomer — Hari Parvat side:

Voltage Profile:

Voltage (V)
434.0
® 432.0 /—/_\/\‘ P
8 4300
S 4280 ‘\//
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Figure 91: Voltage Variation profile at Hariparvat side incomer

e Thevoltage recorded at Hariparvat side incomer was found to vary between 426 and 433V .

Power consumption and Apparent power Profile:
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Figure 92: Power consumption variation at Hariparvat side incomer

e Power consumption recorded at Hariparvat side incomer was found to be around 200-210 kW.
o kVA consumption recorded at Hariparvat side incomer was found to be around 240-250 kVA.

Power factor profile
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Figure 93: Power Factor variation at Hariparvat side incomer

e Therecorded power factor was found to be consistently in the 0.837-0.845 range.
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Frequency Profile:

Frequency Variation
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Figure 94: Frequency variation at Hariparvat side incomer

e Therecorded frequency was found to bein the 49.9-50.1 Hz range.

Total Harmonics distortion - Current:

Current THD
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Figure 95: Variation in THD - current at Hariparvat side incomer

e Thecurrent THD was found to bein the 0.7%-1.2% range.

Total Harmonics distortion - Voltage:

Voltage THD
1.00

[a]

=

o 0.50 —
oo

]

g 0-00 T T T T T T T T T T T 1
®

QVQQ@Q@Q@Q@Q@Q@Q&Q@QV 0§0§0§0®
Q Q Q Q Q Q QO QO Q QO QO QO Q Q
DA P R N SN HIA NS R - R S R SR
L R S CARE % U > C - DA ‘> DU '~ SO/~ S~ SR = S - R - RO XA <3

Figure 96: Variation in THD - voltage at Hariparvat side incomer

o Thevoltage THD was found to be less than 0.5%.
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Transformer loading:

Based on the 24 hour logging done during energy audit, average transformer loading was calculated and
sameis provided in the table 56.

Table56: Transformer loading analysis

Transformer Loading (%)

39.00

2 3880 PN -
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- 3840 \v/

(]

£ 3820

S 380 4+—r- v
(7]

§ SOOI IO IO SIS SRS RS

R ® B
O S OSSOSO S
S 8 .<o°"° So°5'° .QG'Q .Q°5'° .\9"6 .'\35'0 .'»G'Q n,°5'° S :b°5'° S 6
(,). {,7. (,). {,7. b. b. b. b. b. %. b. %. %. %.

D,

e Energy consumption at the Hariparvat side incomer during the measurement period causes around 38-
39% transformer loading.

4.9.6 Pumping Station System Mapping

Ten pumpsareinstalled in Sanjay Place ZPS, divided into Hariparvat side supply and Maithan side supply.
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Figure97: P & 1D diagram for Sanjay Palace ZPS
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4.9.7 Pumps Performance Evaluation

As per the methodology described in section -1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

Data collection

System mapping including collection of inventories, name plate details
M easurements of flow, head and power input to motor

Interaction with the site personnel on the operating practices
Verification of Job card by the authorized representative of ULB

Table 57: General details of Sanjay Place pump house

Data Value / Details

Name of site Sanjay Place

Name of Sub-section Maithan side supply, Hariparvat side supply
Classification (WTP,PS, SPS, STP) Zonal Pumping station/Water distribution station
Pumps installed 10

No. of pumps in operation 8

No. of pumps under maintenance 2

Other Details

Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Sanjay Place ZPS to showcase the actual situation are provided below.

ST T
¥ y

View of pump house Pumpsinstalled

Figure 98: Photographs of Sanjay Palace ZPS—Maithan Side

The performance eval uation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.
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Table 58: Performance Evaluation of pumps at Sanjay Palace ZPS —Maithan Side

Sanjay Sanjay Sanjay
Parameters Place, Place, Place,
VETHET VETHET VETHET
Side. Side. Side.
Parameters Pump-1 Pump-2 pump-5
Pump make Johnson Jyoti Jyoti
Motor make Kirloskar Kirloskar Jyoti
Pump type VT VT VT
Motor serial no. NA 131826 NA
Pump serial no. NA N26023 NA
Rated flow ms3/h 648 648 324
Rated head m 30.48 30.48 30
Rated motor kw 75 75 37
Total suction head m -6.46 -5.06 -4.79
Total discharge head m 20 20 16
Average flow delivered m3/h 595.83 521.60 292.40
Motor input power kw 78.41 61.33 38.23
Frequency Hz 49.96 50.07 49.98
Speed RPM 1477.33 1478.33 1464.00
Total head developed m 26.46 25.06 20.79
Head utilization % 87% 82% 69%
Flow utilization % 92% 80% 90%
Hydraulic power kW 42.93 35.59 16.55
Motor input power kw 78.41 61.33 38.23
Calculated pumpset efficiency % 54.75% 58.04% 43.29%
Rated motor efficiency % 91.5% 91.5% 91.0%
Calculated pump efficiency % 59.84% 63.43% 47.57%
Specific energy consumption kWh/m3 0.132 0.118 0.131

Table 59: Performance Evaluation of pumps at Sanjay Palace ZPS — Hariparvat Side

Sanjay SENIE SENIE Sanjay Sanjay
Place, Place, Place, Place, Place,
Hariparvat Hariparvat | Hariparvat Hariparvat Hariparvat
Side. Side. Side. Side. Side.
Parameters Pump-1 Pump-2 \ Pump-3 Pump-4 Pump-5(0)

Pump make Jyoti Johnson Kirloskar Jyoti NA

Unit
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Sanjay Sanjay Sanjay SENIE Sanjay
Unit Place, Place, Place, Place, Place,
Hariparvat Hariparvat | Hariparvat Hariparvat Hariparvat
Side. Side. Side. Side. Side.
Parameters Pump-1 Pump-2 \ Pump-3 Pump-4 Pump-5(0)
Motor make Jyoti Jyoti Kirloskar Kirloskar Jyoti
Pump type VT VT VT VT VT
Motor serial no. NA 2800460-3 | 2800970-7 NA NA
Pump serial no. NA NA NA 26021 NA
Rated flow ms/h 300 300 648 648 300
Rated head m m 35 35 31.8 30.4 35
Rated motor kW kw 37 37 75 75 67
Total suction head m -6.05 -6.19 -4.75 -5.29 -4.80
Total discharge head m 4 8 10 8 47
Average flow delivered ms3/h 359.07 342.70 615.33 573.60 99.43
Motor input power kw 34.23 35.89 70.11 60.82 43.61
Frequency Hz 50.13 49.96 50.05 49.98 49.67
Speed RPM 1485.67 1463.00 1475.00 1476.33 1486.33
Observed head m m 10.05 14.19 14.75 13.29 51.80
Head utilization % 29% 41% 46% 44% 148%
Flow utilization % 120% 114% 95% 89% 33%
Hydraulic power kW 9.83 13.24 24,72 20.76 14.03
Motor input power kw 34.23 35.89 70.11 60.82 43.61
Calculated pumpset 28.72% | 36.89% | 35.26% | 34.14% | 32.16%
efficiency
Rated motor efficiency 91% 91% 91.5% 91.5% 91.5%
Ca'ce‘}'f'i"";iiig;mp 31.56% | 40.54% | 38.54% | 37.31% | 35.15%
Specific energy kwh/
consumption m3 0.095 0.105 0.114 0.106 0.439

Table 60: Parallel pumping at Sanjay Palace ZPS

ENEY Sanjay Place Sanjay Place
. Place " :
Location . (Hariparvat (Hariparvat
(GETIIET: Side) Side)
Side)
Parameters measured 72 A 72
Maithan Hariparvat Hariparvat
Total suction head m -3.79 -3.99 -5.02
Total discharge head m 18 10 10
Total flow m3/h 1641.33 1293.00 1312.00
Motor input power kw 177.65 141.96 143.52
SWld, @ "
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SELIEW
Place
(Maithan

Sanjay Place Sanjay Place
(GEWI L (GEWI L
Sile[3)) Sife[3)]

Location
Side)

1,2,5 12,4 1,2,3

FETETIERS [IEESUIEE Maithan Hariparvat Hariparvat

Performance evaluation
Total head developed m 21.79 13.99 15.02
Head utilization 71% 40% 43%
Flow utilization 101% 104% 105%
Hydraulic power developed by KW 97.40 49.25 53.67
pump
Motor input kW kw 177.65 141.96 143.52
Calculated overall efficiency 54.83% 34.69% 37.39%
Motor efficiency 91% 91% 91%
Calculated pump efficiency 60.25% 38.12% 41.08%
Specific energy consumption kWh/m3 108.24 109.79 109.39

Key Observations:

o All pump sets at Hariparvat side were found to be operating at poor pump set efficiencies in the 28%-
37% range.Pumps 1-4 were found to be operating at head significantly less than rated head. Pump 5
was operating at higher head than rated, and at significantly less than rated discharge.

e Inpardle pumping at Hariparvat side, the combination of pumps 1,2,3 wasfound to have amarginally
higher efficiency of 37.39% compared to the 34.69% for the pumps 1,2,4 combination. Overall the
efficiencies of both combinations were found to be poor.

¢ Pumps 3 and 4 at Maithan side were in breakdown condition and hence were not tested.

e Pumpsnos. 1, 2 and 5 on the Maithan side were operating at pump set efficiencies of 52.75%, 58.04%,
43.25% respectively. Pumps 1 and 2 were operating closer to their rated head compared to pump no.
5, but both operating head and operating discharge were found to be less than rated for all these pumps.

e In parald pumping at Maithan side, the three operational pumps were running in paralel and the
combined efficiency was found to be 54.83%.

4.9.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were aso studied and details of same
is provided below.

Table 61: Other electrical equipment at Sanjay Place ZPS- Transformer & Instrumentation

Transformers details

Number of Transformers One

Capacity (kVA) 630 kVA

Primary/Secondary voltages 11 kV/433 V

Instrumentation at site |
Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header
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Parameters Details

Flow meter Not available
Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 62: Other electrical equipment at Sanjay Place ZPS - Lighting

0 g deta pe of lamp 0.0 0 Ra 0 Average Opera g ho
per da
Sanjay Place Tubelight 6 0.036 12
ZPS HPSV 3 0.16 12

Table 63: Other electrical equipment at Sanjay Place ZPS

Othe pe o guipme 0.0 Ra 0 Average Opera 0
O 0, per da
Auxiliary Exhaust fan 4 0.15 6
Pumps and | Motor (chlorine) 4 0.75 4
Other loads

4.9.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Sanjay Palace ZPSis provided in below table.

Table 64: Estimated energy consumption for Sanjay Palace ZPS

Estimated
Annual Weighted annual
Name of Operatin opherating average power
. ours power consumptio
name of section pump g Pattern (hour/annu  consumpti -
1)) on (kW) (kWh/annu
m)
Sanjay Place, Maithan 1,25in
Side. Pump-1 parallel. 1,328 841 104,104
Sanjay Place, Maithan Pumps
Side. Pump-2 3,4 under 1,278 61.33 78,380
g%rgay Place, Maithan D5 brearl:dow 1,330 38.23 50,853
g%rgay Place, Hariparvat Pump-1 1,339 3423 45,823
S%rgay Place, Hariparvat pump-2 1.2.41n 1,150 35.89 41.270
> - parallel;
Sgnjay Place, Hariparvat separate 0 70.11 0
Side. Pump-3 .
Sanjay Place, Hariparvat line from
o eJ y » Harip Pump-4 pump 5 1,339 60.82 81,414
g%’gay Place, Hariparvat S 1,341 43.61 58,471
Total 9,105 423 460,315
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4.10 Kotwali ZPS

4.10.1 Overview of existing systems

Kotwali ZPS receives treated water from Jeoni Mandi WTP. Five pumps are installed here, of which one
was discarded and one was under maintenance at the time of audit. ESR filling and direct distribution are
performed through dedicated sets of pumps and pipe lines.
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Figure 99: Plant Layout for Kotwali ZPS

4.10.2 Electricity Supply

Kotwali ZPS receives supply at 11 kV from Torrent Power. Thisis stepped down to 415V viaa 315 kVA
transformer to feed the motors.

NNG

S mart C Ety Atal Mission for Rejuvenation
and Urban Transformation

* *
oy '‘EE
“EESL
HPRT IR R
AGRA NAGAR NIGAM



Figure 100: Single line diagram for the Kotwali ZPS
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4.10.3 Tariff Structure

The electrical connection for Kotwali ZPSis provided by Torrent Power. The connection is covered in the

LMV-7 tariff category of DVVNL.

Table 65: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Meter serial number NA NA
Power supply 11 kV line NA
Energy charges Rs. 7.155 Per kVAh NA
Fixed/demand charge Rs. 290/kW NA

(Basis : DVVNL Tariff Order for FY 2016-17)

4.10.4 Electricity Bill Analysis

During energy audit, electricity bill data was collected from the ULB. Details of annua e ectricity
consumption, annual electricity cost of last 3 years along with percentage increase over previous year are

provided in the table below.

Table 66: Energy cost and energy consumption detail for Kotwali ZPS

Energy

Period of energy

bill

consumption

Percentage Increase
of energy
consumption over

Energy
cost (Rs.ly)

(kwhiy) previous year (%)
Apr-14 to Mar-15 49,580 919,295
Apr-15 to Mar-16 57,543 16.1% 1,096,616
Apr-16 to Mar-17 65,267 13.4% 1,263,831
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The power factor recorded at the incomer was found to be around 0.91.

Figure 101: Monthly electricity consumption and electricity bill for Kotwali ZPS
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4.10.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on transformer LT sidefor recording
variation of electrical parameters. Details about transformersinstalled at Kotwali ZPSis provided in bel ow
table.

Table 67: Details of Transformers

Main Incomers Details of Transformer Connected load

Main Incomer Transformer-1 315 kVA, 11/0.433 kV) All 5 pump sets
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Voltage Profile:.

Voltage (V)
430.00
425.00 / ——
() 420.00 _/\/
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S 415.00 —
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Figure 102: Voltage Variation at Kotwali LT incomer

e A power cut occurred during the measurement.
e Thevoltage measured at the Kotwali LT incomer was found to bein the 410-425V range.

Power consumption and Apparent power Profile:
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Figure 103: Power consumption variation at Kotwali LT incomer

e Power consumption corresponding to parallel operation of three pumps was observed to be around 95
kW. For operation of single pump, it was found to be around 30 kW.

o  kVA consumption during operation of three pumpswasfound to be around 100-105 kV A, while during
operation of single pump it was found to be around 35 kVA.

Power factor profile
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Figure 104: Power factor variation profile at Kotwali LT incomer

e Thepower factor was found to be over 0.95 during operation of three pumps, reducing to around 0.86-
0.88 during operation of single pump.

Frequency Profile:
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Figure 105 Frequency variation at Kotwali LT incomer

e Freguency was observed to vary between 49.9 and 50.1 Hz.

Total Harmonics distortion (THD) - Current:
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Figure 106: Variation of THD in current at Kotwali LT incomer
e Thecurrent THD was observed to be around 2.2-3%.
Total Harmonics distortion - Voltage:
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Figure 107: Variation in THD - voltage at Kotwali LT incomer

e Thevoltage THD was found to be less than 1%.

Transformer loading:

A 315 kVA transformer isinstalled at Kotwali ZPS. Transformer |oading was determined based on kVA
consumption and same is provided below.

Table 68: Transformer loading analysis

Transformer Loading (%)
35.00
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@ 25.00 \
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o Typically, three pumps are operated at Kotwali ZPS. During such operation, transformer loading was
observed to be in the 30%-35% range.
e Theloading dropped to around 10% during operation of single pump.
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4.10.6 Pumping Station System Mapping
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Figure 108: P & ID diagram for Kotwali ZPS

4.10.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e System mapping including collection of inventories, name plate details
e Measurements of flow, head and power input to motor

e Interaction with the site personnel on the operating practices

e Vaerification of Job card by the authorized representative of ULB

Table 69: General details of Sanjay Place pump house

Data Value / Details

Name of site Kottwali ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station
Pumps installed 5

No. of pumps in operation 3

No. of pumps under maintenance 2

Other Details

Basis of pump operation Inlet supply from WTP

VFD installed (Yes/No) No

Photographs captured at Kotwali ZPS to showcase the actual situation are provided below.
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View of pump house Pumpsinstalled

Figure 109: Photographs of Kotwali ZPS

The performance evaluation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 70: Performance Evaluation of pumps at Kotwali ZPS

. Kotwali Kotwali .

Unit ZPS ZPS Kotwali ZPS
Parameters Pump-1 Pump-2 Pump-4
Pump make Jyoti Jyoti Jyoti
Motor make Jyoti Jyoti Jyoti
Pump type VT VT NA
M°t°nrose”a' NA | M0999258 NA
P”mrﬁ’ose”a' NA NA | 275DMFD200
Rated flow m3/h 324 348 180
Rated head m 30 30 40
Rated motor kw 37 37 28.5

Parameters measured
Total suction

head m -3.79 -4.49 -4.89
Total
discharge m 2 2 27
head
Average flow 3
delivered m3/h 232.20 423.93 186.00
Motorinput |\ | 2787 | 3220 27.00
power
Frequency Hz 50.01 49.98 50.00
Speed RPM 1491.33 | 1480.67 1457.67

Performance evaluation
Total head m 5.79 6.49 31.89
developed
NN s WK
) :
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Kotwali Kotwali .
7PS 7PS Kotwali ZPS
Parameters Pump-1 Pump-2 Pump-4
Head % 19% 22% 80%
utilization
Flow % 72% 122% 103%
utilization
Hydraulic KW 3.66 7.50 16.15
power kW
Motor input kW | 27.87 | 3220 27.00
power
Calculated
pumpset % 13.14% 23.28% 59.83%
efficiency
Rated motor % 91% 90% 90%
efficiency
Calculated
pump % 14.44% 25.58% 66.48%
efficiency
Specific
energy kwh/m3 | 0.120 0.076 0.145
consumption

Table 71: Parallel pumping at Kotwali ZPS

Location

Parameters measured

Total suction head

(CAVETIVA RS

1,2
-4.51

Total discharge head m 2
Total flow m3/h m3/h 663.60
kw 48.51

Motor input power

Performance evaluation
6.51

Total head developed m
Head utilization 22%
Flow utilization 99%
Hydraulic power developed by pump kw 11.76
Motor input KW kw 48.51
Calculated overall efficiency 24.25%
Motor efficiency 91%
Calculated pump efficiency 26.64%
kWh/m3 73.09

Specific energy consumption

Key Observations:

Common header of pumps 4,5 isused for ESR filling.

N
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and Urban Transformation
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Common header of pump nos. 1,2,3 is used for supplying water directly into distribution network.

Pumps 1 and 2 were observed to be operating at very poor pump set efficiencies of 13.14% and 23.3%.
Both were observed to be operating significantly below their rated head. The combined efficiency of

the two during their parallel operation was also found to be quite low at 24.25%.
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e Pump set efficiency of pump 4 was found to be 59.83%, and its operating head was found to be more
than 75% of the rated head.

e Pump no. 5isdiscarded and pump no. 3 was under maintenance at the time of audit.
e NRV of pumpno. 1 & 2 are not working.

4.10.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 72: Other electrical equipment at Kotwali ZPS- Transformer & Instrumentation

Transformers details

Number of Transformers One

Capacity (kVA) 315 kVA

Primary/Secondary voltages 11 kV/433 V

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 73: Other electrical equipment at Kotwali ZPS - Lighting

0 g deta pe of lamp 0.0 0 Ra 0 Average Opera g ho
per da
Kotwali ZPS CFL 3 0.085 12
Metal Halide 1 0.25 12

Table 74: Other electrical equipment at Kotwali ZPS

Type of Equipment | No. of Rating (kW) | Average Operating
fittings hours per day

Aucxiliary Exhaust fan 2 0.2 12
Pumps and
Other loads

4.10.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Kotwali ZPS is provided in below table.
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Table 75: Estimated energy consumption for Kotwali ZPS

Annual Weighted Estimated
g Operating operating average annual
name of section Name of pump Pattern hours power power
(hour/annum) consumption consumption
(kW) (kWh/annum)
Kotwali ZPS Pump-1 1,2”in| 702 27.87 19,565
arallel -
Kotwali ZPS Pump-2 P irect 702 32.20 22,607
distribution.
Kotwali ZPS Pump-4 4 for ESR 1,625 27.00 43,862
filling.
Total 3,029 87.07 86,034

4.11 Suryanagar ZPS
4.11.1 Overview of existing systems

Suryanagar ZPS receives treated water from Sikandra WTP. There are five pumps here, operated in
3W+2SB combination. Water is supplied directly into distribution.

PUMP HOUSE
B - P

SUMP

4308

Figure 110: Plant Layout for Suryanagar ZPS

4.11.2 Electricity Supply

Suryanagar ZPS receives supply at 11 kV from Torrent Power. This is stepped down to 415V via a 315
kV A transformer to feed the motors.
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Figure 111: Singleline diagram for the Suryanagar ZPS

4.11.3 Tariff Structure

The electrical connection for Suryanagar ZPS is provided by Torrent Power. The connection iscovered in
the LMV -7 tariff category of DVVNL.

Table 76: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Suryanagar ZPS
Energy Meter-1 (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.11.4 Electricity Bill Analysis

During energy audit, electricity bill data was collected from the ULB. Details of annua e ectricity
consumption, annual electricity cost of last 3 years along with percentage increase over previous year are
provided in the table below.

Table 77: Energy cost and ener gy consumption detail for Suryanagar ZPS

Percentage Increase
of energy Energy cost
consumption over (Rs.ly)
previous year (%)
Apr-14 to Mar-15 213,312 3,522,001
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Percentage Increase

Energy

Period of energy . of energy Energy cost
. consumption :
bill (kWhiy) consumption over (Rs.ly)
y previous year (%)
Apr-15 to Mar-16 220,121 3.2% 4,377,994
Apr-16 to Mar-17 184,041 -16.4% 3,030,225

The power factor recorded at the incomer was found to be in the 0.89-0.9 range. It was observed that the
recorded demand has exceeded the contract demand by a very high margin of around 50% throughout
2016-17. Asaresult of recorded demand exceeding contract demand, ‘ Excess demand charges have been
levied in addition to the regular demand charges.

Figure 112: Monthly electricity consumption and electricity bill for Suryanagar ZPS
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4.11.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on transformer LT side for recording
variation of electrical parameters. Details about transformers installed at Suryanagar ZPS is provided in
below table.

Table 78: Details of Transformers

Main Incomers Details of Transformer Connected load

Main Incomer Transformer-1 315 kVA, 11/0.433 kV) All 5 pump sets

Pumps 1, 3, 4 in operation:

Voltage Profile:

:
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Figure 113: Voltage Variation during parallel operation of pumps 1,3,4

e Thevoltage during parallel operation of pumps 1,3,4 was observed to be in the 419-423V range.

Power consumption and Apparent power Profile:
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Figure 114: Power consumption during parallel operation of pumps 1,3,4

e Power consumption in parallel operation of pumps 1,3,4 was observed to be around 165-170 kW.
o Apparent power in parallel operation of pumps 1,3,4 was observed to be around 185-190 kVA.
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Figure 115: Power factor variation during parallel operation of pumps 1,3,4
e Power factor was found to be in the 0.89-0.9 range.
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Frequency Profile:
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Figure 116: Frequency variation during parallel operation of pumps 1,3,4

e Thefrequency measured was found to vary between 50 and 50.1 Hz.
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Figure 117: Variation of THD in current during parallel operation of pumps1,3,4

e Thecurrent THD was found to be around 1.2-1.5%.

Total Harmonics distortion - Voltage:
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Figure 118: Variation in THD - voltage during parallel operation of pumps1,3,4

e Thevoltage THD was found to be less than 1%.
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Pumps 2, 3, 4in operation:

Voltage Profile:.
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Figure 119: Voltage Variation during parallel operation of pumps 2,3,4
¢ Thevoltage was found to vary between 403V and 418V, averaging 411V.
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Figure 120: Power consumption during parallel operation of pumps 2,3,4

e Power consumption during parallel operation of pumps 2,3,4 was found to be around 160 kW.
o Apparent powerduring parallel operation of pumps 2,3,4 was found to be around 200 kVA.
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Frequency Variation
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Power factor was found to vary between 0.8 and 0.815.

Frequency Profile:
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Figure 122: Frequency variation during parallel operation of pumps 2,3,4
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The frequency was found to vary between 49.9 and 50.1 Hz.
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Figure 123: Variation of THD in current during parallel operation of pumps 2,3,4

The current THD was observed to be around 1%.

Total Harmonics distortion - Voltage:
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Figure 124: Variation in THD - voltage during parallel operation of pumps 2,3,4

e Thevoltage THD was found to be less than 1%.

Transformer loading:

Figure 125: Transformer loadingduring parallel operation of pumps 2,3,4
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Figure 126: Transformer loadingduring parallel operation of pumps 1,3,4
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o During both the pump operating combinations (pumps 2,3,4 and pumps 1,3,4), the transformer loading
was observed to be in the 60-65% range.

4.11.6 Pumping Station System Mapping

|
! PUMPIS: PUNPE4:  PUMPRER  PUMP#Z:  PUNEJI: } LEGEND
: F=300  F=B40  F=300  F=1B0  F=16D !
| H=35 H=1 H=15 H=35 H=3% 1 SLUICE walvE [
| W=7 M= =37 M=Z15  W=Zll i
| . — - - e | BUTTERFLY VALVE =i
: = " ‘r3 r [ :
| s - ma bt | KOM RETURN VALVE IrJF
: iﬁé iE EEE i§ J_E | REDUCER CONCENTRIC —[_
L CONC I =
| = == = ? |
. XE X§ XE L. t . : e
i l J —Zl' b 2 | REQUCER ECENTRC :
I . I =
| xXg X £ 5 3 || BoRrE waL ®
I = I
! g ‘{ : DR4 FLOW WETER [Fid
| L] -'i i T T T T
= |
]

=
TCI\.' DIRECT SUPPLY
00

CFERATEON COSDMOK; ma
UNDER MAINTENSNCE:

TEE JOINT TEE JOMT TEE JUMT
LR P RN A250x300 02 50x300

Figure 127P & 1D diagram for Suryanagar ZPS

4.11.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB

Table 79: General details of Suryanagar ZPS

Data Value / Details

Name of site Suryanagar ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP) Zonal Pumping station/Water distribution station
Pumps installed 5

No. of pumps in operation 4

No. of pumps under maintenance 1

Other Details

Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Suryanagar ZPS to showcase the actual situation are provided below.
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View of pump house Pumpsinstalled

Figure 128: Photographs of Suryanagar ZPS

The performance eval uation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 80: Performance Evaluation of pumpsat Suryanagar ZPS

Unit Surya Surya Surya Surya Nagar
Nagar ZPS Nagar ZPS Nagar ZPS ZPS
Parameters Pump-1 Pump-2 Pump-3 Pump-4
Pump make Jyoti Jyoti Jyoti Fairbanks
Motor make Jyoti Jyoti Jyoti Kirloskar
Pump type VT VT VT VT
M°t°nrose”a' M09991602 | M09991600 | M09991577 | 23704038-1
P”mﬁose”a' NA NA NA 99.11.01.218
Rated flow m3/h 180 180 300 840
Rated head m 35 35 35 30
Rated motor kw 21.5 215 37 110
Parameters
measured
Total suction m -3.42 -1.89 22,02 -3.48
head ) ) ) )
Total
discharge m 9 9 9 18
head
Average flow | 5, 110.53 135.73 296.90 1132.33
delivered
Motor input KW 14.19 21.03 35.82 121.00
power
Frequency Hz 50.19 50.09 50.04 50.01
Speed RPM 1484.33 1474.00 1485.33 1483.67
Performance
evaluation
Observed m 12.42 10.89 11.02 21.48
head m
Head % 35% 31% 31% 72%
utilization
AL R
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Surya Surya Surya Surya Nagar
Nagar ZPS Nagar ZPS Nagar ZPS ZPS
Parameters Pump-1 Pump-2 Pump-3 Pump-4
Flow % 61% 75% 99% 135%
utilization
Hydraulic kW 3.74 4.02 8.91 66.25
power
Motor input KW 14.19 21.03 35.82 121.00
power
Calculated
pumpset 26.34% 19.14% 24.88% 54.75%
efficiency
Rated motor
- 90.0% 90.0% 91.0% 93.0%
efficiency
Calculated
pump 29.27% 21.27% 27.34% 58.87%
efficiency
Specific
energy kWh/m3 0.128 0.155 0.121 0.107
consumption

Table 81: Parallel pumping at Suryanagar ZPS

Location

Parameters measured

Total suction head m -2.12 -2.29
Total discharge head m 9.333333 10
Total flow m3/h 1315.67 | 1286.33
Motor input power kw 167.71 161.17
Performance evaluation
Total head developed m 11.45 12.29
Head utilization 33% 35%
Flow utilization 100% 97%
Hydraulic power developed by KW 41.04 43.04
pump
Motor input kW kw 167.71 161.17
Calculated overall efficiency 24.47% | 26.71%
Motor efficiency 90.00% | 90.00%
Calculated pump efficiency 27.19% | 29.67%
Specific energy consumption kWh/m3 | 127.47 125.29

Key Observations:

e Pump no. 5 was in breakdown condition.

much higher compared to pumps 1, 2 and 3.
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Pump set efficiencies of pumps 1, 2 and 3 were observed to be quite poor at 26.34%, 19.14% and

24.88%. All of them were found to be operating significantly below their rated head.
Pump set efficiency of pump no. 4 was found to be 54.75%, and the operating head of the pump was
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e In paralel pumping, the combinations of pumps 1,3,4 and pumps 2,3,4 were found to give low
combined efficiencies around 24-26%, operating significantly below the rated head of the pumps.

4.11.8 Aucxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 82: Other auxiliary equipment at Suryanagar ZPS - Transformer & Instrumentation

Transformers details

Number of Transformers One

Capacity (kVA) 315 kVA

Primary/Secondary voltages 11 kV/433 V

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 83: Other electrical equipment at Suryanagar ZPS - Lighting

0 g deta pe of lamp 0.0 0 Ra 0 Average Opera g ho
per da
Tubelight 6 0.04 12
Tubelight 6 0.036 12
Suryanagar CFL 5 0.085 12
ZPS Sodium vapour 5 0.15 12
Metal Halide 1 0.25 12

Table 84: Other electrical equipment at Suryanagar ZPS— Auxiliary pumps and others

Others Type of Equipment | No. of Rating (kW) | Average Operating
fittings hours per day

Aucxiliary Exhaust fan 2 0.085 10
Pumps and
Other loads

Ceiling fan 8 0.07 8

Cooler 7 0.035 8

Computer 1 0.08 8

4.11.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Suryanagar ZPS is provided in below table.

Table 85: Estimated annual energy consumption and water supply for Suryanagar ZPS

g § e 3“2\?{{ = T
B A\N_\ @. h
AGRA NAGAR NIGAM

Sm art city Atal Mission for Rejuvenation

and Urban Transformation




Estimated
annual
power

consumption
(kwWh/annum)

Weighted
average
power
consumption
(kw)

Annual
operating
hours
(hour/annum)

Operating

name of section Pattern

Surya Nagar ZPS | Pump-1 1,3&4 or 392 14.19 5,565
Surya Nagar ZPS | Pump-2 pi'riﬁ; 'f’;r 549 21.03 11,543
Surya Nagar ZPS | Pump-3 direct 510 35.82 18,260
Surya Nagar ZPS | Pump-4 distribution 930 121.00 112,565
Total 2,381 192.04 147,933

4.12 Mathura Road ZPS

4.12.1 Overview of existing systems

Mathura Road ZPS receives clear water from the Sikandra WTP. Four pumps are installed here, of which
three are operated. Water is pumped directly into distribution network.
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Figure 129: Plant Layout for Mathura Road ZPS
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4.12.2 Electricity Supply

Mathura Road ZPS receives supply at 11 kV from Torrent Power. Thisis stepped down to 415V viaa 630
kV A transformer to feed the motors.

Figure 130Single line diagram for the M athura Road ZPS
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4.12.3 Tariff Structure

Theelectrical connection for Mathura Road ZPS is provided by Torrent Power. The connection is covered
inthe LMV-7 tariff category of DVVNL.

Table 86: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Mathura Road |
Energy Meter (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)
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4.12.4 Electricity Bill Analysis

During energy audit, electricity bill data was collected from the ULB. Details of annual electricity
consumption, annual electricity cost of last 3 years along with percentage increase over previous year are
provided in the table below.

Table 87: Energy cost and ener gy consumption detail for M athura Road ZPS

Percentage Increase
Energy

Period of energy

bill

consumption
(kWhly)

of energy
consumption over
previous year (%)

Energy cost
(Rs.ly)

Apr-14 to Mar-15 142,766 2,154,764
Apr-15 to Mar-16 161,926 13.4% 2,226,949
Apr-16 to Mar-17 139,480 -13.9% 1,979,458

The power factor recorded on the incomer was found to be low, around 0.76-0.77. The billing is kVAh-
based, hence improving the power factor will result in reduced kVAh consumption for same kWh
requirement, thus leading to reduction in monthly bill amount.

The recorded demand has been observed to consistently exceed the contract demand throughout 2016-17.
As aresult of this, ' Excess demand charges have been levied in addition to the normal demand charges
every month.

Figure 131: Monthly electricity consumption and electricity bill for Mathura Road ZPS
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4.12.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Details about transformers installed at Mathura Road ZPS is provided
in below table.

N

Atal Mission for Rejuvenation T IR R
and Urban Transformation AGRA NAGAR NIGAM

Smart City




Table 88: Details of Transformers

Main Incomers Details of Transformer Connected load

Main Incomer Transformer-1 630 kVA, 11/0.433 kV) All pump sets

Voltage Profile:
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Figure 132: Voltage Variation of Transfor mer-1

e Thevoltage was found be fairly consistent around 437-439V.
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Figure 133: Power consumption variation at Transfor mer-1

e During parallel operation of three pumps, power consumption was found to be around the 90-95 kW
range.
o The apparent power was found to be around 120 kVA.
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Figure 134 Power factor variation profile on Transfor mer-1

e The power factor measured on main incomer was found to be low, around 0.76-0.77.
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Figure 135: Frequency variation on Transfor mer-1

o Thefrequency was found to vary between 49.95 and 50.1 Hz.
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Figure 136: Variation of THD in current on Transformer-1

e Thecurrent THD was observed to be around 1.3-2%.
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Figure 137: Variation in THD - voltage on Transformer-1

e Thevoltage THD was observed to be around 0.8-1.2%.

Transformer loading:

A 630 kVA transformer isinstalled at Mathura Road ZPS.Transformer loading was calculated based on
the recorded kV A at the transformer LT side.

Table 89: Transfor mer loading analysis

Transformer Loading (%)
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e Thetransformer loading isfound to be quite low, around 19-20%.

4.12.6 Pumping Station System Mapping
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Figure 138: P & ID diagram for Mathura Road ZPS

4.12.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:
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System mapping including collection of inventories, name plate details
M easurements of flow, head and power input to motor

Interaction with the site personnel on the operating practices
Verification of Job card by the authorized representative of ULB

Table 90: General details of Mathura Road ZPS

Data Value / Details |
Name of site Mathura Road ZPS
Name of Sub-section -

Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station

Pumps installed 4
No. of pumps in operation 3
No. of pumps under maintenance 1

Other Details
Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No
Photographs captured at Mathura Road ZPS to showcase the actual situation are provided bel ow.

View of pump house Pumpsinstalled

Figure 139: Photographs of M athura Road ZPS

The performance eval uation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 91: Performance Evaluation of pumps at Mathura Road ZPS

Mathura Mathura Mathura

Road ZPS Road ZPS Road ZPS
Parameters Pump-2 Pump-3 Pump-4
Pump make Jyoti Jyoti Jyoti
Motor make Jyoti Jyoti Jyoti
Pump type VT VT VT
MOtogose“a' M09991576 | M09991586 | M09991589
Pump serial NA NA NA
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Mathura

Mathura Mathura

Unit  RoadzPS  RoadZPS  Road ZPS
Parameters Pump-2 Pump-3 Pump-4
Rated flow m3/h 300 300 300
Rated head m 35 35 35
Rated motor kwW 37 37 37
Parameters
measured
Total suction |, 434 5.19 -3.60
head
Total
discharge m 12 10 11
head
Average flow | 5, 408.10 149.80 336.27
delivered
Motor input
power kw 41.38 27.60 33.85
Frequency Hz 50.07 50.09 50.04
Speed RPM 1475.00 1478.00 1472.67
Performance
evaluation
Total head
developed m 16.34 15.19 14.60
Head % 47% 43% 42%
utilization
Flow
utilization % 136% 50% 112%
Hydraulic
power kW kw 18.16 6.20 13.37
Motor input |y, 41.38 27.60 33.85
power
Calculated
pumpset % 43.87% 22.45% 39.51%
efficiency
Rated motor 0 0 0 0
efficiency ) 91% 91% 91%
Calculated
pump % 48.21% 24.67% 43.41%
efficiency
Specific
energy kWh/m?3 0.101 0.184 0.101
consumption

Table 92: Paralld pumping at Mathura Road ZPS

Location

Parameters measured
Total suction head

Mathura
Road
ZPS

2,3,4
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Total discharge head m 10
Total flow m3/h 973.80
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Mathura
Location Unit Road
ZPS

Parameters measured 2,3,4

Performance evaluation

Total head developed m 14.40

Head utilization % 41%

Flow utilization % 78%

Hydraulic power developed by KW 38.20

pump

Motor input KW kw 83.03
Calculated overall efficiency % 46.00%

Motor efficiency % 91%
Calculated pump efficiency % 50.55%

Specific energy consumption kWh/m3 | 85.27

Key Observations:

e Pump no. 1 has been discarded.

o Pump set efficiencies of pumps 2,3 and 4 were found to be 43.87%, 22.45% and 39.51% respectively.
All three were operating below their rated head. With all three running in parallel, the combined
efficiency was found to be 46%, with the operating head still significantly below the rated head of the
pumps.

e NRVsof al pumps are not in working condition.

o Heavy leakage was observed from the common outlet.

4.12.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 93: Other auxiliary equipment at Mathura Road ZPS - Transformer & Instrumentation

Paramete Deta
Transformers details

Number of Transformers One

Capacity (kVA) 630 kVA

Primary/Secondary voltages 11 kVv/433 V

Instrumentation at site ‘
Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)
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Table 94: Other electrical equipment at Mathura Road ZPS - Lighting

Lighting Type of lamp | No. of Rating | Average
details fittings | (kW) Operating

hours

per day
Mathura HPSV 4 0.25 12

Road

Metal Halide 1 0.25 12
Metal Halide 3 0.15 12

4.12.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Mathura Road ZPS is provided in below table.

Table 95: Estimated energy consumption for Mathura Road ZPS

Weighted Estimated
Annual
. . average annual
' Operating operating
name of section  Name of pump power power
Pattern hours : .
(hour/annum) consumption consumption
(kW) (kwWh/annum)
Mathura Road ZPS | Pump-2 2'3|’|4|i? 1,076 41.38 44,532
arallel for
Mathura Road ZPS | Pump-3 P direct 726 27.60 20,033
Mathura Road ZPS | Pump-4 distribution. 1,076 33.85 36,425
Total 2,878 102.83 100,990

4.13 Trans Yamuna ZPS
4.13.1 Overview of existing systems

Trans Yamuna ZPS receives treated water from Jeoni Mandi WTP. Water is pumped directly into
distribution for supply to Trans Y amuna phase-2 area. Two pumps are installed here, of which one has not
been in operation for several months.
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Figure 140: Plant Layout for TransYamuna ZPS

4.13.2 Electricity Supply

Trans Y amuna receives supply at 440V from Torrent Power,

Smart City
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Figure 141 Singleline diagram for the Trans Yamuna ZPS
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4.13.3 Tariff Structure

Theelectrical connection for Trans Y amuna ZPSis provided by Torrent Power. The connection is covered
inthe LMV-7 tariff category of DVVNL.

Table 96: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Trans Yamuna \

Energy Meter (LT)

Meter serial number NA

Power supply 11 kV line
Energy charges Rs. 7.155 Per kVAh
Fixed/demand charge Rs. 290/kwW
(Basis : DVVNL Tariff Order for FY 2016-17)

4.13.4 Electricity Bill Analysis

During energy audit, electricity bill data was collected from the ULB. Details of annual electricity
consumption, annual electricity cost of last 3 years along with percentage increase over previous year are
provided in the table below.

Table 97: Energy cost and ener gy consumption detail for Trans Yamuna ZPS

Percentage Increase

Energy of energy

consumption

Period of energy

Energy cost

o]l

(KVAH/y)

consumption over
previous year (%)

(Rs.ly)

Apr-14 to Mar-15 25,735 297,926
Apr-15 to Mar-16 27,153 5.5% 330,340
Apr-16 to Mar-17 25,698 -5.4% 399,818

The power factor recorded on the incomer was observed to be around 0.88. As the billing is kV Ah-based,

improving the power factor will reduce the electricity bill amount paid every month.

Figure 142: Monthly electricity consumption and electricity bill for TransYamuna ZPS
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4.13.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on main LT incomer of pump house. The
recorded parameters are given below:

Voltage Profile:.

Voltage (V)
420.00

415.00

410.00 /_\’\v//\_———
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Voltage

405.00

Figure 143: Voltage Variation at Trans Yamuna ZPS

e Thevoltage was found to vary between 406 and 414V.

Power consumption and Apparent power Profile:
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Figure 144: Power consumption variation at TransYamuna ZPS

e The power consumption was observed to be around 35 kW, corresponding to operation of the pump
having motor rated 37 kW.

e The apparent power was found to be around 39 kVA.

Power factor profile
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Figure 145: Power factor variation profileat TransYamuna ZPS

The power factor was observed to be around 0.88.

Frequency Profile:.
Frequency Variation
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Figure 146: Frequency variation at Trans Yamuna ZPS
e Thefreguency was found to vary between 49.85-50.05 Hz.
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Figure 147: Variation of THD in current at Trans Yamuna ZPS

Current THD was found to be around 1.5-2%.
Total Harmonics distortion - Voltage:
%
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Figure 148: Variation in THD - voltage at Trans Yamuna ZPS
e Voltage THD was observed to beless than 1%.

4.13.6 Pumping Station System Mapping

P1 P2
F. N =y
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Figure 149: P & ID diagram for TransYamuna ZPS

4.13.7 Pumps Performance Evaluation

As per the methodology described in section — 1,4, the team had collected detailed information from the

pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

e Interaction with the site personnel on the operating practices

e Verification of Job card by the authorized representative of ULB

Table 98: General detailsof TransYamuna ZPS

Data Value / Details
Name of site Trans Yamuna ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station

Pumps installed 2
No. of pumps in operation 2
No. of pumps under maintenance 0

Other Details
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Data Value / Details

Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Trans Y amuna ZPS to showcase the actual situation are provided below.

View of pump house | Pumpsinstalled

Figure 150: Photographs of Trans Yamuna ZPS

The performance eval uation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 99: Performance Evaluation of pumpsat Trans Yamuna ZPS

Unit Trans Yamuna Trans
VAR Yamuna ZPS
Parameters Pump-1 Pump-2
Pump make Kirloskar Jyoti
Motor make Jyoti NA
Pump type VT VT
Motor serial no. M05150064 2800657-1
Pump serial no. BHR-3 250T2B401
Rated flow ms/h 300 150
Rated head m 32 30
Rated motor kw 37 17

Parameters measured

Total suction head m -2.77 -3.37
Total discharge head m 6.6 2
Average flow delivered m3/h 366.83 179.33
Motor input power kw 35.17 14.48
Frequency Hz 49.97 49.97
Speed RPM 1474.33 1468.33

Performance evaluation
31l s -
NN @ ‘EésL
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Trans Yamuna Trans

onit ZPS Yamuna ZPS
Parameters Pump-1 Pump-2
Total head developed m 9.43 5.37
Head utilization % 29% 18%
Flow utilization % 122% 120%
Hydraulic power kW kw 9.42 2.62
Motor input power kw 35.17 14.48
Calculated pumpset % 26.79% 18.10%
efficiency
Rated motor efficiency % 91.0% 90%
Calculated pump % 29.44% 20.11%
efficiency
Specific energy KWh/m? 0.096 0.081
consumption

Key Observations:

¢ Pump no. 2 was not in operation for several months at the time of audit.

e Pumps 1 and 2 were found to be operating at pump set efficiencies of 26.79% and 18.1%
respectively.Operating head of both pumpswas found to be significantly lessthan the rated head, while
discharge was found to be higher than rated discharge.

4.13.8 Auxiliaries In Pumping Stations

Table 100: Other auxiliary equipment at Trans Yamuna ZPS - Transformer & Instrumentation

Paramete Deta
Transformers details
Number of Transformers 0
Capacity (kVA)

Primary/Secondary voltages

Instrumentation at site |

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

No other auxiliary loads areinstalled at Trans Y amuna.

4.13.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Trans Yamuna ZPSis provided in below table.
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Table 101: Estimated energy consumption for TransYamuna ZPS

Annual Weighted Estimated
- Operating operating average annual
name of section Name of pump power power
Pattern hours . _
(hour/annum) consumption consumption
(kW) (kWh/annum)
Trans Yamuna ZPS | Pump-1 Only no. 1 913 35.17 32096
Trans Yamuna ZPS Pump-2 operates. 0 14.48 0

4.14 Lawyers Colony ZPS
4.14.1 Overview of existing systems

Lawyers' Colony ZPS receives clear water from Sikandra WTP. Water is pumped from here to Lawyers
Colony areaand to Dayal Bagh ESR through separate sets of (1W+1SB) pumps and dedicated pipe lines.

= TUHDAYA[BAG ESR
- ) [ g
1/L | 4500
e .
=TT
k TO LAWYERS
SUMP i :
COLONY ESR
4
N S W
i
OPERATOR = /20 /23 /33 (ay |
ROOM ¢l &g &y @& |§
PUMP HOUSE i
LT LT
ROOM | ROOM

Figure 151 Plant Layout for Lawyers Colony ZPS

4.14.2 Electricity Supply

Lawyers Colony ZPS receives power supply at 440V from Torrent Power.
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Figure 152 Singleline diagram for the Lawyers Colony ZPS

4.14.3 Tariff Structure

The electrical connection for Lawyers Colony ZPS is provided by Torrent Power. The connection is

covered in the LMV-7 tariff category of DVVNL.

Table 102: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Lawyers Colony
Energy Meter (LT)

Meter serial number ' NA

Power supply 0.44 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.14.4 Electricity Bill Analysis

During energy audit, electricity bill data was collected from the ULB. Details of annual e ectricity
consumption, annual electricity cost of last 3 years along with percentage increase over previous year are

provided in the table below.

NNG

S mart C ity Atal Mission for Rejuvenation \ ¥

and Urban Transformation

HPRT IR R
AGRA NAGAR NIGAM



Table 103: Energy cost and energy consumption detail for Lawyers Colony ZPS

Percentage Increase

Period of energy Energy . of energy Energy cost
. consumption .
bill (kWhiy) consumption over (Rs.ly)
y previous year (%)
Apr-14 to Mar-15 235,975 2,304,019
Apr-15 to Mar-16 228,024 -3.4% 2,380,794
Apr-16 to Mar-17 228,386 0.2% 2,595,256

The power factor recorded on the incomer was found to be around 0.84. As the billing is kV Ah-based,
improving the power factor will lead to reduction in bill amount paid every month.

Figure 153: Monthly electricity consumption and electricity bill for Lawyers Colony ZPS
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4.14.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed onL T incomer for recording variation of
electrical parameters. The recorded parameters are given below.

Voltage Profile:

Voltage (V)
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(O]
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Figure 154: Voltage Variation at Lawyers Colony ZPS
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The recorded voltage was found to vary between 423 and 430V.

Power consumption and Apparent power Profile:

100.00

80.00

60.00

e K\ A

40.00
e KW

20.00

0.00

@@@@@@@@@@@@@@@@@@@@@@

0° 0° 0° 00 0° 0° 00 Q° 0° S .00 .0° .0° S S .0° .0° .Q° $
&’0 °>° AR 6;‘° ¢§b NN 0“‘ Q‘° Na NV AT NOT KDY ADT AV AXT 9T AT oS
DU " RO U RS DAL S DL S D o0 ") L R R S D S S S R S R S DA SRR S U o

Figure 155: Power consumption variation at Lawyers Colony ZPS

The power consumption during parallel operation of two pumps was found to be around 65-70 kW.
The apparent power during parallel operation of two pumps was found to be around 78-83 kVA.

Power factor profile
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Figure 156: Power factor variation profileat Lawyers Colony ZPS

The power factor was found to be in the 0.835-0.845 range.

Frequency Profile:
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Figure 157: Frequency variation at Lawyers Colony ZPS

The frequency was found to vary between 49.95 and 50.11 Hz.

Total Harmonics distortion (THD) - Current:
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Figure 158Variation of THD in current at Lawyers Colony ZPS

The current THD was found to be around 1.7-2.4%.

Total Harmonics distortion - Voltage:
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Figure 159: Variation in THD - voltage at L awyers Colony ZPS

The voltage THD was found to be close to 1%.
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4.14.6 Pumping Station System Mapping
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Figure 160: P & ID diagram for Lawyers Colony ZPS

4.14.7 Pumps Performance Evaluation

As per the methodology described in section — 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

e Vaerification of Job card by the authorized representative of ULB

Table 104: General details of Lawyers Colony ZPS

Data Value / Details
Name of site Lawyers Colony ZPS
Name of Sub-section -
Classification (WTP,PS, SPS, STP) Zonal Pumping station/Water distribution station

Pumps installed 4
No. of pumps in operation 3
No. of pumps under maintenance 1
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Data Value / Details

Other Details
Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Lawyers Colony ZPS to showcase the actua situation are provided below.

View of pump house Pumpsinstalled

Figure 161: Photographs of Lawyers Colony ZPS

The performance eval uation of the pumps was done based on the measurement done during energy audit.
Results of performance evaluation of pumps are given below.

Table 105: Performance Evaluation of pumpsat Lawyers Colony ZPS

Lawyer's Lawyer's Lawyer's
Colony ZPS Colony ZPS Colony ZPS

Pump-1( Pump-2( Pump-1(
Parameters Lawyer's Lawyer's Dayal Bagh
(60](6]4)")] (60](6]4)")] ESR)
Pump make Flowmore Flowmore WPIL
Motor make Jyoti Jyoti Jyoti
Pump type VT VT VT
Motor serial no. M1991899 M11991910 M03091440
Pump serial no. 634016999-F | 634020999-F NA
Rated flow ms3/h 270 270 240
Rated head m 34 34 40
Rated motor kw 37 37 37
measured
Total suction head m -2.47 -2.01 -4.31
Total rgi(l;\(ijharge m 26 26 19
Average flow ma/h 232.07 118.73 165.30
Motor input power kw 34.77 35.22 20.21
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Lawyer's Lawyer's Lawyer's
Colony ZPS Colony ZPS Colony ZPS
Pump-1( Pump-2( Pump-1(
Parameters Lawyer's Lawyer's Dayal Bagh
Colony) Colony) ESR)
Frequency Hz 48.68 49.96 49.96
Speed RPM 1474.67 1477.67 1476.00
Performance
evaluation
Total head m 28.47 28.01 23.31
developed
Head utilization % 84% 82% 58%
Flow utilization % 86% 44% 69%
Hydraulic power 17.99 9.06 10.49
kW
Motor input power kw 34.77 35.22 20.21
Calculated o o o
pumpset efficiency 51.75% 25.71% 51.91%
Rated motor o 0 0
efficiency 91.0% 91.0% 91.0%
Calculated pump 56.87% 28.26% 57.04%
efficiency
Specific energy 3
consumption kWh/m 0.150 0.297 0.122

Table 106: Parallel pumping at Lawyers Colony ZPS

Smart City

Lawyer's
Location Unit Colony
ZPS
Parameters measured 1,2
Total suction head m -3.37
Total discharge head m 27
Total flow ms3/h 398.33
Motor input power kw 65.12
Total head developed m 30.37
Head utilization 89%
Flow utilization 74%
Eigg]rsulic power developed by KW 3295
Motor input kW kw 65.12
Calculated overall efficiency 50.60%
Motor efficiency 91.00%
Calculated pump efficiency 55.60%
Specific energy consumption kWh/m3 | 163.48
VA @
Atal Mission for Rejuvenation HTIRT 7-|'¢'IT itrir:d

and Urban Transformation

AGRA NAGAR NIGAM




Key Observations:

o Two dedicated pumps each and dedicated pipelines are provided for supply to Lawyers’ Colony and
Dayal Bagh.

e Pump no. 2 for Dayal Bagh supply was not in operation.

o Pump set efficiencies for pumps 1 and 2 for Lawyers Colony were found to be 51.75% and 25.71%
respectively, and both head and discharge of both the pumps were found to be less than the rated
values. During parallel operation of these two pumps, the combined efficiency was 50.6% and both
pumps were operating closer to the rated head.

o The pump set efficiency of pump-1 for Dayal Bagh ESR was found to be 51.91%, and the pump was
operating significantly below its rated head.

e NRV of both pumps for Lawyer’s colony ESR is not working.

4.14.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were aso studied and details of same
is provided below.

Table 107: Other auxiliary equipment at Lwyers Colony ZPS - Transformer & Instrumentation

Paramete Deta
Transformers details
Number of Transformers 0
Capacity (kVA)

Primary/Secondary voltages

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 108: Other electrical equipment at L awyer’s Colony ZPS - Lighting

Lighting Type of No. of Rating | Average
details lamp fittings | (kW) Operating
hours
per day
Lawyers
Colony Tubelight L 0.04 8
Metal Halide 1 0.25 8

Table 109: Other electrical equipment at Lawyer’s Colony ZPS — auxiliary pumps and other loads

Others Type of No. of Rating | Average
Equipment | fittings | (kW) Operating

hours

per day

Auxiliary pumps and other
loads Stand Fan

LN
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4.14.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Lawyers Colony ZPS s provided in below table.

Table 110: Estimated annual energy consumption and water supply for Lawyers Colony ZPS

Estimated
Annual Weighted annual
Operatin | operating average power
name of section Name of pump g hours power consumpti
Pattern | (hour/annu consumpti on
m) on (kW) (kWh/annu
m)
Lawyer's Colon Pump-1( Lawyer's 2in
pS y ColorF:y)( W parele 3,912 34.77 136,019
' ' or
;?,V;yers Colony Eﬁ?&ﬁﬁ( Lawyers Lawyers' 3,914 35.22 137,864
Colony,
pump 1
Lawyer's Colony Pump-1( Dayal Bagh for Dayal 596 20.21 12,051
ZPS ESR) bagh
Total 8422 90.2 285934

4.15 Nirbhay Nagar ZPS
4.15.1 Overview of existing systems
Nirbhay Nagar ZPS receives treated water from Sikandra WTP. Two pumps are installed here and they are

runin paraled. Water is supplied directly into distribution network. ESR has been constructed but isnhot in
use.
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Figure 162: Plant Layout for Nirbhay Nagar ZPS
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4.15.2 Electricity Supply

Nirbhay Nagar receives supply at 440V from Torrent Power.

440 V Supply

] Metering |

35120 sqgmum o |
Alu. Condr. Arm. Cable.

= SFU
200A

)MCC‘B
T 200A

-
’)MCCB )I\EC‘CB )MCCB MCCB
,/100A o/ 100A 100A 100A

[-

3.5x50 sq.mm
Alu. Condr. Arm. Cable

[ ATs ] [ ATs ]

Spare
3.5x50 sq.mm e

Alu. Condr. Arm. Cable

35 HP 35 HP

Figure 163: Single line diagram for the Nirbhay Nagar ZPS

4.15.3 Tariff Structure

The electrical connection for Nirbhay Nagar ZPSis provided by Torrent Power. The connection is covered
inthe LMV-7 tariff category of DVVNL.

Table 111: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description NN EVANETET

Energy Meter (LT) |

Meter serial number NA

Power supply 11 kV line
Energy charges Rs. 7.155 Per kVAh
Fixed/demand charge Rs. 290/kW
(Basis : DVVNL Tariff Order for FY 2016-17)

4.15.4 Electricity Bill Analysis

Table 112: Energy cost and energy consumption detail for Nirbhay Nagar ZPS

Percentage Increase

Period of energy Energy . of energy Energy cost
. consumption .
bill (KVAHIY) consumption over (Rs.ly)
y previous year (%)
Apr-14 to mar-15 Not available Not available
Apr-15 to Mar-16 14,719 319,670
Apr-16 to Mar-17 11,241 -23.6% 342,241
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The power factor recorded on the incomer was observed to be around 0.857-0.875. Asthe billing iskVAh-

based, improving the power factor will lead to reduction in electricity bill amount paid every month.

4.15.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer wasinstalled on main LT incomer for recording variation

of electrical parameters. The recorded parameters are as given below.

Voltage Profile:.

Voltage (V)

410.0

405.0 \\____\
400.0

()]
0]
© \
= I —
390.0
385-0 T T T T T T T T T T T 1

6:45:00 6:50:00 6:55:00 7:00:00 7:05:00 7:10:00 7:15:00 7:20:00 7:25:00 7:30:00 7:35:00 7:40:00
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Figure 164: Voltage Variation at Nirbhay Nagar

¢ Thevoltage was found to vary between 392 and 408V.

Power consumption and Apparent power Profile:

70.00
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| SN\
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Figure 165: Power consumption variation at Nirbhay Nagar

e Power consumption during operation of two pumps was found to be around 50-55 kW. After tripping
of one pump around 7:20, only one pump was in operation and power consumption was found to be

around 26 kKW.

o Apparent power was found to be around 59-61 kVA during operation of two pumps and around 30

kV A during operation of single pump.
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Power factor profile

Power Factor
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Figure 166 Power factor variation profile at Nirbhay Nagar

e Power factor wasfound to vary between 0.857 and 0.875, and was found to improve marginally during
operation of single pump.

Frequency Profile:

During energy audit, frequency was recorded for 24 hours at the transformer secondary side at the main LT panel of
the Transformer. Variation in frequency for the recorded 24 hour period is provided in figure 10

Frequency Variation
50.1

NN S~
SN— ~

49.95

49.9 T T T T T T T T . . . )
6:45:00 6:50:00 6:55:00 7:00:00 7:05:00 7:10:00 7:15:00 7:20:00 7:25:00 7:30:00 7:35:00 7:40:00
PM PM PM PM PM PM PM PM PM PM PM PM

Figure 167: Frequency variation at Nirbhay Nagar

o Frequency was observed to vary between 49.96 and 50.07 Hz.
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Total Harmonics distortion (THD) - Current:

Current THD
2.5

2 .

- 2 \ M —_—

€ 15

[

£ 1

S

: 0.5

° O T T T T T T T T T T T
6:45:00 6:50:00 6:55:00 7:00:00 7:05:00 7:10:00 7:15:00 7:20:00 7:25:00 7:30:00 7:35:00 7:40:00
PM PM PM PM PM PM PM PM PM PM PM PM

Figure 168: Variation of THD in current at Nirbhay Nagar

e Thecurrent THD was observed to be around 1.5-2%.

Total Harmonics distortion - Voltage:

Voltage THD
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Figure 169: Variation in THD - voltage at Nirbhay Nagar

o Thevoltage THD was found to be less than 1%.
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4.15.6 Pumping Station System Mapping

TO DIRECT LEGEND:
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Figure 170: P & ID diagram for Nirbhay Nagar ZPS

4.15.7 Pumps Performance Evaluation

As per the methodology described in section -1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB

Table 113: General details of Nirbhay Nagar ZPS

Data Value / Details

Name of site Nirbhay Nagar ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station
Pumps installed 2

No. of pumps in operation 2

No. of pumps under maintenance 0

Other Details

Basis of pump operation Inlet supply from WTP

VFD installed (Yes/No) No
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Photographs captured at Nirbhaynagar ZPS to showcase the actual situation are provided below.

View of pump house

Pumpsinstalled

Figure 171: Photographs of Nirbhay Nagar ZPS

The performance evaluation of the pumps was done based on the measurement done during energy audit.

Results of performance evaluation of pumps are given below.

Table 114: Performance Evaluation of pumpsat Nirbhay Nagar ZPS

Smart City

Unit Nirbhay Nirbhay Nagar
Nagar ZPS ZPS
Parameters Pump-1 Pump-2
Pump make WPIL WPIL
Motor make Jyoti Jyoti
Pump type VT VT
Motor serial no. M0592 NA
Pump serial no. 1A4-341 IA4-341
Rated flow ms/h 198 198
Rated head m 34.4 34.4
Rated motor kw 26 26

Parameters
measured
m

Total head

Total suction head -1.85 -3.32
Total discharge m 27 o8
head
Average flow 3
delivered m3/h 223.60 198.60
Motor input power kw 27.67 21.11
Frequency Hz 50.02 50.08
Speed RPM 1478.33 1478.33

Performance
evaluation

developed m 31.32
Head utilization % 91%
Flow utilization % 100%
L @
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Nirbhay Nirbhay Nagar
Nagar ZPS ZPS
Parameters Pump-1 Pump-2
Hydraulic power kw 17.57 16.94
Motor input power kw 27.67 21.11
Calculated 63.50% 80.25%
pumpset efficiency ' '
Rated motor o 0
efficiency 91.0% 91.0%
Calculated pump o o
efficiency 69.78% 88.18%
Specific energy | yyypims | 0.124 0.106
consumption ' '

Table 115: Parallel pumping at Nirbhay Nagar ZPS

Location

Parameters measured

Nirbhay
Nagar
ZPS

1,2

Total suction head m -2.75
Total discharge head m 27

Total flow m3/h 256.47

Motor input power kw 35.47

Total head developed m 29.75

Head utilization 86%

Flow utilization 65%
Hydraulic power developed by KW 20.78

pump

Motor input kW kw 35.47
Calculated overall efficiency 58.58%
Motor efficiency 91.00%
Calculated pump efficiency 64.37%
Specific energy consumption kwWh/m3 | 138.30

Key Observations:

o Pumps 1 and 2 were operating at pump set efficiencies of 63.5% and 80.25%. Operating head of both
pumps was found to be higher than 80% of the rated head.

e SLV of both pumps were in good working condition but were reported to have minor jamming
problem.NRV of pump no. 1 was not in working condition.

4.15.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.
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Table 116: Other auxiliary equipment at Nirbhay Nagar ZPS - Transformer & Instrumentation

Paramete Deta
Transformers details

Number of Transformers 0
Capacity (kVA)

Primary/Secondary voltages

Instrumentation at site ‘

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table117: Other electrical equipment at Nirbhay Nagar ZPS - lighting

Average
Lighting No.of = Rating @ Operating
details | 1YPeoflamp | giings | kw) | hours
per day
N,\'lr;l’;:ry Tubelight 3 0.036 12
Metal Halide 3 0.15 12

4.15.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Nirbhay Nagar ZPS is provided in below table.

Table 118: Estimated energy consumption for Nirbhay Nagar ZPS

Weighted Estimated
Name of | Operatin Annual average annual
Name of section um Featterng operating hours power power
pump (hour/annum)  consumption consumption
(W) (kWh/annum)
Nirbhay Nagar ZPS Pump-1 Both in 558 27.67 15,439
Nirbhay Nagar ZPS Pump-2 parallel 557 21.11 11,760
Total 1,115 48.78 27,199
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4.16 Lohamandi ZPS
4.16.1 Overview of existing systems

Lohamandi Zonal Pumping Station receives clear water from the Sikandra WTP. Water is pumped from
hereinto distribution as well asfor ESR filling.

4.16.2 Electricity Supply

Lohamandi ZPS receives supply at 11 kV from Torrent Power. Thisis stepped down via a transformer to
440V for feeding the motors.

11 KV Supply

3xT0 sqgmm
Aln Condr. Arm Cable

2(3.5x300) sq.mm
Al Condr Arm Cable

352400 sq mm
Al Condr. Arm Cable
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Al Condr Arm Cable
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3x120 sgmm ‘
Aln Condr Arm Cable Al Condr. Arm Cable
v
M1 @ M3 M4 M5 Lighting
100HP 100HE S0HP 100HP 100HP
v
3x120 sq.mm
ATS = Auto Transformer Starter Alr Condr Arm Cable

Figure 172: Singleline diagram for the L ohamandi ZPS

4.16.3 Tariff Structure

The electrical connection for Lohamandi ZPSis provided by Torrent Power. The connection is covered in
the LMV -7 tariff category of DVVNL.
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Table 119: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Loha Mandi |
Energy Meter (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.16.4 Electricity Bill Analysis

Table 120: Energy cost and energy consumption detail for Lohamandi ZPS

Percentage Increase

Period of energy Energy . of energy Energy cost
. consumption .
bill (kWhiy) consumption over (Rs.ly)
y previous year (%)
Apr-14 to Mar-15 342,597 5,165,863
Apr-15 to Mar-16 393,314 14.8% 5,332,586
Apr-16 to Mar-17 294,912 -25.0% 4,857,207

The power factor recorded on the main incomer was observed to be around 0.83. As the billing is kVAh-
based, improving the power factor will lead to reduction in the eectricity bill amount paid every month.

It is observed that the recorded demand has often been more than twice the contract demand. As a result
of exceeding the contract demand, ‘ Excess demand charges' have been levied in addition to the regular
demand charges.

Figure 173: Monthly electricity consumption and electricity bill for Lohamandi ZPS
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4.16.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT sideat pumping station
for recording variation of electrical parameters. Details about transformers installed at Lohamandi ZPSis
provided in below table.
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Table 121: Detailsof Transformers

Main Incomers Details of Transformer Connected load
Main Incomer Transformer-1 630 kVA, 11/0.433 kV) All pump sets
ESR Supply:

Voltage Profile:

Voltage (V)
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\—-—
367.0 o
366.0 \\, /
365.0
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0‘2@ 0‘2@ 0Q® 0‘2@ 0‘2@ QQ® 0‘2@ 0‘2@ QQ® 0‘2@ 0‘2@ QQ® 0‘2@
S S S S S S \) S S S S I\
5 SN\ A" SHENY AR SRR UV UV S HE N
NN NN N N N N N N N
Figure 174: Voltage Variation during ESR filling
¢ Thevoltage was observed to be quite low, around the 365-370V range.
Power consumption and Apparent power Profile:
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Figure 175: Power consumption variation during ESR filling

e Power consumption during ESR filling is found to be consistently around 76-80 kW.
o Apparent power during ESR filling is found to be consistently around 90-94 kVA.

Power factor profile
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Figure 176: Power factor variation profile during ESR filling

o  Power factor during ESR filling is observed to be around 0.825-0.83.

Frequency Profile:
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Figure 177: Frequency variation during ESR filling
o Thefreguency was found to vary between 49.96 and 50.13 Hz.
Total Harmonics distortion (THD) - Current:
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Figure 178: Variation of THD in current during ESR filling
e Thecurrent THD is observed to be around 1.9-2.2%.
Total Harmonics distortion - Voltage:
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Figure 179: Variation in THD - voltage during ESR filling

¢ Thevoltage THD is observed to be around 1.1-1.3%.
Direct distribution - morning:

Voltage Profile:
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Figure 180: Voltage Variation profile during direct distribution

¢ The voltage was found to vary between 390 and 420V, averaging 397.6V. It was found to be much
higher when a single pump was running, i.e. after 6:05, than during operation of 4 pumps.

Power consumption and Apparent power Profile:
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Figure 181: Power consumption variation during direct distribution

e The power consumption was observed to be around 270 kW during parallel operation of 4 pumps,
wheress it was around 70 kW during operation of single pump.

o Apparent power recorded during parallel pumpingwas around 300-310 kVA, while it was around 75
kV A during operation of single pump.
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Figure 182: Power Factor variation during direct distribution

o Power factor during parallel pumping was observed to be around 0.88-0.885. Improvement to 0.895
was observed during running of single pump.
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Figure 183: Frequency variation during direct distribution
o Thefreguency was found to vary between 49.85 and 50.05 Hz.
Total Harmonics distortion - Current:
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Figure 184: Variation in THD - current during direct distribution

o Thecurrent THD was around 0.6-0.7% during parallel pumping and increased to around 1.3% during
solo operation.

Total Harmonics distortion - Voltage:
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Figure 185: Variation in THD - voltage during direct distribution

o Thevoltage THD was found to be less than 1%.

Transformer loading:

Based on the kV A measurement done during energy audit, average transformer loading was cal culated and
sameis given below.
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Figure 186: Transformer loading during ESR filling

Transformer Loading (%)

Figure 187: Transformer loadingduring direct distribution

o Transformer loading during operation of four pumps during direct distribution, as is typically done
here, is observed to be close to 50%.
o With two pumps in operation during ESR filling, the transformer loading islow at around 15%.

4.16.6 Pumping Station System Mapping

| ‘ = ‘ = [ —FM
s i s ™
ULTRA ULTRA ULTRA I Y ;
X = .. ) - g
X X X X DRA
=8 78 /8 /g
L= £3 L3 L3 LFGFND
| " E«_Uj T 5:; T 5“;{: ya Y SLUICE VALVE Dl
\ Q | 2 \ =, BUTTERFLY VALVE —Tal-
& & =3 NOMN RETURN VALVE Al
A ps P3 pd by REOUCER CONCEMTRIC =
” < REDUCER ECENTRIC e
PUMP1; PUMPH2: PUMP#3: PUMP#4: PLUMPES: 7ORE WAL ©
F=R00 F=600 F=324 F=E48 Fg4a 0RA FLOW METER @
H=34 H=534 H=? H=30 H=30
M=75 M=T75 M=37 M=75 M=75

Figure 188: P & ID diagram for Lohamandi ZPS

4.16.7 Pumps Performance Evaluation

As per the methodology described in section -1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
e Measurements of flow, head and power input to motor

o Interaction with the site personnel on the operating practices
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e Verification of Job card by the authorized representative of ULB

Table 122: General details of Lohamandi ZPS

Data Value / Details
Name of site Lohamandi ZPS
Name of Sub-section -
Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station
Pumps installed 5
No. of pumps in operation 5
No. of pumps under maintenance 0
Other Details
Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Lohamandi ZPS to showcase the actual situation are provided below.

View of pump house Pumpsinstalled

Figure 189: Photographs of L ohamandi ZPS

Table 123: Performance Evaluation of pumpsat Lohamandi ZPS

Unit Lohamandi Lohamandi | Lohamandi Lohamandi Lohamandi Lohamandi

ZPS ZPS ZPS ZPS ZPS ZPS
Pump-1
. Pump-1
Parameters (Direct o Pump-2 Pump-3 Pump-4 Pump-5
I (ESR filling)
distribution)
Pump make Jyoti Jyoti Kirloskar Jyoti Fairbanks Jyoti
Motor make Jyoti Jyoti Kirloskar Jyoti Kirloskar Jyoti
Pump type i VT VT VT VT VT
Moﬂose”a' M05150078 | M05150079 | 29707056-2 NA 20704035-2 | 13822
P”mrﬁ’ose”a' BHR-5 BHR- NA NA 16H NA
Rated flow m3/h 600 600 600 324 648 648
Rated head m 34 34 34 30 30
Rated motor kw 75 75 75 37 75 75
Parameters
measured
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Lohamandi Lohamandi | Lohamandi Lohamandi Lohamandi Lohamandi

Sl ZPS ZPS ZPS ZPS ZPS ZPS
Ui Pump-1
Parameters (Direct p- Pump-2 Pump-3 Pump-4 Pump-5
N (ESR filling)
distribution)
Total suction |, 1.20 0.95 257 -0.50 323 271
head
Total
discharge m 14 16 20 15 14 18
head
Average
flow m3/h 580.43 506.87 665.43 141.83 944,57 653.80
delivered
Motor input |y 52.89 52.09 73.27 18,59 71.83 68.66
power
Frequency Hz 49.94 49.98 49.85 50.01 49.99 49.97
Speed RPM 1493.00 1477.33 1486.00 1473.33 1474.00 1475.33
Performance
evaluation
Total head m 15.20 16.95 22.57 15.50 17.23 20.71
developed
Head % 45% 50% 66% - 57% 69%
utilization
Flow % 97% 84% 111% 44% 146% 101%
utilization
Hydraulic KW 24.03 23.39 40.90 5.99 44.33 36.87
power kW
Motor input [y, 52.89 52.09 73.27 18.59 71.83 68.66
power
Calculated
pumpset % 45.44% 44 .91% 55.82% 32.21% 61.71% 53.71%
efficiency
Rated motor | o 91.5% 91.5% 91.5% 91% 91.5% 91.5%
efficiency
Calculated
pump % 49.66% 49.08% 61.01% 35.40% 67.45% 58.70%
efficiency
Specific
energy kwWh/m3 0.091 0.103 0.110 0.131 0.076 0.105
consumption

Table 124: Parallel pumping at Lohamandi ZPS

Lohamandi Lohamandi

Location Unit 2PS 2PS
Parameters measured 1,3 12,45
Total suction head m -1.84 -2.50
Total discharge head m 15 17
Total flow m3/h 658.93 2155.67
Motor input power kw 87.18 202.09
Total head developed m 16.84 19.50
Head utilization % 50% 57%

NNG

Sm art City Atal Mission for Rejuvenation
E AR and Urban Transformation

.

AGRA NAGAR NIGAM




Lohamandi Lohamandi

Location Unit 7PS 7PS
Flow utilization % 71% 86%
Hydraulic power developed by KW 30.21 114.50
pump
Motor input kW kw 87.18 202.09
Calculated overall efficiency % 34.66% 56.66%
Motor efficiency % 91% 91%
Calculated pump efficiency % 38.08% 62.26%
Specific energy consumption kWh/m3 132.30 93.75

Key Observations:

e Pump 5 hasaseparate delivery line from the remaining pumps. Pumps 1 and 3 are used for ESR filling.
Pumps 1,2 and 4 are used for direct distribution.

o Pump set efficiency of pump 1 isfound to be 45.44% during use for direct distribution and 44.91%
during use for ESR filling. Its operating head is found to be significantly less than the rated head in
both cases.

e Pump set efficiencies of pump set nos. 2, 3, 4 and 5 are observed to be 55.82%, 32.21%, 61.71% and
53.71% respectively. All pumps were found to be operating well below their rated head.

o Inparalel operation of pumps 1,3 for ESR filling, the overall efficiency wasfound to be 34.66% while
it was found to be 56.66% in parallel operation of pumps 1, 2, 4, 5 for direct distribution.

e NRV of pump no. 4 is not working.

4.16.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 125: Other auxiliary equipment at L ohamandi ZPS - Transformer & Instrumentation

Transformers details

Number of Transformers 1

Capacity (kVA) 630

Primary/Secondary voltages 11kV/440V

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 126: Other electrical equipment at L ohamandi ZPS - lighting

Average
Hgihitng Type of lam No. of Operating
details yp P fittings hours
per day
Lohamandi | Bulb 1 0.1 12
* ﬁeﬁ\?\\{ e
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Average
Lighting No.of | Rating | Operating

Typeoflamp | giings | (kw) | hours

per day
Tubelight 2 0.04 8

details

Table 127: Other electrical equipment at L ohamandi ZPS —auxiliary pumps and other loads

Type of No. of Rating | Average
Equipment | fittings | (kW) Operating

hours
per day
Auxiliary pumps and other
loads Cooler ! 0.25 8
Ceiling Fan 1 0.07 8

4.16.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Lohamandi ZPS is provided in below table.

Table 128: Estimated energy consumption for L ohamandi ZPS

Estimated
Annual Weighted annual
name of Operating operating average power
. Name of pump hours power consumptio
section Pattern .
(hour/annum consumptio n
) n (kW) (kWh/annum
)

Lohamandi Pump-1 (Direct
ZPS distribution) 616 52.89 32,591
Lohamandi .
zZPs Pump-1 (ESR filing) | 3 ISanf?Iﬁlge'l 365 52.09 19,012
Lohamandi ) b
ZPS Pump-2 1,2,4in 612 73.27 44,845
Lohamandi d_parallel folr
ZPS Pump-3 wegt ﬁ;gp Y, 364 18.59 6,769
Lohamandi :
ZPS Pump-4 separate pipe 919 71.83 66,033
Lohamandi
ZPS Pump-5 929 68.66 63,799

Total 3805 337.33 233,049
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4.17 Keshavkunj (Bodla) ZPS

4.17.1 Overview of existing systems

Keshavkunj ZPS receives treated water from Sikandra WTP. Water is pumped directly into distribution.
ESR is constructed but is not in use.
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Figure 190: Plant Layout for Keshavkunj ZPS

4.17.2 Electricity Supply

Keshavkunj ZPS receives supply from Torrent Power at 11 kV. This is stepped down to 440V by a
transformer to feed the motors.
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Figure 191: Singleline diagram for the Keshavkunj ZPS

4.17.3 Tariff Structure

The electrical connection for Keshavkunj ZPS which is provided by Torrent Power. The connection is
covered in the LMV-7 tariff category of DVVNL.

Table 129: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Jeoni Mandi

Energy Meter-1 (HT) Energy Meter-2 (LT)
Meter serial number NA ' NA
Power supply 11 kV line NA
Energy charges Rs. 7.155 Per kVAh NA
Fixed/demand charge Rs. 290/kW NA
(Basis : DVVNL Tariff Order for FY 2016-17)
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4.17.4 Electricity Bill Analysis

Table 130: Energy cost and energy consumption detail for K eshavkunj ZPS

Period of energy Energy _ Percentage Increasg of Energy
bill consumption energy consumption cost
(kWhly) over previous year (%) (Rs.ly)
Apr-14 to Mar-15 189,628 2,652,581
Apr-15 to Mar-16 240,890 27.0% 3,220,476
Apr-16 to Mar-17 199,257 -17.3% 3,351,374

The power factor recorded on the incomer was observed to be around 0.89-0.9. As the billing is kVAh-
based, improving he power factor will lead to reduction in the bill amount paid every month.

It is observed that recorded demand has regularly exceeded contract demand. As aresult, ‘ Excess demand
charges have been levied every month in addition to regular demand charges.

Figure 192: Monthly electricity consumption and electricity bill for Keshavkunj ZPS
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4.17.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on transformer LT sidefor recording
variation of electrical parameters. Details about transformers installed at Keshavkunj ZPSis provided in
below table.

Table 131: Details of Transformers

Main Incomers Details of Transformer Connected load

Main Incomer Transformer-1 630 kVA, 11/0.433 kV) All pump sets
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Voltage Profile:

Voltage (V)

| INd 00:€0:L
_ INd 00:T0L
| Nd 00:65:9
. INd 00:£S'9
| INd 00:55'9
 INd 00:€S'9
_ INd 00°TS'9
| Nd 00:6%:9
. INd 00:£¥'9
. INd 00:5¥'9
_ INd 00:€¥'9
_ INd 00:T¥'9
| Nd 00:6€:9
_ INd 00:£€'9
| INd 00:5€'9
 INd 00:€€'9
_ INd 00°T€'9
| Nd 00:62:9
" INd 00:£T'9
| INd 00:52'9
| INd 00:€T'9
_ INd 00:TZ'9
| Nd 00:6T:9
_ INd 00:£T'9
| Nd 00:ST:9
_ INd 00:€T'9
_ INd 00°TT:9
| Nd 00:60:9
| INd 00:£0'9
| Nd 00:50:9

410

LN
o
<

o
o
<

aedyon

395

390

Figure 193: Voltage Variation at Keshavkunj (Bodla) ZPS

The voltage is found to vary between 396 and 406V. The observed voltage is marginaly below the

rated 415V.

Power consumption and Apparent power Profile:
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Figure 194: Power consumption variation at Keshavkunj (Bodla) ZPS

Power consumption observed during parallel running of four pumps was around 240-250 kW.

Apparent power during parallel running of four pumps was around 260-280 kVA.
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Total Harmonics distortion - Voltage:

Voltage THD
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Figure 198: Variation in THD - voltage at Keshavkunj (Bodla) ZPS

The voltage THD was consistently found to be around 1.3-1.4%.

Transformer loading:

Based on the kV A measurement done during energy audit, average transformer loading was cal culated and

sameis provided below.
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Figure 199: Variation in THD - voltage at Keshavkunj (Bodla) ZPS

Transformer loading during operation of four pumps was found to be around 42-45%.
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4.17.6 Pumping Station System Mapping
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Figure 200: P & ID diagram for Keshavkunj ZPS

4.17.7 Pumps Performance Evaluation

As per the methodology described in section — 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

Data collection

System mapping including collection of inventories, name plate details
M easurements of flow, head and power input to motor

Interaction with the site personnel on the operating practices
Verification of Job card by the authorized representative of ULB

Table 132: General details of Keshavkunj ZPS

Data Value / Details
Name of site Keshavkunj ZPS
Name of Sub-section -
Classification (WTP,PS, SPS, STP) Zonal Pumping station/Water distribution station
Pumps installed 5
No. of pumps in operation 4
No. of pumps under maintenance 1
Other Details
Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at K eshavkunj ZPS to showcase the actual situation are provided below.

View of pump house | Pumpsinstalled
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Figure 201 Photographs of K eshavkunj ZPS

Table 133: Performance Evaluation of pumps at Keshavkunj ZPS

Smart City

Keshavkunj Keshavkunj Keshavkunj
Unit ZPS (Bodla ZPS (Bodla ZPS (Bodla
VAS)) VAS)) VASS))
Parameters Pump-1 Pump-3 Pump-4
Pump make Kirloskar Kirloskar Kirloskar
Motor make Jyoti Jyoti Kirloskar
Pump type VT VT VT
Motor serial no. NA NA M09991593
Pump serial no. NA 153A413005 BHR-3
Rated flow ms3/h 300 300 300
Rated head m 33 33 33
Rated motor kw 37 37 37

Parameters measured

Total suction head m -3.00 -3.58 -2.68
Total discharge head m 10 14 12
Average flow delivered m3/h 366.47 340.27 422.47
Motor input power kw 41.60 35.09 36.32
Frequency Hz 49.96 50.04 50.06
Speed RPM 1478.33 1474.00 1479.00
Total head developed m 13.00 12.33 9.43
Head utilization % 39% 37% 29%
Flow utilization % 122% 113% 141%
Hydraulic power kW 12.97 11.43 10.85
Motor input power kw 41.60 35.09 36.32
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Keshavkunj Keshavkunj Keshavkunj
ZPS (Bodla ZPS (Bodla ZPS (Bodla

ZPS) ZPS) ZPS)
Parameters Pump-1 Pump-3 Pump-4
Calculated pumpset 31.19% 46.43% 46.51%
efficiency ' ' '
Rated motor efficiency 91% 91% 91%
Calculated pump 34.27% 51.03% 51.11%
efficiency
Specific energy KWhim? | 0.114 0.103 0.086
consumptlon

Table 134: Parallel pumping at Keshavkunj ZPS

Keshavkunj
Location Unit ZPS (Bodla
VASS))
Parameters measured 1,2,3,4
Total suction head m -2.68
Total discharge head m 4
Total flow m3/h 2423.27
Motor input power kw 247.90
Total head developed m 6.68
Head utilization 20%
Flow utilization 139%
Hydraulic power developed by KW 4411
pump
Motor input kW kw 247.90
Calculated overall efficiency 17.79%
Motor efficiency 91%
Calculated pump efficiency 19.55%
Specific energy consumption kwWh/m3 102.30

Key Observations:

o Pump set efficiencies of pumps 1,3 and 4 were found to be 31.19%, 32.57% and 29.88% respectively.
All three were found to be operating significantly below their rated head. During parallel operation of
pumps 1-4, the combined efficiency was found to be quite poor at 17.79%, and the operating head was
significantly less than the rated head of the pumps.

e Pump no. 5 has been discarded.

e  Sump was found to be in poor condition.
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4.17.8 Aucxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 135: Other auxiliary equipment at Keshavkunj ZPS - Transformer & Instrumentation

Transformers details

Number of Transformers 1

Capacity (kVA) 630

Primary/Secondary voltages 11kV/440V

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 136: Other electrical equipment at Keshavkunj ZPS - lighting

Lighting Type of | No. of Rating Average Operating
details lamp fittings | (kW) hours

per day

Keshavkunj | CFL 3 0.065 12

Table 137: Other electrical equipment at Keshavkunj ZPS—auxiliary pumps and other loads

Others Type of No. of Rating | Average
Equipment | fittings | (kW) Operating

hours
per day

Auxiliary pumps and other Exhaust
loads Fan

4.17.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Keshavkunj (Bodla) ZPSis provided in below table.

Table 138: Estimated annual water supply and ener gy consumption for Keshavkunj (Bodla) ZPS

Weighted
average
power
consumption
(kw)

Estimated
annual power
consumption
(kWh/annum)

Annual
Name of | Operating operating

TR EF SeHlen pump Pattern hours

(hour/annum)

Keshavkunj ZPS (Bodla i 1,2,3,4in
ZPS) Pump-1 parallel for 641 41.60 26,653
Keshavkunj ZPS (Bodla direct
ZPS) Pump-2 distribution 641 117.24 75,120
Sl @ "
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Weighted
average
power
consumption
(kw)

ST
annual power
consumption
(kwWh/annum)

Annual
Name of | Operating operating

hame of section pump Pattern hours

(hour/annum)

ggsé‘;a"k“’" ZPS (Bodla Pump-3 641 35.09 22,484
Keshavkunj ZPS (Bodla Pump-4 569 36.32 20,673
ZPs)

Total 2,492 230.25 144,930

4.18 Shahganj Phase-1 ZPS
4.18.1 Overview of existing systems

Shahganj Phase-1 Zonal Pumping station receives clear water from SikandraWTP. Water is supplied from
here to Shahganj and Subhash Park areas through dedicated sets of pumps.

4.18.2 Electricity Supply

Shahganj Phase-1 ZPS receives supply from Torrent Power at 11 kV. A 1000 kV A transformer steps down
this voltage for supply to motors.

11 KV Supply

3x75 sqmm
Aln. Condr. Arm Cable
11KV
HT Meter|
3.5x400 sg.mm

Al Condr Amm Cable

2(3.5x300) sq.mm
Alu. Condr Arm Cable 8004
ACB

> 2(3.5%35) sq.mm
Alu. Condr. Arm Cable

3570 sqmm 3x185 sq.om £ S Ix63A g%‘fl 324 32A
Alu. Condr. Alu. Condr. }R. ) P 3P 3P
Arm Cable NS S Arm Cable 3235 sq. CB MCBFwmce T MCB

3x185 sq.mm 3x35 s Alu. Condr.

Alu. Condr. Al Condr. ; AN Arm Cable

Arm Cable @ @ @ Arm Cable

100HP Not Worki
P S0HP ~ (Not Working) 176HP
Transformer Starter

5 Spare  Power . .
sSsqmh T prg Lighiing
Al Condr.

Arm Cable

3.5x70 sqmm 3x185 sqmm 3x300 sq.mm 15HP
Al Condr Arm Cable Al Condr Arm CableAln Condr Arm Cable 15 1P 15HP

Figure 202: Single line diagram for the Shahganj Phase-1 ZPS

4.18.3 Tariff Structure

The electrical connection for Shahganj Phase-1 is provided by Torrent Power. The connection is covered
in the LMV-7 tariff category of DVVNL.
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Table 139: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Shahganj Phase-1 \
Energy Meter (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.18.4 Electricity Bill Analysis

Table 140: Energy cost and energy consumption detail for Shahganj Phase-1 ZPS

Percentage Increase

Energy

Period of energy consumption of energy Energy cost
bill (kWh/p) consumption over (Rs.ly)

y previous year (%)
Apr-14 to Mar-15 Not available Not available
Apr-15 to Mar-16 Not available - Not available
Apr-16 to Mar-17 407,053 - 6,761,008

The power factor recorded on the incomer was observed to be around 0.85-0.89. As the billing is kVAh-

based, improving the power factor will lead to reduction in bill amount paid every month.

The recorded demand was observed to exceed the contract demand by a significant margin every month
throughout 2016-17. As a result of exceeding the contract demand, ‘ Excess demand charges' have been
levied in addition to the regular demand charges. Savings can be achieved by avoiding these charges by

revision of contract demand to closely match the actual 1oad requirement.

Figure 203: Monthly electricity consumption and electricity bill for Shahganj Phase-1 ZPS
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4.18.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on transformer LT sidefor recording
variation of electrical parameters. Detailsabout transformersinstalled at Shahgan] Phase-1 ZPSis provided
in below table.

Table 141: Details of Transformers

Main Incomers Details of Transformer Connected load
Main Incomer Transformer-1 1000 kVA, 11/0.433 kV) All pump sets
Voltage Profile:
Voltage (V
430.00 g ( )

Y
, 420.00 ~—
2 410.00 —~——
S 400.00
S
390.00 S~ .

380-00 T T T T T T T T T T T T T T T T T T T T T T T T 1
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Figure 204: Voltage Variation at Shahganj Phase-1

e Thevoltage was observed to show wide variation between 385V and 425V, averaging 401V.

Power consumption and Apparent power Profile:
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Figure 205: Power consumption variation at Shahganj Phase-1

e The power consumption with four pumps running was found to be around 285-290 kW.
o The apparent power with four pumps running was found to be around 320-340 kVA.

Power factor profile
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Figure 206: Power factor variation profile at Shahganj Phase-1

e The power factor was found to vary between 0.857 and 0.89.

Frequency Profile:
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Figure 207: Frequency variation at Shahganj Phase-1

e Thefrequency was found to vary between 49.8 and 50.3 Hz.

Total Harmonics distortion (THD) - Current:
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Figure 208: Variation of THD in current at Shahganj Phase-1

e During operation of four pumps, current THD was found to be in the 1-1.5% range.
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Total Harmonics distortion - Voltage:

Voltage THD Variation
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Figure 209: Variation in THD - voltage at Shahganj Phase-1

e Thevoltage THD was found to be less than 1%.

Transformer loading:

Based on the kV A measurement done during energy audit, average transformer loading at Shahganj Phase-
1 ZPS was calculated. Transformer details and loading are given bel ow.
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e Transformer loading during operation of four pumps was estimated to be around 32-34%.

NNG

S mart C ity Atal Mission for Refuvenation

and Urban Transformation

. -
u '‘EE
“EESL
HPRT IR R
AGRA NAGAR NIGAM



4.18.6 Pumping Station System Mapping
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Figure 210: P & ID diagram for Shahganj Phase-1 ZPS

4.18.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
e Measurements of flow, head and power input to motor

o Interaction with the site personnel on the operating practices

e Vaerification of Job card by the authorized representative of ULB
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Table 142: General details of Shahganj Phase-1 ZPS

Data Value / Details
Name of site Shahganj Phase-1 ZPS

Name of Sub-section -
Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station
Pumps installed 8

No. of pumps in operation 6

No. of pumps under maintenance 2

Other Details

Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Shahganj Phase-1 ZPS to showcase the actual situation are provided below.

View of pump house \ Pumpsinstalled

Figure 211: Photographs of Shahganj Phase-1 ZPS

Table 143: Performance Evaluation of pumpsat Shahganj Phase-1 ZPS

Shahganj Shahganj Shahganj Shahganj Shahganj Shahganj
Phase-1 Phase-1 Phase-1 Phase-1 Phase-1 Phase-1

ZPS ZPS ZPS ZPS ZPS ZPS
Pump-2 Pump-3
Parameters Pump-1 Pump-2 Pump-4 Pump-5 (Subhash (Subhash
Park) Park)
Pump make Kirloskar Jyoti Jyoti Kirloskar | Chandra | Chandra
Motor make Kirloskar Jyoti Jyoti Jyoti Jyoti Jyoti
Pump type VT VT VT VT VT VT
Motor:oserlal 2980;3110- NA NA NA NA NA
P”mrﬁ’ose“a' NA NA NA NA C283W | C283wW
Rated flow m3/h 600 186 1080 1080 118.2 118.2
Rated head m 32 32 30.72 30.77 24 24
Rated motor kw 75 37 132 132 11 11
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Shahganj Shahganj Shahganj Shahganj
Unit Phase-1 Phase-1  Phase-1

Shahganj Shahganj

Phase-1 Phase-1 Phase-1
ZPS ZPS ZPS ZPS

ZPS ZPS
Pump-2 Pump-3
Parameters Pump-1 Pump-2 Pump-4 Pump-5 (Subhash (Subhash
Park) Park)
Parameters
measured
Totalsuction | 1.79 2.61 -3.00 2.20 3.88 -3.20
head
Total
discharge m 10 10 10 12 2 2
head
Average
flow m3/h 351.73 396.10 1440.00 559.13 264.77 262.57
delivered
Motor input |,y 65.01 3359 | 11386 | 6255 11.30 12.25
power
Frequency Hz 49.98 50.00 50.04 50.00 50.04 50.12
Speed RPM 1480.67 1476.00 | 1473.33 | 1464.00 | 1463.33 1469.67

Performance
evaluation

Total head m 11.79 12.61 13.00 14.20 5.88 5.20
developed
Head
e % 37% 39% 42% 46% 24% 22%
utilization
Flow % 59% 213% 133% 520 224% 222%
utilization
Hydraulic KW 11.30 13.61 50.98 21.62 4.24 3.72
power kW
Motorinput | .\, 65.01 3359 | 11386 | 6255 11.30 12.25
power
Calculated
pumpset % 17.38% 40.50% 44.77% 34.57% 37.49% 30.33%
efficiency
Rated motor % 91.5% 91.0% 93.5% 93.5% 90.0% 90.0%
efficiency
Calculated
pump % 18.99% 44.51% 47.89% 36.97% 41.65% 33.69%
efficiency
Specific
energy kWh/m3 0.185 0.085 0.079 0.112 0.043 0.047
consumption

Table 144: Parallel pumping at Shahganj Phase-1 ZPS

Shahganj
Location Phase-1
ZPS
Parameters measured 1,2,4,5
Total suction head m -4.07
Total discharge head m 8
Total flow m3/h 2822.40
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SHEWE]|

Location Unit Phase-1

ZPS

Parameters measured 1,2,4,5

288.51

Performance evaluation

Total head developed m 12.07
Head utilization 38%
Flow utilization 96%

Hydraulic power developed by

kw 92.75
Motor input KW kw 288.51
Calculated overall efficiency 32.15%
Motor efficiency 91%
Calculated pump efficiency 35.33%

Specific energy consumption kWh/m3 102.22

Key Observations:

o Pump no. 3 and Subhash park supply pump no. 1 were in breakdown condition at the time of audit.

e Pump 1 was operating a alow pump set efficiency of 17.38%. Pumps 2, 4 and 5 wer operating at
pump set efficiencies of 40.5%, 44.77% and 34.57% respectively. All pumps were found to be
operating significantly below their rated head.

e Combined efficiency during paralel operation of pumps 1,2,4,5 was found to be 32.15%, and the
operating head was significantly less than the rated head.

e The Subhash Park supply pumps 2 and 3 were operating at pump set efficiencies of 37.49% and 30.33%
respectively. Operating head was found to be significantly less than the rated head.

4.18.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same

is provided below.

Table 145: Other auxiliary equipment at Shahganj Phase-1 ZPS - Transformer & Instrumentation

aramete Deta
Transformers details
Number of Transformers 1
Capacity (kVA) 1000
Primary/Secondary voltages 11kV/440V
Instrumentation at site
Suction pressure gauges Not Available
Discharge pressure gauges Tapping points are available on main header
Flow meter Not available
Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 146: Other electrical equipment at Shahganj Phase-1 ZPS - lighting

N

S mart city Atal Mission for Rejuvenation

and Urban Transformation

HPRT IR R
AGRA NAGAR NIGAM




Average

Lighting Tvpe of lam No.of | Rating | Operating
details e P | fittings | (kw) | hours
per day
Shahganj- | cFL 1 0.085 12
! Metal Halide 2 0.15 12
Tubelight 12 0.036 12

Table 147: Other electrical equipment at Shahganj Phase-1 ZPS — auxiliary pumps and other loads

Average

Type of No. of Operating
Equipment | fittings hours
per day

Others

Auxiliary pumps and other Exhaust
loads Fan

4.18.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Shahganj Phase-1 ZPS is provided in below table.

Table 148: Estimated energy consumption for Shahganj Phase-1 ZPS

Weighted Estimated
average annual
power power
consumption consumption
(kW) (kwh/annum)

Annual
Operating operating
Pattern hours
(hour/annum)

name of section Name of pump

Shahganj Phase-1 ZPS | Pump-1 1,2,4,5 for 807 65.01 52,489
Shahganj Phase-1 ZPS | Pump-2 sﬂ';%‘f;_ 807 33.59 27.123
Shahganj Phase-1 ZPS | Pump-4 One 807 113.86 91,933
Shahganj Phase-1 ZPS | Pump-5 Vé%fg;]ngs;]n 807 62.55 50,506
Shahganj Phase-1 ZPS | Pump-2 (Subhash Park) Park 2,091 11.30 23,640
Shahganj Phase-1 ZPS | Pump-3 (Subhash Park) | section. 1,306 12.25 15,998

Total 6,625 298.56 261,689
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4.19 Shahganj Phase-2 ZPS

4.19.1 Overview of existing systems

Five pumps are installed at Shahganj Phase-2 ZPS, of which pump no. 5 is dedicated for supply to BSF
area.
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Figure 212Plant Layout for Shahganj Phase-2 ZPS

4.19.2 Electricity Supply

Shahganj Phase-2 ZPS receives supply at 11 kV from Torrent Power. This is stepped down to 440V for
feeding the motors.
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Figure 213: Single line diagram for the Shahganj Phase-2 ZPS

4.19.3 Tariff Structure

The dectrical connection for Shahganj Phase-2 ZPS is provided by Torrent Power. The connection is
covered in the LMV-7 tariff category of DVVNL.

Table 149: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Shahganj Phase-2 \
Energy Meter (HT) |

Meter serial number ' NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.19.4 Electricity Bill Analysis

Table 150: Energy cost and ener gy consumption detail for Shahganj Phase-2 ZPS
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Percentage Increase

Period of energy Energy. of energy Energy cost
. consumption :
bill (kWhiy) consumption over (Rs.ly)
y previous year (%)
Apr-14 to Mar-15 410,335 3,809,768
Apr-15 to Mar-16 514,460 25.4% 5,572,602
Apr-16 to Mar-17 411,608 -20.0% 5,291,114

e Itisobserved that the recorded demand has consistently exceeded the contract demand. As a result,
‘Excess demand charges' have been levied in addition to the regular demand charges every month.
These charges can be avoided and savings can be achieved by revision of contract demand to a value
more closely matched to actual load requirement.

Figure 214: Monthly electricity consumption and electricity bill for Shahganj Phase-2 ZPS
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4.19.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Detail s about transformersinstalled at Shahganj Phase-2 ZPSis provided
in below table.

Table 151: Detailsof Transformers

Main Incomers Details of Transformer Connected load

Main Incomer Transformer-1 500 kVA, 11/0.433 kV) All pump sets
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Voltage Profile:
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440.0
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Figure 215 Voltage Variation at Shahganj Phase-2

o Therecorded voltage is observed to be consistent around the 430-435V range.

Power consumption and Apparent power Profile:
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Figure 216: Power consumption variation at Shahganj Phase-2

e Power consumption during operation of four pumpsis observed to be around 235-250 kW.
o Apparent power during operation of four pumps is observed to be around 275-290 kVA.

Power factor profile
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Figure 217: Power factor variation profile at Shahganj Phase-2
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e The power factor on incomer isfound to be around 0.84-0.85.

Frequency Profile:
Frequency Variation
N 50.1
I
g "/
o
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Figure 218: Frequency variation at Shahganj Phase-2

e Frequency isfound to vary between 49.9 and 50.1 Hz.

Total Harmonics distortion (THD) - Current:
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Figure 219: Variation of THD in current at Shahganj Phase-2

e Thecurrent THD isfound to be around 2%.

Total Harmonics distortion - Voltage:
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Figure 220: Variation in THD - voltage at Shahganj Phase-2
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e Thevoltage THD isfound to be around 1.7-1.8%.

Transformer loading:

Transformer loading at Shahgan] Phase-2 was estimated from the measured kVA consumption on the
transformer LT side. Transformer loading is as given below.

Transformer Loading (%)
60.00
58.00
%D \
5 56.00 —_— =
©
3 54.00
X
52.00
50-00 T T T T T T T T 1
6:00:00 6:05:00 6:10:00 6:15:00 6:20:00 6:25:00 6:30:00 6:35:00 6:40:00
PM PM PM PM PM PM PM PM PM

Figure 221: Transfor mer loading

o Measurement is performed for the pump running pattern usually followed at the pump station. As per
measured kV A, transformer loading is found to be around 55-58%.

4.19.6 Pumping Station System Mapping
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Figure 222: P & |ID diagram for Shahganj Phase-2 ZPS

4.19.7 Pumps Performance Evaluation

As per the methodology described in section - 0, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection
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System mapping including collection of inventories, name plate details
M easurements of flow, head and power input to motor

Interaction with the site personnel on the operating practices
Verification of Job card by the authorized representative of ULB

Table 152: General details of Shahganj Phase-2 ZPS

DEVEY Value / Details |
Name of site Shahganj Phase-2 ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station

Pumps installed 5

No. of pumps in operation 5

No. of pumps under maintenance -

Other Details

Basis of pump operation

VFD installed (Yes/No)

Inlet supply from WTP
No

Photographs captured at Shahganj Phase-2 ZPS to showcase the actual situation are provided below.

Pumpsinstalled

View of pump house

Figure 223: Photographs of Shahganj Phase-2 ZPS

Table 153: Performance Evaluation of pumps at Shahganj Phase-2 ZPS

Unit SHETE]] SHELE] Shahganj  Shahganj Shahganj
Phase-2 Phase-2 Phase-2 Phase-2 Phase-2
Parameters Pump-1 Pump-2 Pump-3 Pump-4 Pump-5
Pump make Kirloskar Jyoti Jyoti Jyoti Jyoti
Motor make Kirloskar Jyoti Jyoti Jyoti Jyoti
Pump type VT VT VT VT VT
MOtogose”a' 2800705-2 | M08140331 | M12140621 | 131880 NA
Pump serial N-
no. 153A413003 N-31737 N-31798 311162 N-31101
Rated flow m3/h 300 300 600 600 600
Rated head m 33 30 31 31 31
B3 ol 319, T
o | Bi. @QQ’\I = 5
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SHETE]] SHELGE] Shahganj  Shahganj Shahganj

Lt Phase-2 Phase-2 Phase-2 Phase-2 Phase-2
Parameters Pump-1 Pump-2 Pump-3 Pump-4 Pump-5
Parameters
measured
Total suction |, 2,97 -2.80 -3.67 3.33 2.47
head
Total
discharge m 16 7.33 20 18 20
head
Average
flow m3/h 335.37 392.50 552.83 728.70 439.27
delivered
Motor input | .\ 34.31 37.95 68.59 68.41 65.87
power
Frequency Hz 50.05 50.01 49.9575 50.03 50.01
Speed RPM 1474.33 1475.33 1477.00 1485.00 | 1463.67

Performance
evaluation

Totalhead |, 18.97 10.13 23.67 2133 | 22.47
developed

Head
utilization

Flow % 112% 131% 92% 121% 73%
utilization

Hydraulic kw 17.32 10.83 35.63 4234 | 26.88
power kW

Motor input |\ 34.31 37.95 68.59 68.41 | 65.87
power

Calculated
pumpset % 50.49% 28.54% 51.95% 61.88% 40.80%

efficiency

Rated motor % 91.0% 91.0% 91.5% 91.5% 91.5%
efficiency

Calculated
pump % 55.49% 31.36% 56.77% 67.63% 44 .59%

efficiency
Specific
energy kWh/m3 0.102 0.097 0.124 0.094 0.150

consumption

% 57% 34% 76% 69% 2%

Table 154: Parallel pumping at Shahganj Phase-2 ZPS

Shahganj
Location Phase-2
VAR
Parameters measured 1,2,3,4
Total suction head m -2.73
Total discharge head m 12
Total flow m3/h 2253.33
Motor input power kw 240.34

Sm art City Atal Mission for Rejuvenation

and Urban Transformation

AGRA NAGAR NIGAM



Performance evaluation

Total head developed m 14.73
Head utilization 45%
Flow utilization 125%
Hydraulic power developed by KW 90.41
pump
Motor input kW kw 240.34
Calculated overall efficiency 37.62%
Motor efficiency 91%
Calculated pump efficiency 41.34%
Specific energy consumption kwWh/m3 106.66

Key Observations:

e Pumps 1-4 are connected to a common header. Pump 5 has a separate line and is used for supplying to

separate area.

o Pump set efficiencies of pumps 1,2,3 and 4 were found to be 50.49%, 28.54%, 51.95% and 61.88%
respectively. The operating head of all four pumpswasfound to belessthan the rated head, with pumps
3 and 4 operating at 65% of rated head or above, pump 2 operating at a significantly lower head
compared to the others. In parallel operation of pumps 1-4, the combined efficiency was observed to

be 37.62%, and the operating head was found to be significantly lower than the rated head.

o Pump set efficiency of pump 5 was found to be 40.8%. Its operating head was found to be higher than

70% of the rated head.

4.19.8 Aucxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same

is provided below.

Table 155: Other auxiliary equipment at Shahganj Phase-2 ZPS - Transformer & Instrumentation

Paramete Deta
Transformers details

Number of Transformers 1
Capacity (kVA) 500

Primary/Secondary voltages
Instrumentation at site

Suction pressure gauges

11kV/440V

Not Available

Discharge pressure gauges

Tapping points are available on main header

Flow meter

Not available

Energy meter

For whole facility at incoming feeder (DISCOM meter only)

Table 156: Other electrical equipment at Shahganj Phase-2 ZPS —lighting
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Average

Lighting Type of No.of | Rating | Operating
details lamp fittings | (kW) hours
per day
Shahganj
Phase-2 CFL L 0.085 12
Bulb 1 0.06 12

Table 157: Other electrical equipment at Shahganj Phase-2 ZPS — auxiliary pumps and other loads

Average

Type of No.of = Rating @ Operating
Equipment fittings (kW) hours
per day

1 Fan 1 0.11 24

4.19.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Shahganj Phase-2 ZPSis provided in below table.

Table 158: Estimated energy consumption for Shahganj Phase-2 ZPS

Annual Weighted Estimated

; Operating operating average IUEY
name of section Name of pump power power
Pattern hours : .

(hour/annum) consumption consumption

(kW) (kwWh/annum)
Shahganj Phase-2 | Pump-1 602 34.31 20,661
Shahganj Phase-2 | Pump-2 1'2’31? I'" 602 37.95 22,855

arallel.

Shahganj Phase-2 | Pump-3 Speparate 602 68.59 41,308
Shahganj Phase-2 | Pump-4 line for 5. 602 68.41 41,199
Shahganj Phase-2 Pump-5 3,682 65.87 242,519
Total 6,090 275.13 368,542
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4.20 Kedar Nagar Pumping Station
4.20.1 Overview of existing systems

Kedar Nagar ZPS receives clear water from Sikandra WTP. Three pumps are installed, of which one was
in breakdown condition. ESR filling and direct distribution are performed at different times.

28
PUMP HOUSE SUMP
F1 Pz P3 DEPTH-5.6

T e

Figure 224: Plant Layout for Kedar Nagar ZPS

4.20.2 Electricity Supply

Kedar Nagar receives supply from Torrent Power a 11 kV. Thisis stepped down to 440V through a 100
kV A transformer to feed the motors.
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Figure 225: Single line diagram for the Kedar Nagar ZPS
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4.20.3 Tariff Structure

The electrical connection for Kedar Nagar ZPS is provided by Torrent Power. The connection is covered
in the LMV-7 tariff category of DVVNL.

Table 159: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Kedar Nagar \
Energy Meter-1 (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.20.4 Electricity Bill Analysis

Table 160: Energy cost and energy consumption detail for Kedar Nagar ZPS

Percentage Increase

. E
Period of energy nergy_ of energy Energy cost
. consumption '
bill consumption over (Rs.ly)
(KWH/y) .
previous year (%)
Apr-14 to Mar-15 72,157 748,110
< P * * *
22l ( ) *
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Percentage Increase

Energy

Period of energy . of energy Energy cost
. consumption :
bill (KWHJy) consumption over (Rs.ly)
y previous year (%)
Apr-15 to Mar-16 102,529 42.1% 1,110,504
Apr-16 to Mar-17 77,546 -24.4% 975,791

Figure 226: Monthly electricity consumption and electricity bill for Kedar Nagar ZPS
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4.20.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer wasinstalled on main LT incomer for recording variation
of electrical parameters. Two pumps are operated in 1IW+1SB arrangement at K edar Nagar; the two pumps
were run one by one during the measurement.

Table 161: Detailsof Transformers

Main Incomers Details of Transformer Connected load

Main Incomer Transformer-1 100 kVA, 11/0.433 kV) All pump sets

Voltage Profile:

440.00 Voltage
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Figure 227: Voltage Variation at Kedar Nagar ZPS
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e Thevoltagewasfound to decline steadily from 430V to around 395V . The average voltage was 408.5V

Power consumption and Apparent power Profile:
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Figure 228: Power consumption variation at Kedar Nagar ZPS

e The power consumption was found to be around 26.5 kW throughout the recording.
e The apparent power consumption was found to be around 30-31 kV A during operation of first pump
and around 34-35 kV A during operation of second pump.
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Figure 229: Power factor variation profile at Kedar Nagar ZPS

e The power factor was around 0.84-0.86 during operation of first pump, reducing to the 0.75-0.8 range
during operation of the second pump.
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4.20.6 Pumping Station System Mapping
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Figure233P & 1D diagram for Kedar Nagar ZPS

4.20.7 Pumps Performance Evaluation

As per the methodology described in section -1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

e Interaction with the site personnel on the operating practices

e Vaerification of Job card by the authorized representative of ULB

Table 162: General details of Kedar Nagar ZPS

Data Value / Details

Name of site Kedar Nagar ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP)  Zonal Pumping station/Water distribution station
Pumps installed 3

No. of pumps in operation 2

No. of pumps under maintenance 1

Other Details

Basis of pump operation Inlet supply from WTP

VFD installed (Yes/No) No
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Photographs captured at K edarnagar ZPS to showcase the actua situation are provided below.
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Figure 234 Photographs of Kedar Nagar ZPS

Table 163: Performance Evaluation of pumpsat Kedar Nagar ZPS

Unit Kedar Kedar
Nagar Nagar
Parameters Pump-1 Pump-2
Pump make WPIL WPIL
Motor make Jyoti Jyoti
Pump type VT VT
Motor serial no. NA M01010043
Pump serial no. 4-1200 4-1200
Rated flow m3/h 130 130
Rated head M 40.09 40.09
Rated motor kw 30 30
Parameters
measured
Total suction M 336 284
head
Total discharge M 26 26
head
Average flow 3
delivered m3/h 204.33 189.67
Motor input KW 26.28 26.40
power
Frequency Hz 50.03 50.02
Speed RPM 1477.67 1480.67
Performance
evaluation
Total head M 29.36 28.84
developed
Head utilization % 73% 2%
Flow utilization % 157% 146%
Hydraulic power |\ | 1634 14.89
kw
< = K
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Parameters

Motor input kW | 26.28 26.40
power ' '
Calculated
pumpset % 62.17% 56.43%
efficiency
Rated motor o 0 0
efficiency % 90.0% 90.0%
Calculated pump
efficiency % 69.08% 62.70%
Specific energy | \ypms | 0.129 0.139
consumption ' '

Key Observations:

e Pump no. 3 wasin breakdown condition for around 1 year at the time of audit.

o Pump set efficiencies of pumps 1 and 2 were observed to be 62.17% and 56.43% respectively. Both
pumps were observed to be operating at around 70% of the rated head.

e Thereisheavy leakage from delivery sluice valve of pump no. 1.

4.20.8 Aucxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were aso studied and details of same
is provided below.

Table 164: Other auxiliary equipment at Kedar Nagar ZPS - Transformer & Instrumentation

Paramete Deta
Transformers details
Number of Transformers 1
Capacity (kVA) 500
Primary/Secondary voltages 11kVv/440V
Instrumentation at site
Suction pressure gauges Not Available
Discharge pressure gauges Tapping points are available on main header
Flow meter Not available
Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 165: Other electrical equipment at Kedar Nagar ZPS - lighting

Lighting Type of lamp No. of Rating | Average

details fittings | (kW) Operating
hours
per day
Kedar
Nagar Tubelight 7 0.04 12
CFL 1 0.085 12
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Table 166: Other electrical equipment at Kedar Nagar ZPS —auxiliary pumps and other loads

Type of No. of Rating | Average
Equipment | fittings | (kW) Operating

hours
per day

Auxiliary pumps and other Exhaust
loads Fan

4.20.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Kedar Nagar ZPS is provided in below table.

Table 167: Estimated annual energy consumption and water supply for Kedar Nagar ZPS

E] Weighted Estimated
name of Name of Operating operating average power annual power
section pump Pattern hours consumption consumption

(hour/annum) (kW) (kWh/annum)
Kedar Nagar | Pump-1 Only 1 pump 726 26.28 19,086
Kedar Nagar | Pump-2 operates 1,312 26.40 34,635
Total 2,038 52.68 53,721

4.21 Tajganj ZPS

4.21.1 Overview of existing systems

Tajganj ZPS receivestreated water from the Jeoni Mandi WTP. A total of six pumps areinstalled here and
water is supplied into distribution.
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Figure 235 Plant Layout for Tajganj ZPS

4.21.2 Electricity Supply

Tajgan] receives supply at 11 kV level from Torrent Power. Thisis stepped down to 440V level through a
500 kV A transformer to feed the motors.

11KV Supply
400 KVA
11KV/433V
3.5x500 sq.mm Transformer
Alu.Condr. Arm.Cable
ACB
Alu. Condr. Arm. Cable
3x120 sq.mm
- A y 3x185 sq.mm
Alu. Condr. Arm. Cable Alu.Condr. Arm.Cable
3xT0sqmm [ATs| [ATs| [ATs| [ATs]| |ATS | [ ATS |
Alu. Condr. Anl; Cable Alu. Condr. Amm. Cable
3x70sq.mm 3x120sq.mm
S0KW S0KW 75KW  75KW  75KW  37KW

Figure 236 Single line diagram for the Tajganj ZPS
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4.21.3 Tariff Structure

The electrical connection for Tgjganj ZPSis provided by Torrent Power. The connection is covered in the
LMV-7 tariff category of DVVNL.

Table 168: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Tajganj |
Energy Meter (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.21.4 Electricity Bill Analysis

Table 169: Energy cost and energy consumption detail for Tajganj ZPS

Percentage Increase

Energy

Period of energy consumption of energy Energy cost
bill (kWhP) consumption over (Rs.ly)

y previous year (%)
Apr-14 to Feb-15 Not Available NA Not Available
Apr-15 to Feb-16 Not Available NA Not Available
Apr-16 to Feb-17 286,791 NA 5,456,352

e It isobserved that the recorded demand has consistently exceeded the contract demand — it has been
consistently observed to be more than thrice the contract demand. Asaresult, * Excess demand charges
have been levied in addition to the regular demand charges every month.

Figure 237: Monthly electricity consumption and electricity bill for Tajganj ZPS
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4.21.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Details about transformersinstalled at Tajganj ZPS is provided in below
table.

Table 170: Details of Transformers

Main Incomers Details of Transformer Connected load ‘

Main Incomer Transformer-1 400 kVA, 11/0.433 kV) All pump sets
Voltage Profile:
Vol V
410.00 oltage ( )
o 405.00 /’ =
& 400.00 e
S 395.00
390-00 !II!II!II!II!II!II!II!II!II!II!II!II!II!II!II!II!II!II!II!II!
© O O O O O O O O O O O O O O OO o oo o o o
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Figure 238: Voltage Variation at Tajganj ZPS
e Therecorded voltage was observed to vary between 396V and 407V.
Power consumption and Apparent power Profile:
360.00
300.00
240.00
180.00
120.00 KVA
60.00 KW
0-00 !II!II!II!II!II!II!II!II!II!II!II!II!IEI!IEI!IIEII!IIEII!
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Figure 239: Power consumption variation at Tajganj ZPS

¢ The power consumption observed with five pumpsin operation was around 300 kW.
o The apparent power observed with five pumps in operation was around 340-350 kVA.
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Figure 240: Power factor variation profile at Tajganj ZPS
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The power factor was observed to be around 0.86-0.87.
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Figure 241: Frequency variation at Tajganj ZPS
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The frequency was observed to vary between 49.95 and 50.1 Hz.
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Figure 242: Variation of THD in current at Tajganj ZPS
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Total Harmonics distortion - Voltage:

Voltage THD
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Figure 243: Variation in THD - voltage at Tajganj ZPS

o Thevoltage THD was found to be less than 1%.

Transformer loading:

Based on the kV A measured during energy audit, average transformer loading of the 400 kV A transformer
was calculated and sameis provided below.

Transformer Loading (%)
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Figure 244: Transfor mer loadingat Tajganj ZPS

e Thetransformer loading isfound to be around 85-87% during operation of five pumps.
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4.21.6 Pumping Station System Mapping
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Figure 245: P & ID diagram for Tajganj ZPS

4.21.7 Pumps Performance Evaluation

As per the methodology described in section - 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

Data collection

System mapping including collection of inventories, name plate details
M easurements of flow, head and power input to motor

Interaction with the site personnel on the operating practices
Verification of Job card by the authorized representative of ULB

Table 171: General details of Tajganj ZPS

Data Value / Details

Name of site Tajganj ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP) Zonal Pumping station/Water distribution station
Pumps installed 6

No. of pumps in operation 5

No. of pumps under maintenance 1

Other Details

Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Tajganj ZPS to showcase the actual situation are provided below.

View of pump house | Pumpsinstalled
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Figure 246: Photographs of Tajganj ZPS

Flow measurement for individual pumps was not possible due to site constraints.

Table 172: Parallel pumping at Tajganj ZPS

Location T?ggnj
Parameters measured 2,3,4,5,6
Total suction head m -2.97
Total discharge head m 13
Total flow ms3/h 2942.33
Motor input power kw 280.77
Total head developed m 15.97
Head utilization 47%
Flow utilization 110%
Hydraulic power developed by KW 127.94
pump
Motor input kW kw 280.77
Calculated overall efficiency 45.57%
Motor efficiency 91.5%
Calculated pump efficiency 49.8%
Specific energy consumption kWh/m3 | 95.42

Key Observations:

e The combined efficiency during parallel pumping was observed to be 45.57%. The operating head of

the pumps was found to be much less than the rated head.

4.21.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same

is provided below.

Table 173: Other auxiliary equipment at Tajganj ZPS - Transformer & Instrumentation
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Transformers details

Number of Transformers 1

Capacity (kVA) 400

Primary/Secondary voltages 11kV/440V

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 174: Other electrical equipment at Tajganj ZPS - lighting

Lighting Type of lamp No. of Rating | Average

details fittings | (kW) Operating
hours
per day
Tajganj | Tubelight 2 0.004 24
Sodium Vapour 1 0.15 12

Table 175: Other electrical equipment at Tajganj ZPS— auxiliary pumps and other loads

Others Type of No. of Rating | Average |
Equipment | fittings | (kW) Operating

hours

perday

Auxiliary pumps and other
loads Ceiling Fan

4.21.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annua energy
consumption. Estimated energy consumption for Tgjganj ZPS is provided in below table.

Table 176: Estimated annual energy consumption for Tajganj ZPS

Weighted Estimated
Annual
o . : average annual
. perating operating
name of section Name of pump power power
Pattern hours . .
(hour/annum) consumption consumption
(kW) (kwh/annum)
Tajganj ZPS Pump-2 2,3,4,5&6 in 687 46.38 31,854
Tajganj ZPS Pump-3 pa:jallel for 738 70.70 52,205
irect
Tajganj ZPS Pump-4 distribution. 741 7344 04404
Tajganj ZPS Pump-5 1is under 741 70.72 52,392
Total breakdown 2,907 261.24 190,855
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4.22 Rakabganj ZPS

4.22.1 Overview of existing systems

Rakabgan] ZPS receives treated water from Jeoni Mandi WTP. Five pumps are installed here. Both direct
distribution and ESR filling are performed at different times.
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Figure 247: Plant Layout for Rakabganj ZPS

4.22.2 Electricity Supply

Rakabgan] ZPS receives supply at 11 kV from Torrent Power. This is stepped down via a 315 kVA
transformer to 440V level to feed the motors.
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Figure 248: Single line diagram for the Rakabganj ZPS

4.22.3 Tariff Structure

The electrical connection for Rakabganj ZPS is provided by Torrent Power. The connection is covered in
the LMV -7 tariff category of DVVNL.

Table 177: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Rakabganj |
Energy Meter-1 (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.22.4 Electricity Bill Analysis

Table 178: Energy cost and energy consumption detail for Rakabganj ZPS

Period of energy Energy . Percentage Energy cost
bill consumption Incrgase from (Rs./y)

(kWhly) previous year
Apr-14 to Mar-15 184,246 2,663,607
Apr-15 to Mar-16 196,523 6.7% 3,735,095
Apr-16 to Mar-17 199,119 1.3% 3,200,320
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o The power factor is consistently observed to be poor at less than 0.8. Improving the power factor will
lead to reduction in kVA demand as well as kV Ah consumption, leading to savings.

Figure 249: Monthly electricity consumption and electricity bill for Rakabganj ZPS
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4.22.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on transformer LT sidefor recording
variation of electrical parameters. Details about transformers installed at Rakabganj ZPS is provided in
below table.

Table 179: Details of Transformers

Main Incomers Details of Transformer Connected load \
Main Incomer Transformer-1 400 kVA, 11/0.433 kV) All pump sets

Voltage Profile:

Voltage (V)
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Figure 250: Voltage Variation at Rakabganj
e Therecorded voltage was found to vary between 408 and 425V.
Power consumption and Apparent power Profile:
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Figure 251: Power consumption variation at Rakabganj

e Power consumption during operation of three pumps was found to be around 220-230 kW. During
operation of single pump (8:05 onwards), the consumption was found to be around 55-60kW.

o Apparent power during operation of three pumps was found to be around 260-270 kVA. During
operation of single pump (8:05 onwards), the consumption was found to be around 75-80kV A.
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Figure 252: Power factor variation profile at Rakabganj

o The power factor was observed to be around 0.86-0.87 with three pumps in operation, dropping to
below 0.75 during operation o single pump.
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Figure 253: Frequency variation at Rakabganj

The frequency was observed to vary between 49.95 and 50.07 Hz.

Current THD Variation

Total Harmonics distortion (THD) - Current:
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Figure 254: Variation of THD in current at Rakabgan]

The current THD was found to be around 0.7-1.3% during parallel operation of three pumps. It was

observed to rise from around 1.6% to around 2.2% during operation of single pump.

Total Harmonics distortion - Voltage:

Voltage THD Variation
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Figure 255: Variation in THD - voltage at Rakabgan;
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e Voltage THD was observed to be less than 1% during operation of three pumps, rising to around 1.2%
during operation of single pump.

Transformer loading:

Based on the kV A measurement done during energy audit, average transformer loading for the 315 kVA
transformer was calculated and same is provided below.

Transformer Loading (%)
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Figure 256: Transfor mer loadingat Rakabgan;
e Loading on transformer isfound to be close to 80% during operation of three pumps.

4.22.6 Pumping Station System Mapping
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Figure 257: P & ID diagram for Rakabganj

4.22.7 Pumps Performance Evaluation

As per the methodology described in section — 1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:
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Data collection

System mapping including collection of inventories, name plate details
M easurements of flow, head and power input to motor

Interaction with the site personnel on the operating practices
Verification of Job card by the authorized representative of ULB

Table 180: General details of Rakabganj ZPS

Data Value / Details

Name of site Rakabganj ZPS
Name of Sub-section -
Classification (WTP,PS, SPS, STP) Zonal Pumping station/Water distribution station

Pumps installed 5

No. of pumps in operation 4

No. of pumps under maintenance 1

Other Details

Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Rakabganj ZPS to showcase the actual situation are provided below.

View of pump house Pumpsinstalled

Figure 258: Photographs of Rakabganj ZPS

Table 181: Performance Evaluation of pumps at Rakabgan;

Unit Rakabganj Rakabganj Rakabganj
ZPS ZPS ZPS
Parameters Pump-2 Pump-4 Pump-5
Pump make Fairbanks Kirloskar Jyoti
Motor make Kirloskar Jyoti Jyoti
Pump type VT VT VT
Motor serial no. 29702035 | vos150078 | NA
Pump serial no. 16H BHR3 B400D2F
Rated flow m3/h 648 600 648
Rated head m 30 34 30.4
NN 5. B
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Parameters

Unit

Rakabganj
ZPS

Pump-2

Rakabganj
ZPS

Pump-4

Rakabganj
ZPS

Pump-5

Parameters
measured
Total suction head m -3.07 -4.06 -2.07
Total discharge head m 2 18 16
Average flow m3¥h | 792.00 529.37 704.47
delivered
Motor input power kw 76.72 66.87 70.34
Frequency Hz 49.92 49.96 50.04
Speed RPM 1473.33 1488.00 1475.33

Performance
evaluation

Total head developed m 5.07 22.06 18.07
Head utilization % 17% 65% 59%
Flow utilization % 122% 88% 109%

Hydraulic power kW kw 10.94 31.81 34.67
Motor input power kw 76.72 66.87 70.34
Calculated pumpset % 1426% | 47.56% | 49.30%

efficiency
Rated motor o o o o
efficiency % 94.0% 91.5% 91.5%
Calculated pump % 15.17% | 51.98% | 53.88%
efficiency
Specific energy | s | 0.097 0.126 0.100
consumption

Key Observations:

o Pump set efficiency of pump no. 2 was found to be 14.26%, with the pump operating significantly
below the rated head. Pumps 4 and 5 were observed to have pump set efficiencies of 47.56% and
49.3%, and operating head of both was less than 70% of the rated head.

e Top of sump had collapsed and at present, temporary arrangement for covering of sump has been made

using nets and corrugated plastic sheets.
e NRV of pump no. 2 was not in working condition.

4.22.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.
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Table 182: Other auxiliary equipment at Rakabganj ZPS - Transformer & Instrumentation

Paramete Deta

Transformers details

Number of Transformers 1

Capacity (kVA) 315

Primary/Secondary voltages 11kV/440V

Instrumentation at site ‘
Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 183: Other electrical equipment at Old Rakabganj ZPS - lighting

Lighting Type of lamp No. of Rating | Average
details fittings | (kW) Operating

hours
per day

Rakabganj | CFL 2 0.014 24

Table 184: Other electrical equipment at Rakabganj ZPS — auxiliary pumps and other loads

Others Type of No. of Rating | Average
Equipment | fittings | (kW) Operating
hours
per day

Auxiliary pumps and other Exhaust
loads Fan

4.22.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Rakabgan] ZPS is provided in below table.

Table 185: Estimated energy consumption for Rakabganj ZPS

Annual Weighted Estimated

g Operating operating average annual

name of section Name of pump Pattern hours power power
(hour/annum) consumption consumption
(kw) (kWh/annum)

Rakabganj ZPS Pump-2 >4in 700 76.72 53,741

Rakabganj ZPS Pump-3 parallel. 155 35.89 5,564

Rakabganj ZPS Pump-4 fneep?gf‘ge 764 66.87 51,112

i .
Rakabganj ZPS Pump-5 864 70.34 60,742
Total 2,483 249.82 171,159
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4.23 Navlakha ZPS

4.23.1 Overview of existing systems

Navlakha ZPS receives treated water from Jeoni Mandi WTP. Water is supplied from here to MES,
Cantonment and Bindu Colony areas at different times. Pump no. 1 is dedicated for supply to MES, and
itsbilling is aso done by MES.
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Figure 259: Plant Layout for Navlakha ZPS

4.23.2 Electricity Supply

Navlakha ZPS receives supply at 11 kV level from Torrent Power.Thisis stepped down to 433V level via
a 315 kVA transformer to feed the motors.
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Figure 260 Single line diagram for the Navlakha ZPS

4.23.3 Tariff Structure

The dectrical connection for Navlakha ZPS is provided by Torrent Power. The connection is covered in
the LMV -7 tariff category of DVVNL.

Table 186: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description NEMETGEWARS |
Energy Meter-1 (HT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)
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4.23.4 Electricity Bill Analysis

Table 187: Energy cost and energy consumption detail for Navlakha ZPS

Percentage Increase

Period of energy Energy . of energy Energy cost
. consumption .
bill (KWhiy) consumption over (Rs.ly)
y previous year (%)
Apr-14 to Mar-15 575,612 5,195,923
Apr-15 to Mar-16 729,693 26.8% 7,933,405
Apr-16 to Mar-17 561,593 -23.0% 5,848,279

Figure 261: Monthly electricity consumption and electricity bill for Navlakha ZPS
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4.23.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed ontransformer LT side for recording
variation of electrical parameters. Details about transformers installed at Navlakha ZPS is provided in
below table.

Table 188: Detailsof Transformers

Main Incomers Details of Transformer Connected load

Main Incomer Transformer-1 315 kVA, 11/0.433 kV) All pump sets

Voltage Profile:

NG e N
Smart City Au;@fﬂ,n oo~ i E E 5 L

and Urban Transformation AGRA NAGAR NIGAM



Voltage (V)
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Figure 262: Voltage Variation at Navlakha ZPS

e Therecorded voltage was observed to vary between 439 and 446V .

Power consumption and Apparent power Profile:
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Figure 263: Power consumption variation at Navlakha ZPS

e Power consumption during operation of two pumps was observed to be around 185-190 kW.
e Apparent power during operation of two pumps was observed to be around 220-230 kVA.

Power factor profile
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Figure 264: Power factor variation profile at Navlakha ZPS

e The observed power factor was found to be around 0.83-0.84.

Frequency Profile:
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Figure 265: Frequency variation at Navlakha ZPS

e Thefrequency was observed to vary between 49.9 and 50.03 Hz.

Total Harmonics distortion (THD) - Current:
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Figure 266: Variation of THD in current at Navlakha ZPS
e Theobserved current THD was around 1.9-2%.
Total Harmonics distortion - Voltage:
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Figure 267: Variation in THD - voltage at Navlakha ZPS

e Theobserved voltage THD was around 0.9-1%.

Transformer loading:

Based on the kV A measurement done during energy audit, average transformer loading for the 315 kVA
transformer was calculated and same is provided bel ow.

Transformer Loading (%)
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Figure 268: Transformer loadingat Navlakha ZPS

e Transformer loading during operation of two pumps was found to be around 70%.
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4.23.6 Pumping Station System Mapping
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Figure269 P & 1D diagram for Navlakha ZPS

4.23.7 Pumps Performance Evaluation

As per the methodology described in section -1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection
e  System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

e Vaerification of Job card by the authorized representative of ULB

Table 189: General details of Navlakha ZPS

Data Value / Details

Name of site Navlakha ZPS

Name of Sub-section -

Classification (WTP,PS, SPS, STP) Zonal Pumping station/Water distribution station
Pumps installed 4

No. of pumps in operation 4

No. of pumps under maintenance 0

Other Details

Basis of pump operation Inlet supply from WTP

VFD installed (Yes/No) No

Photographs captured at Navlakha ZPS to showcase the actua situation are provided below.
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View of pump house

Pumpsinstalled

Table 190: Performance Evaluation of pumps at Navlakha ZPS

Figure 270 Photogr aphs of Navlakha ZPS

Unit NEV ELGQEWARS NEV EUQEWARE] NEW ELGQEWARS
Parameters Pump-2 Pump-3 Pump-4
Pump make Kirloskar Kirloskar Mather & Platt
Motor make %?g;‘sgn %?g;l?/;osn Jyoti
Pump type HSC HSC HSC
Motor serial no. NA NA 1067
Pump serial no. NA NA 6/8-BLE
Rated flow m3/h 1200 1200 480
Rated head m 35 35 40
75

m

160

2.53

160

Rated motor kw
Parameters
measured
1.43 0.43

Smart City

Atal Mission for Rejuvenation
and Urban Transformation

Total suction head
Total discharge head m 34 37 36
Average flow 3
delivered m3/h 995.17 783.63 460.43
Motor input power kw 137.34 147.95 63.45
Frequency Hz 50.05 49.98 50.04
Speed RPM 1472.00 1487.00 1487.33
Performance
evaluation
Total head developed m 31.47 35.57 35.57
Head utilization % 90% 102% 89%
Flow utilization % 83% 65% 96%
Hydraulic power kW kw 85.29 75.91 44.60
Motor input power kw 137.34 147.95 63.45
Calculated pumpset o o o o
efficiency % 62.10% 51.31% 70.29%
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Navlakha ZPS

INEWELGEWARS Navlakha ZPS

Parameters Pump-2 Pump-3 Pump-4
Rated motor % 95.8% 95.8% 95.8%
efficiency
Calculated pump % 64.82% 53.56% 73.38%
efficiency
Specific energy KWh/m? 138.01 188.80 137.80
consumption

Table 191: Parallel pump

Key Observations:

o Water is supplied to MES, Cantonment and Bindu Colony areas at different times. Pump no. 1 is

ing at Navlakha ZPS

Location Nl dn2
ZPS
Parameters measured 2,4
Total suction head m 1.80
Total discharge head m 34
Total flow m3/h 1467.93
Motor input power kw 185.74

Performance evaluation

Total head developed m 32.20

Head utilization 81%

Flow utilization 87%
Hydraulic power developed by KW 128.74

pump

Motor input kW kw 185.74
Calculated overall efficiency 69.31%
Motor efficiency 95.8%
Calculated pump efficiency 72.35%

Specific energy consumption

kWh/m3 | 126.53

dedicated for supply to MES.

o The pump set efficiencies of pumps 2, 3 and 4 were found to be 62.10%, 51.31% and 70.29%

respectively. The operating head of al three was found to be more than 80% of their rated head.
o Theoveral efficiency during parallel operation of pump nos. 2 and 4 was found to be 69.31%.

e NRV of al pumpsis not in working condition. All valves were found to be jammed and |eakage from

them was observed.

4.23.8 Auxiliaries

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same

is provided below.

In Pumping Stations

Table 192: Other auxiliary equipment at Navlakha ZPS - Transformer & Instrumentation
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Transformers details
Number of Transformers 1
Capacity (kVA) 315
Primary/Secondary voltages 11kV/440V
[ nstumentationatsie |
Suction pressure gauges Not Available
Discharge pressure gauges Tapping points are available on main header
Flow meter Not available
Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 193: Other electrical equipment at Navlakha ZPS - lighting

Lighting Type of lamp No. of Rating | Average
details fittings | (kW) Operating
hours
per day
CFL 1 0.028 12
Navlakha | Sodium Vapour 3 0.15 12

Sodium Vapour

(Pole) 3 0.15 12

Table 194: Other electrical equipment at Navlakha ZPS — auxiliary pumps and other loads

~ Average |
Type of No.of | Rating | Operating

Others Equipment | fittings (kw) neuE

per day

Auxiliary pumps and other

loads Exhaust 1 0.11 24

4.23.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Navlakha ZPS is provided in below table.

Table 195: Estimated annual energy consumption and water supply for Navlakha ZPS

Weighted Estimated

Annual I

name of Name of Operating operating average cliise

section pump Pattern hours power power
(hour/annum) consumption consumption
(kW) (kwh/annum)

Navlakha ZPS Pump-2 2&4 in parallel 767 137.34 105,393

operation but

Navlakha ZPS Pump-3 have separate 2,998 147.95 443,586

Navlakha ZPS Pump-4 pipe 327 63.45 20,748

Total 4,092 348.74 569,727
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4.24 Chhipitola Booster

4.24.1 Overview of existing systems

Chhipitola pump station is used for in-line boosting of treated water from Jeoni Mandi WTP. It isused for
feeding Chhipitola ESR. Two pumps are installed.

P1

ESR '
' /L~ 2000
4000 =——
TO ESR

P2

Figure 271: Plant Layout for Chhipitola Booster

4.24.2 Electricity Supply

Chhipitola booster receives supply at 440V from Torrent Power.

440V Supply
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Figure 272: Single line diagram for the Chhipitola Booster
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4.24.3 Tariff Structure

The electrical connection for Chhipitola ZPS is provided by Torrent Power. The connection is covered in
the LMV -7 tariff category of DVVNL.

Table 196: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Chhipitola |
Energy Meter (LT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.24.4 Electricity Bill Analysis

During energy audit, el ectricity bill datafor last 3 yearswas collected from Municipal Corporation. Details
of annua electricity consumption, annual electricity cost of last 3 years along with percentage increase
over previous year is provided in below table.

Table 197: Energy cost and energy consumption detail for Chhipitola Booster

Percentage Increase

Period of energy Energy . of energy Energy cost
. consumption .
bill (kWhiy) consumption over (Rs.ly)
y previous year (%)
Apr-14 to Mar-15 33,775 347,573
Apr-15 to Mar-16 31,906 -5.5% 375,842
Apr-16 to Mar-17 38,074 19.3% 475,609

o Itisobserved that the recorded demand has consistently exceeded the contract demand. As a result,
‘Excess demand charges' have been levied in addition to the regular demand charges every month.

Figure 273: Monthly electricity consumption and electricity bill for Chhipitola Booster
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4.24.5 Energy Consumption Pattern at Pumping Station

During energy audit, three phase power analyzer was installed on LT incomerfor recording variation of
electrical parameters.

Pump 1 in operation:

Voltage Profile:

Voltage
400.00

395.00 e

390.00 — —
385.00 \V/

380.00
375.00

S & & & & Q& & & & & QR
S & & & & & S & & S $
RNCHEPS ST CHRY~ S - YA U DY) B A SRR U
N S T Ve VS VA VS VA VI Ve

Figure 274: Voltage Variation during operation of pump-1

e Voltageisfound to vary between 384 and 396V .

Power consumption and Apparent power Profile:
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Figure 275: Power consumption variation during operation of pump-1

e Power consumption is observed to be around 10.4-10.7 kKW.
o Apparent power is observed to be around 12-12.5 kVA.

Power factor profile

PF

0.868
0.866 \\
0.864 —~———~_
0.862

0.86
0.858

NI T U RS R U ORI O
Q Q R R Q Q Q Q Q Q Q Q
ES R AU T S SNV S Y s N S SR

o o 5° O $ o el O <5 O < O

Figure 276: Power factor variation profile during operation of pump-1

e Power factor isfound to be around 0.86-0.87.

Frequency Profile:
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o Thefreguency was found to vary between 49.82 and 50.05 Hz.

Total Harmonics distortion (THD) - Current:
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Figure 278: Variation of THD in current during operation of pump-1

e Thecurrent THD is observed to be around 1.6%.

Total Harmonics distortion - Voltage:
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Figure 279: Variation in THD - voltage during operation of pump-1

e Voltage THD is observed to be around 1-1.3%.
Pump 2 in operation:

Voltage Profile:

Voltage
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Figure 280: Voltage Variation during operation of pump-2

e Voltageisfound to vary between 391 and 401V.

Power consumption and Apparent power Profile:
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Figure 281: Power consumption variation during operation of pump-2

e Power consumption isfound to be around 18.5-19 kW.
o Apparent power isfound to be around 19.5-20.5 kVA.

Power factor profile
PF
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Figure 282: Power factor variation profile during operation of pump-2

e Power factor isfound to be around 0.931-0.932.

Frequency Profile:

Frequency
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Figure 283: Frequency variation during operation of pump-2
o Thefreguency isfound to be less than 50 Hz, with minimum recorded around 49.82 Hz.
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Figure 284 Variation of THD in current during oper ation of pump-2

e THD in current isfound to be around 3.15-3.3%.

Total Harmonics distortion - Voltage:
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Figure 285 Variation in THD - voltage during oper ation of pump-2

o Voltage THD isfound to be around 1.15-1.3%.
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4.24.6 Pumping Station System Mapping
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Figure 286: P & ID diagram for Chhipitola boostes

4.24.7 Pumps Performance Evaluation

As per the methodology described in section -1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

e Datacollection

e  System mapping including collection of inventories, name plate details
o Measurements of flow, head and power input to motor

¢ Interaction with the site personnel on the operating practices

o Verification of Job card by the authorized representative of ULB

Table 198: General details of Chhipitola booster

Data Value / Details
Name of site Chhipitola booster
Name of Sub-section -
Classification (WTP,PS, SPS, STP) Booster station
Pumps installed 2
No. of pumps in operation 2
No. of pumps under maintenance 0
Other Details
Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Chhipitola booster to showcase the actual situation are provided below.
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View of pump house

Pumpsinstalled

Figure 287: Photographs of Chhipitola booster

Table 199: Performance Evaluation of pumpsat Chhipitola booster

Smart City

. Chhipitola  Chhipitola
Unit
Parameters Booster Booster
Pump-1 Pump-2
Pump make NA Jyoti
Motor make NA Kirloskar
Pump type HSC HSC
Motor serial no. NA NA
Pump serial no. NA 21089D
Rated flow m3/h 140.4
Rated head m 30
Rated motor kw 15 20

Parameters measured

Total suction head m -5.29 -5.29
Total discharge head m 14 13
Average flow delivered m3/h 119.10 90.10
Motor input power kw 18.31 10.99
Frequency Hz 49.90 49.82
Speed RPM 1452.67 1415.67

Performance evaluation

Total head developed m 19.29 18.29
Head utilization % - 61%
Flow utilization % -- 64%

Hydraulic power kW kw 6.26 4.49
Motor input power kw 18.31 10.99
Calculated pumpset % 34.16% | 40.85%

efficiency
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Chhipitola ~ Chhipitola
Booster Booster
Pump-1 Pump-2

Unit

Parameters

Rated motor efficiency % 90% 90%
Calculated pump % 37.96% 45.38%
efficiency
Specific energy KWh/m?3 153.76 121.94
consumption ' '

Key Observations:
o The pump set efficiencies of pumps 1 and 2 were found to be 34.16% and 40.85% respectively.
4.24.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 200: Other auxiliary equipment at Chhipitola booster - Transformer & Instrumentation

Paramete Deta
Transformers details

Number of Transformers 0
Capacity (kVA)

Primary/Secondary voltages

Instrumentation at site

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 201: Other electrical equipment at Chhipitola Booster - lighting

Lighting Type of lamp No. of Rating | Average

details fittings | (kW) Operating
 hours
per  perday

1 Tubelight 1 0.04 24
2 Bulb 1 0.1 12

4.24.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Chhipitola booster is provided in below table.

Table 202: Estimated annual energy consumption and water supply for Chhipitola booster
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Weighted Estimated

AT average annual
3 Operating operating 9
name of section Name of pump power power
Pattern hours . .
(hour/annum) consumption consumption
(kW) (kwWh/annum)
Chhipitola Booster | Pump-1 , 332 18.31 6,078
1 working
Chhipitola Booster | Pump-2 1,623 10.99 17,830
Total 1,955 29.3 23,908

4.25 Red Fort Booster
4.25.1 Overview of existing systems

The Red Fort booster is an in-line boosting pump house which receives water from Jeoni Mandi WTP and
suppliesit to Red Fort area. Two pumps are installed here, of which one was not in use for several months
at the time of audit. The pipeline from which the pump receives water is also used for direct distribution,
during which the suction valve of the Red Fort booster pump is closed.
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Figure 288: Plant Layout for Red Fort Booster

4.25.2 Electricity Supply

The Red Fort booster receives supply at 440V from Torrent Power.
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Figure 289: Single line diagram for the Red Fort Booster

4.25.3 Tariff Structure

The electrical connection for Red Fort booster is provided by Torrent Power. The connection is covered in
the LMV -7 tariff category of DVVNL.

Table 203: Tariff structure (From DVVNL FY 2016-17 Tariff order)

Description Red Fort booster \
Energy Meter (LT)

Meter serial number NA

Power supply 11 kV line

Energy charges Rs. 7.155 Per kVAh

Fixed/demand charge Rs. 290/kwW

(Basis : DVVNL Tariff Order for FY 2016-17)

4.25.4 Electricity Bill Analysis
During energy audit, electricity bill data was collected from ULB. Details of annual electricity

consumption, annual electricity cost of last 3 years along with percentage increase over previous year is
provided in below table.

Table 204: Energy cost and energy consumption detail for Red Fort Booster

Percentage Increase

Energy

Period of energy ; of energy Energy cost
. consumption :
bill (kWhly) consumption over (Rs.ly)
y previous year (%)
Apr-14 to Mar-15 Not Available Not Available Not Available
Apr-15 to Mar-16 Not Available Not Available Not Available
Apr-16 to Mar-17 4,185 65,593

Figure 290: Monthly electricity consumption and electricity bill for Red Fort Booster
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4.25.5 Energy Consumption Pattern at Pumping Station

At Red Fort booster station, one pump isin operation. The voltage was found to vary between a maximum
425.1V and aminimum 415.4 V, averaging 419.7 V. The power factor was found to be consistent from
0.881 to 0.882.

4.25.6 Pumping Station System Mapping
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Figure291 P & ID diagram for Red Fort booster

4.25.7 Pumps Performance Evaluation

As per the methodology described in section -1.4, the team had collected detailed information from the
pumping stations. Site data collection activities included the following:

Data collection

System mapping including collection of inventories, name plate details
Measurements of flow, head and power input to motor

Interaction with the site personnel on the operating practices
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e Verification of Job card by the authorized representative of ULB

Table 205: General details of Red Fort booster

Data Value / Details

Name of site Red Fort booster
Name of Sub-section -

Classification (WTP,PS, SPS, STP)  Booster station
Pumps installed 1

No. of pumps in operation 1

No. of pumps under maintenance 0

Other Details

Basis of pump operation Inlet supply from WTP
VFD installed (Yes/No) No

Photographs captured at Red Fort booster to showcase the actual situation are provided below.

View of pump house Pumpsinstalled

Figure 292: Photographs of Red Fort booster
Table 206: Performance Evaluation of pumpsat Red Fort booster

Performance evaluation for pump 1 could not be performed because pressure measurement was not
possible at site.

4.25.8 Auxiliaries In Pumping Stations

During the energy audit, auxiliary electrical load of pumping station were also studied and details of same
is provided below.

Table 207: Other auxiliary equipment at Red Fort booster - Transformer & Instrumentation

Transformers details
Number of Transformers 0
Capacity (kVA)
Primary/Secondary voltages
Instrumentation at site
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Parameters Details

Suction pressure gauges Not Available

Discharge pressure gauges Tapping points are available on main header

Flow meter Not available

Energy meter For whole facility at incoming feeder (DISCOM meter only)

Table 208: Other electrical equipment at Red Fort Booster - lighting

Lighting Type of lamp No. of Average
details fittings Operating

hours
per day

1 Bulb 1 0.1 24

4.25.9 Total Energy Consumption Estimation For Pump sets& Pumping Stations

During energy audit, measurements were conducted on individual pumps and operating hours of pumps
were aso collected from the available log books and from operators for estimating annual energy
consumption. Estimated energy consumption for Red Fort booster is provided in below table.

Table 209: Estimated energy consumption for Red Fort booster

Weighted
average
power
consumption
(kw)

Estimated
annual power
consumption
(kWh/annum)

Annual
Name of  Operating operating
pump Pattern hours
(hour/annum)

name of section

Red Fort Booster | Pump-1 1 working 1716 5.18 8883

4.26 Auxiliary Loads

Connected load —

HEEETO Auxiliaries (kW)
1 Old Intake Well 0.52
2 New Intake Well 0.38
3 New Jal Nigam Intake Well 0.74
4 Golkamra HT plant
5 Synchronous Plant 0.04
6 Flowmore Plant 0.695
7 8 VT Plant 0.845
8 Sanjay Place 2.046
9 Kotwali ZPS 0.905
10 Surya Nagar ZPS 4.333
11 Mathura Road ZPS 1.7
12 Trans Yamuna ZPS
13 Lawyer's Colony ZPS 0.36
. 14 Nirbhay Nagar ZPS 0.558
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Smart City

Connected load —

Leezien Auxiliaries (kW)
15 Lohamandi ZPS 0.5
16 Keshavkunj ZPS (Bodla ZPS) 0.395
17 Shahganj Phase-1 ZPS 0.917
18 Shahganj Phase-2 0.255
19 Kedar Nagar 1.165
20 Tajganj ZPS 0.3
21 Rakabganj ZPS 0.228
22 Navlakha ZPS 1.038
23 Chhipitola Booster 0.14
24 Red Fort Booster 0.1
Total 15.785
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5 Baseline Assessment

Estimation of baseline is the key element in design and development of any energy efficiency project. It
play an important role in determining the savings associated with the implementation of energy efficiency
measure (EEM) and determining the techno-financial feasibility of the EEM. In case of Municipal Energy
Efficiency Programme (MEEP), the basdline is affected by many parameters including the changesin the
system due to addition of command area, seasona variations, increase in popul ation affecting the flow (Q)
and the head (H).

Measurement and Verification (M&V) is the term given to the process for quantifying savings delivered
by an Energy Efficiency Measure (EEM). It includes energy saving verification process involving
measurements and reporting. M & V methodology followed in this project includes following
measurement schedule

a Measurement of parameters pre EEM implementation using portabl e instruments

b. Measurement of parameters post EEM implementation using portable instruments.

Energy savings are calculated as the difference in power drawn (in pre and post implementation scenario)
multiplied by the operating hours mentioned in this report. Baseline of this project will be estimated based
on pre EEM implementation measurements, conducted just before installation of new EEPS at pumping
station.

5.1 Definition of possible and operating combinations

In ULBS, especialy in case of pumping stations, where the pumps are connected in parallel, the pump
operated in various combinations. For the purpose of this document, these combinations are defined as
possible combinations. For example, for if 3 pumps are connected in parallel, there are 7 possible
combinations considering three different pumpsi.e.

Pump 1 Pump 1+ Pump 2
Pump 2 Pump 2+ Pump 3 Pump 1+Pump 2+Pump 3
Pump 3 Pump 3 +Pump 1

However, the ULB might be operating the pumps only in three combination, depending on the flow
requirement, from the one discussed above. For the purpose of this document, these combinations are
defined as operating combinations.

Operating Combination 1 Operating Combination 2 Operating Combination 3

| Pump 1 Pump 1+ Pump 2 Pump 1+Pump 2+Pump 3 |

5.2 Key measurements for determining baseline or pre
implementation level

To determine baseline, the following parameters would be measured during pre-implementation period
(just before installation of new energy efficient pumps) for each operating combination.
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i. Power Consumption, voltage, frequency (kW, Volt, hz)

Data Unit kW, Volt, hz
. Voltage, frequency and power consumption of all operating
Description 2 : . -
combinations at site (pre and post implementation)
Source of Data On site measurement using calibrated portable instrument (power
analyzer)

Description of measurement
methods and procedures to Instantaneous onsite measurement using portable power analyzer
be applied

QA/QC procedures to be
applied

Calibrated instrument from a NABL accredited laboratory

ii. Flow rate (m%hr)

Data Unit i

Description FIow'rate dellvergd for all operating combinations at site (pre and
post implementation)

Source of Data ggtzl;t)e measurement using calibrated portable instruments (flow

Description of measurement
niEiglele STl Mol felel=le [l (<SRl [nstantaneous onsite measurement using portable flow meter
be applied

QA/QC procedures to be

applied Calibrated instrument from a NABL accredited laboratory

ii.  Head (m)

Data Unit meters (m)
D o Average head delivered for all operating combinations at site (pre
escription . ;
and post implementation)

Source of Data On site measurement using calibrated instruments

Description of measurement
methods and procedures to
be applied

Instantaneous onsite measurement using pressure gauge installed at
both the suction and discharge side of the pump

QA/QC procedures to be
applied

Calibrated instrument from a NABL accredited laboratory

5.3 Baseline

The baselines energy consumption measurement for existing water pumping station will be established
using pre implementation (just before installation of new pumps) measurements on existing pumps. Most
of the electric parameters would be measured instantaneously using portable instruments, while operating
hours would be provided by this report.

The baseline would be:
BaselineEnergyConsumptionofapump(kWh) = kW1 X hoursofoperation1 + kW2 x hoursofoperation2 + ---.
.... represent operating combination of pump

NN

S mart city Atal Mission for Rejuvenation

and Urban Transformation

IIRT FAIR 1T
AGRA NAGAR NIGAM




BaselineEnergyConsumptionofaULB(kWh) = Baselineofpump1 + Baselineofpump2 + ---.
Where 1, 2 ... represent baseline energy consumption of pumps of ULB

Baseline of this project will be estimated based on pre-implementation measurements, conducted just
before installation of new EEPS at pumping station. Table 210 provides estimated present energy
consumption of pumps (in different operating combination) based on data provided in this report.
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Table 210: Estimated energy consumption for Agra

Power Hours Baseline
. . Pump . Flow rate = Frequency Head Voltage : Energy
NEGTD @i [P e SEEe Reference consumption DasEline Consumption
() (m3/hr.) (Hz2) (1) (hours) (kWh)
8 VT Plant, Water Works Pump-5 200 1,255 50 22 407 6,267 1,254,300
8 VT Plant, Water Works Pump-6 173 1,281 50 18 415 2,550 441,212
8 VT Plant, Water Works Pump-7 217 1,287 50 20 418 2,761 599,114
Total 590 3,823 11,578 2,294,626
Old Intake Well Pump-6 230 2,249 50 13 410 4,775 1,096,579
Total 230 2,249 4,775 1,096,579
New Intake Well Pump-1 105 1,015 50 11 413 6,311 661,671
New Intake Well Pump-2 134 2,079 50 12 419 6,679 892,321
Total 238 3,095 12,990 1,553,993
New Jal Nigam Intake well Pump-2 96 1,113 50 12 396 4,091 391,767
New Jal Nigam Intake well Pump-3 115 1,080 50 12 399 3,583 410,544
Total 210 2,193 7,674 802,311
Sanjay Place, Maithan side Pump 5 38 292 50 21 437 1,330 50,853
Sanjay Place, Hariparvat Side. | pump-1 34 359 50 10 443 1,339 45,823
Sanjay Place, Hariparvat Side. | Pump-4 61 574 50 13 418 1,339 81,414
Sanjay Place, Hariparvat Side. | pump-5(0) 44 99 50 52 443 1,341 58,471
Total 177 1,325 5,348 236,561
Kotwali ZPS Pump-1 28 232 50 6 422 702 19,565
Total 28 232 702 19,565
Mathura Road ZPS Pump-2 41 408 50 16 428 1,076 44,532
Mathura Road ZPS Pump-3 28 150 50 15 430 726 20,033
Total 69 558 1,802 64,565
3 = * *
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Due to site constraints/operational constraints, different operating combinations of the pumps could not be tested.

Smart City

Name of pumping station

Pump
Reference

Power
consumption

(kW)

Flow rate

(m3/hr.)

Frequency

(Hz)

Voltage

(V)

Hours
baseline

(hours)

Baseline
Energy

Consumption

(kWh)

Trans Yamuna ZPS Pump-1 35 367 50 9 411 913 32,096
Total 35 367 913 32,096
Pump-1
Lawyer's Colony ZPS (Lawyer's 35 232 49 28 406 3,912 136,019
Colony)
Pump-2
Lawyer's Colony ZPS (Lawyer's 35 119 50 28 408 3,914 137,864
Colony)
Total 70 351 7,826 273,883
Shahganj Phase-1 ZPS Pump-1 65 352 50 12 400 807 52,489
Total 65 352 807 52,489
Shahganj Phase-2 Pump-5 66 439 50 22 376 3,682 242,519
Total 66 439 3,682 242,519
Rakabganj ZPS Pump-2 77 792 50 5 383 700 53,741
Total 77 792 700 53,741
Navlakha ZPS Pump-3 148 784 50 36 442 2,998 443,586
Total 148 784 2,998 443,586
Chhipitola Booster Pump-2 11 90 50 18 397 1,623 17,830
Total 11 90 1,623 17,830
TOTAL 63,419 7,184,344
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6 Energy Efficiency Measures

6.1 Summary of Energy Efficiency Measures

A summary of the proposed energy efficiency measures at Pumping Stations in Agrais provided in the table below.
Table 211: Overall summary of energy conservation measures

Present annual Annual Energy  Investment Energy Cost
energy Saving per

consumption SETIYS CEst (R, annum
(kWh/year) (EED) L) (Rs. Lakh)

Payback Percentage of
Period energy saving
(Months) (%)

Energy Efficiency Measures (EEM)

(\[oB

Pumping System

Replacement of Pump-5 at 8 VT Plant,
1 | Water Works, Jeoni Mandi with energy 1,254,300 645,356 19.92 51.31 5 51%
efficient pump set

Replacement of Pump-6 at 8 VT Plant,
2 | Water Works, Jeoni Mandi with energy 441,212 193,443 19.92 15.38 16 44%
efficient pump set

Replacement of Pump-7 at 8 VT Plant,
3 | Water Works, Jeoni Mandi with energy 599,114 330,890 19.92 26.31 9 55%
efficient pump set

Replacement of Pump-6 at Old Intake
4 | Well, Jeoni Mandi with energy efficient 1,096,579 541,292 28.62 43.03 8 49%
pump set

Replacement of Pump-1 at New Intake
5 | Well, Jeoni Mandi with energy efficient 661,671 327,674 20.97 26.05 10 50%
pump set
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Present annual Annual Energy  Investment Energy Cost
energy Saving per

consumption eI COE (RS, annum
(kWhiyear) (5HueEn) L) (Rs. Lakh)

Payback Percentage of
Period energy saving
(Months) (%)

Energy Efficiency Measures (EEM)

Replacement of Pump-2 at New Intake
6 | Well, Jeoni Mandi with energy efficient 892,321 115,611 35.90 9.19 a7 13%
pump set

Replacement of Pump-2 at New Jal
7 | Nigam Intake well, Jeoni Mandi with 391,767 175,275 20.97 13.93 18 45%
energy efficient pump set

Replacement of Pump-3 at New Jal
8 | Nigam Intake well, Jeoni Mandi with 410,544 220,904 20.97 17.56 14 54%
energy efficient pump set

Replacement of Pump-5 at Sanjay Place,
9 | Mauthan Side. with energy efficient pump 50,853 16,828 8.73 1.34 78 33%
set

Replacement of Pump-1 at Sanjay Place,
10 | Hariparvat Side. with energy efficient 45,823 19,532 10.92 1.55 84 43%
pump set

Replacement of Pump-4 at Sanjay Place,
11 | Hariparvat Side. with energy efficient 81,414 38,445 17.15 3.06 67 47%
pump set

Replacement of Pump-5(0) at Sanjay
12 | Place, Hariparvat Side. with energy 58,471 32,014 8.18 2.55 39 55%
efficient pump set

Replacement of Pump-1 at Kotwali ZPS

0
13 with energy efficient pump set 19,565 12,405 5.75 0.99 70 63%
Replacement of Pump-2 at Mathura o
14 Road ZPS with energy efficient pump set 44,532 19,447 10.86 1.55 84 44%
15 Replacement of Pump-3 at Mathura 20,033 13,637 6.39 108 71 68%

Road ZPS with energy efficient pump set
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Energy Efficiency Measures (EEM)

Present annual

energy

consumption

Investment
Cost (Rs.

Annual Energy
SEWIE

Energy Cost
Saving per
annum

Payback
Period

Percentage of
energy saving

0,
(kWhiyear) (kWh/year) Lakh) (Rs. Lakh) (Months) (%)
Replacement of Pump-1 at Trans
16 | Yamuna ZPS with energy efficient pump 32,096 16,341 8.80 1.30 81 51%
set
Replacement of Pump-1 (Lawyer's
17 | Colony) at Lawyer's Colony ZPS with 136,019 35,946 8.73 2.86 37 26%
energy efficient pump set
Replacement of Pump-2 (Lawyer's
18 | Colony) at Lawyer's Colony ZPS with 137,864 86,044 8.20 6.84 14 62%
energy efficient pump set
Replacement of Pump-1 at Shahgan;
19 | Phase-1 ZPS with energy efficient pump 52,489 37,113 9.42 2.95 38 71%
set
Replacement of Pump-5 at Shahgan; o
20 Phase-2 with energy efficient pump set 242,519 109,617 12.11 8.71 17 45%
Replacement of Pump-2 at Rakabganj
21 ZPS with energy efficient pump set 53,741 31,695 14.52 2.52 69 59%
2 | Replacement of Pump-3 at Navlakha 443,586 154,038 9.07 12.25 9 35%
ZPS with energy efficient pump set
Replacement of Pump-2 at Chhipitola o
23 Booster with energy efficient pump set 17,830 7,119 2:50 0.57 53 40%
Subtotal 7,184,344 3,180,667 328.53 252.86 16 44.27%
Auxiliary loads
24 | Installation of APFC panel at Sanjay _ ) 6.49 9.76 8 _
Place
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Preseer:lérannual Annual Energy | Investment Eg:\;?ny C(;Srt Payback Percentage of
Energy Efficiency Measures (EEM) consum%):ion SEWIE Cost (Rs. anngrg Period energy saving
0
(KWh/year) (kWh/year) Lakh) (Rs. Lakh)  (Months) (%)

o5 | Installation of APFC panel at Kotwali i} N 1.73 207 10 )
ZPS

26 | Installation of APFC panel at Surya i} ) 288 4.07 9 i
Nagar ZPS

27 | Installation of APFC panel at Mathura ; ) 1.73 3.48 6 )
Road ZPS

2g | Installation of APFC panel at Trans ) 3 1.01 0.19 63 )
Yamuna ZPS

2g | Installation of APFC panel at Lawyer's ; ) 1.95 3.42 7 )
Colony ZPS

3p | Installation of APFC panel at Nirbhay ) ) 1.01 0.15 82 )
Nagar ZPS

31 | Installation of APFC panel at Lohamandi ; ) 3.61 6.14 7 )
ZPS

3o | Installation of APFC panel at Keshavkunj ) ) 5.19 1.39 45 )
(Bodla) ZPS

33 | Installation of APFC panel at Shahganj ; 3 5.77 16.44 4 )
Phase-1 ZPS

34 | Installation of APFC panel at Shahganj i} ) 4.33 553 9 )
Phase-2

35 | Installation of APFC panel at Kedar i} ) 1.01 1.19 10 i
Nagar

3¢ | Installation of APFC panel at Tajgan; i} ) 6.13 3.08 o )
ZPS

37 | Installation of APFC panel at Rakabgan] ) ) 361 514 8 i
ZPS

38 Iznl'astsallation of APFC panel at Navlakha ) N 3.24 6.75 6 )
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Present annual

Energy Cost

ener Annual Energy | Investment Saving per Payback Percentage of
Energy Efficiency Measures (EEM) 9y SEWIE Cost (Rs. gp Period energy saving
consumption (kWh/year) Lakh) aniin (Months) (%)
(kWh/year) (Rs. Lakh)

39 Installation of capacitor at Chhipitola _ } 0.18 0.25 9 _
Booster

40 Installation of capacitor at Red Fort _ ) 0.05 0.04 17 _
Booster

Subtotal 49.91 69.09 9

Replacement of existing lighting

41 | equipment at Old Intake Well with LED 919.8 525.6 0.03 0.04 10 57%
lamps
Replacement of existing lighting

42 | equipment at New Intake Well with LED 854.1 411.72 0.02 0.03 6 48%
lamps
Replacement of existing lighting

43 | equipment at New Jal Nigam Intake Well 4204.8 2312.64 0.10 0.18 7 55%
with LED lamps
Replacement of existing lighting

44 | equipment at Synchronous with LED 350.4 192.72 0.01 0.02 7 55%
lamps
Replacement of existing lighting

45 | equipment at Flowmore Plant with LED 1335.9 1020.54 0.03 0.08 5 76%
lamps
Replacement of existing lighting 0

46 equipment at 8 VT Plant with LED lamps 854.1 617.58 0.03 0.05 6 2%
Replacement of existing lighting

47 | equipment at Sanjay Place with LED 3048.48 1787.04 0.32 0.14 27 59%
lamps
Replacement of existing lighting

48 | equipment at Kotwali ZPS with LED 2211.9 1300.86 0.18 0.10 21 59%
lamps
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Present annual

Energy Cost
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ener Annual Energy | Investment Saving per Payback Percentage of
Energy Efficiency Measures (EEM) 9y SEWIE Cost (Rs. gp Period energy saving
consumption (kWh/year) Lakh) aniin (Months) (%)
(kWh/year) (Rs. Lakh)
Replacement of existing lighting
49 | equipment at Surya Nagar ZPS with 7765.74 4673.46 0.71 0.37 23 60%
LED lamps
Replacement of existing lighting
50 | equipment at Mathura Road ZPS with 7446 4467.6 0.89 0.36 30 60%
LED lamps
Replacement of existing lighting
51 | equipment at Trans Yamuna ZPS with 306.6 227.76 0.02 0.02 12 74%
LED lamps
Replacement of existing lighting
52 | equipment at Lawyer's Colony ZPS with 846.8 502.24 0.10 0.04 29 59%
LED lamps
Replacement of existing lighting
53 | equipment at Nirbhay Nagar ZPS with 2444.04 1419.12 0.29 0.11 31 58%
LED lamps
Replacement of existing lighting
54 | equipment at Lohamandi ZPS with LED 671.6 487.64 0.03 0.04 8 73%
lamps
Replacement of existing lighting
55 | equipment at Keshavkunj ZPS with LED 854.1 459.9 0.04 0.04 14 54%
lamps
Replacement of existing lighting
56 | equipment at Shahganj-1 ZPS with LED 3578.46 1949.1 0.30 0.15 23 54%
lamps
Replacement of existing lighting
57 | equipment at Shahganj Phase-2 ZPS 635.1 398.58 0.03 0.03 10 63%
with LED lamps
Replacement of existing lighting
58 | equipment at Kedar Nagar with LED 1598.7 889.14 0.08 0.07 13 56%
lamps
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Present annual

Energy Cost
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ener Annual Energy | Investment Saving per Payback Percentage of
Energy Efficiency Measures (EEM) 9y SEWIE Cost (Rs. gp Period energy saving
consumption (kWh/year) Lakh) aniin (Months) (%)
(kWh/year) (Rs. Lakh)
Replacement of existing lighting
59 | equipment at Tajganj ZPS with LED 1357.8 779.64 0.11 0.06 20 57%
lamps
Replacement of existing lighting
60 | equipment at Navlakha ZPS with LED 4064.64 2409 0.54 0.19 34 59%
lamps
Replacement of existing lighting
61 | equipment at Chhipi Tola ZPS with LED 788.4 551.88 0.02 0.04 5 70%
lamps
Replacement of existing lighting
62 | equipment at Red Fort Booster with LED 876 718.32 0.01 0.06 2 82%
lamps
Subtotal 47013.46 28102.08 3.85 2.23 21 60%
TOTAL 7,231,358 3,208,769 332.39 255.10 16 44%
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6.2 Detailed Energy Efficiency Measures
6.2.1 Replacement of old pump sets with new, efficient pump sets

Existing operating conditions. The existing pump sets in most pump stations are quite old and were
observed to be operating away from their best efficiency point. A number of pump setswere in breakdown
condition.

Recommendations. The present operating pump efficiency of many pump sets across pump housesisless
than 55%. Therefore, it is suggested to replace existing pumps with energy efficient pump to reduce the
energy consumption. A total of 23 nos. of pump sets have been identified for replacement.

Cost benefit analysis: Expected savings from the replacement of pump setsis about 3,180,667 kWh per
year, which would result in a cost benefit of about Rs. 252.86 Lakh per year. Estimated investment for
implementation of this measure is about Rs 328.53 Lakh, which includes cost of pump set, installation
cost, cost of NRV, gate valve and cost of Web based dashboard. Simple payback period of thisintervention
is estimated to be about 16 months. Detailed cost benefit analysis for each pump house is given in the
tables below:

Table 212: Cost benefit analysis of pump replacement at 8VT Plant

8 VT Plant 8 VT Plant 8 VT Plant

Description

Pump-5 Pump-6 Pump-7

Rated Parameters

Flow delivered m3/hr. 1226 1212 1212
Head developed M 53 47 a7
Motor power consumption kw 260 220 220
Measured Parameters

Flow delivered ms/hr. 1255 1281 1287
Head developed M 22 18 20
Motor power consumption kw 200 173 217
Calculated efficiency of pumpset % 37.18% 36.91% 32.13%
Proposed Parameters

Flow of the pump ms/hr. 1250 1250 1250
Head of the pump M 22 22 22
Power of the motor on existing duty point kw 97.16 97.16 97.16
Prgptosed efficiency of pump set on existing duty % 77% 77% 77%
?)%Zrating hours of the pump Hours 6267 2550 2761
Electricitytariff Rs./kWh 7.95 7.95 7.95
Annual energy saving kKWh 645356 193443 330890
Annual cost saving Rs. Lakhs 51.31 15.38 26.31
'Investm'ent towards new 'pumpsgt inclyding Rs. Lakh 17.61 17.61 17.61
installation and commissioning, including GST
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Description

8 VT Plant

8 VT Plant

8 VT Plant

Pump-5

Pump-6

Pump-7

Investment towards NRV replacement including

GST Rs. Lakh 1.06 1.06 1.06
Investment towards gate valve replacement

including GST Rs. Lakh 1.18 1.18 1.18
Investment towardsWeb based dashboard

including GST Rs. Lakh 0.08 0.08 0.08
Payback period Months 5 16 9

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 213: Cost benefit analysis of pump replacement at Old and New Intake Wells

Rated Parameters

Units

Old
Intake
Well

Pump-6

New
Intake
Well

Pump-1

New
Intake
Well

Pump-2

Smart City

Atal Mission for Rejuvenation
and Urban Transformation

Flow delivered ms/hr. 3180 2460 3180
Head developed M 15 16 16
Motor power consumption kw 185 150 180
Measured Parameters
Flow delivered
Head developed M 13 11 12
Motor power consumption kw 230 105 134
Calculated efficiency of pumpset % 35.12% 29.14% 51.07%
Proposed Parameters ‘ ‘
Flow of the pump ms/hr. 2200 1000 2200
Head of the pump M 15 15 15
Power of the motor on existing duty point kw 116.29 52.92 116.29
Proposed efficiency of pump set on existing % 7% 7% 7%
duty point
Operating hours of the pump Hours 4775 6311 6679
Electricitytariff Rs./kWh 7.95 7.95 7.95
Annual energy saving kWh 541292 327674 115611
Annual cost saving Rs. Lakhs 43.03 26.05 9.19
Investment towards new pumpset including Rs. Lakh 28.54 16.04 28.54
installation and commissioning, including
GST
Investment towards NRV replacement
including GST Rs. Lakh 0.00 2.29 3.52
Investment towards gate valve replacement
including GST Rs. Lakh 0.00 2.56 3.76
Investment towardsWeb based dashboard
including GST Rs. Lakh 0.08 0.08 0.08
Payback period Months 8 10 a7
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Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 214: Cost benefit analysis of pump replacement at New Jal Nigam Intake Well

Description New Jal New Jal
Nigam Nigam
Intake Intake
well well
Rated Parameters Pump-2 Pump-3
Flow delivered ms/hr. 1950 1950
Head developed M 16 16
Motor power consumption kw 132 132
Measured Parameters
Flow delivered ms/hr. 1113 1080
Head developed M 12 12
Motor power consumption kw 96 115
Calculated efficiency of pumpset % 38.17% 30.83%
Flow of the pump mé/hr. 1000 1000
Head of the pump M 15 15
Power of the motor on existing duty point kw 52.92 52.92
Proposed efficiency of pump set on existing duty point % 7% 7%
Operating hours of the pump Hours 4091 3583
Electricitytariff Rs./kWh 7.95 7.95
Annual energy saving kWh 175275 220904
Annual cost saving Rs. Lakhs 13.93 17.56
Investment towards new pumpset including installation and Rs. Lakh 16.04 16.04
commissioning, including GST
Investment towards NRV replacement including GST Rs. Lakh 2.29 2.29
Investment towards gate valve replacement including GST Rs. Lakh 2.56 2.56
Investment towardsWeb based dashboard including GST Rs. Lakh 0.08 0.08
Payback period Months 18 14

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 215: Cost benefit analysis of pump replacement at Sanjay Place ZPS

Description Units SENIE SENIE SENIE SENIE
Place, Place, Place, Place,
Maithan Hariparvat Hariparvat Hariparvat

Side. Side. Side. Side.
pump-5 Pump-1 Pump-4 Pump-5(0)

Rated Parameters
Flow delivered mS3/hr. 324 300 648 *NA

Head developed M 30 35 30 *NA
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Description

Units

SERIEY
Place,
Maithan
Side.
pump-5

Sanjay
Place,
Hariparvat
Side.
Pump-1

SERIEY
Place,

Hariparvat

Side.

Pump-4

SENIE
Place,
Hariparvat
Side.
Pump-5(0)

Measured Parameters

Flow delivered ms/hr. 292 359 574 99
Head developed M 21 10 13 52
Motor power consumption kw 38 34 61 44
Calculated efficiency of pumpset % 43.29% 28.72% 34.14% 32.16%
Flow of the pump mé3/hr. 250 350 600 100
Head of the pump M 28 15 15 50
Power of the motor on existing duty point kw 25.58 19.64 32.10 19.73
Z;?S'Ct’i‘r’lzegu?;ﬁ;ﬁgfy of pump set on % 75% 73% 76% 69%
Operating hours of the pump Hours 1330 1339 1339 1341
Electricitytariff Rs./kWh 7.95 7.95 7.95 7.95
Annual energy saving kwh 16828 19532 38445 32014
Annual cost saving Rs. Lakhs 1.34 1.55 3.06 2.55
Investment towards new pumpset

including installation and commissioning, Rs. Lakh 7.41 9.59 15.82 6.86
including GST

:QZEscjtir;‘ge’gé"Twards NRV replacement Rs.Lakh | 0.59 0.59 0.59 0.59
:’;‘Sf:ggrﬁgtnf’i‘r’w";ﬁn%ags"?'ve Rs.Lakh | 0.66 0.66 0.66 0.66
:Q(‘:’I‘sttir:ge’géﬂwardsweb based dashboard | ps | akh | 0.08 0.08 0.08 0.08
Payback period Months 78 84 67 39

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 216: Cost benefit analysis of pump replacement at Kotwali ZPS

Kotwali ZPS
Pump-1

Units

Description

Rated Parameters

Flow delivered m3/hr. 324
Head developed M 30
Motor power consumption kw 37

Measured Parameters
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Flow delivered m3/hr. 232
Head developed M 6
Motor power consumption kw 28
Calculated efficiency of pumpset % 13.14%
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Description

Proposed Parameters

Kotwali ZPS
Pump-1

Flow of the pump ms/hr. 225

Head of the pump M 12

Power of the motor on existing duty point kw 10.20

Proposed efficiency of pump set on existing % 72%

duty point

Operating hours of the pump Hours 702

Electricitytariff Rs./kWh 7.95

Annual energy saving kWh 12,405

Annual cost saving Rs. 0.99
Lakhs

Investment towards new pumpset including Rs. 5.05

installation and commissioning, including Lakh

GST

Investment towards NRV replacement Rs.

including GST Lakh 0.27

Investment towards gate valve replacement Rs.

including GST Lakh 0.35

Investment towardsWeb based dashboard Rs.

including GST Lakh 0.08

Payback period Months 70

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 217: Cost benefit analysis of pump replacement at Mathura Road ZPS

Description

Rated Parameters

Mathura Mathura

Road
VAR

Road
VAR

Pump-2 Pump-3

Measured Parameters

Flow delivered ms/hr. 300 300
Head developed M 35 35
Motor power consumption kw 37 37

Flow delivered m3/hr. 408 150
Head developed M 16 15
Motor power consumption kw 41 28
Calculated efficiency of pumpset % 43.87% | 22.45%

Proposed Parameters ‘

Flow of the pump mé/hr. 350 120
Head of the pump M 18 18

Power of the motor on existing duty point kw 23.31 8.81
Proposed efficiency of pump set on existing duty point % 74% 67%
Operating hours of the pump Hours 1076 726
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Mathura Mathura

Description Road Road
ZPS ZPS
Pump-2 Pump-3
Electricitytariff Rs./kwWh 7.95 7.95
Annual energy saving kWwh 19447 13637
Annual cost saving Rs. Lakhs 1.55 1.08
Lr;vn?i?sqseir;tntiﬁ\év'air:;und(?nwgpégﬂ_lp_)set including installation and Rs. Lakh 953 507
Investment towards NRV replacement including GST Rs. Lakh 0.59 0.59
Investment towards gate valve replacement including GST Rs. Lakh 0.66 0.66
Investment towardsWeb based dashboard including GST Rs. Lakh 0.08 0.08
Payback period Months 84 71

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 218: Cost benefit analysis of pump replacement at Trans Yamuna ZPS

Description

Rated parameters

Units

Trans
Yamuna
VA
Pump-1

Flow delivered ms/hr. 300
Head developed M 32
Motor power consumption kw 37

Measured Parameters

Flow delivered ms/hr. 367
Head developed M 9
Motor power consumption kw 35
Calculated efficiency of pumpset % 26.79%

Proposed Parameters

Flow of the pump m3/hr. 300
Head of the pump M 15
Power of the motor on existing duty point kw 17.27
Proposed efficiency of pump set on existing duty point % 71%
Operating hours of the pump Hours 913
Electricitytariff Rs./kWh 7.95
Annual energy saving kWh 16341
Annual cost saving Rs. Lakhs 1.30
Investment towards new pumpset including installation and Rs. Lakh 8.72
commissioning, including GST

Investment towards NRV replacement including GST Rs. Lakh 0.00
Investment towards gate valve replacement including GST Rs. Lakh 0.00
Investment towardsWeb based dashboard including GST Rs. Lakh 0.08
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Description

Payback period Months

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 219: Cost benefit analysis of pump replacement at Lawyers’ Colony ZPS

Description Lawyer's Lawyer's
Colony ZPS Colony ZPS
Rated Parameters Pump-1 Pump-2
(Lawyer's (Lawyer's
Colony) Colony)
Flow delivered ma3/hr. 270 270
Head developed M 34 34
Motor power consumption kW 37 37
Flow delivered m?3/hr. 232 119
Head developed M 28 28
Motor power consumption kW 35 35
Calculated efficiency of pumpset % 51.75% 25.71%
Flow of the pump ma/hr. 250 125
Head of the pump M 28 28
Power of the motor on existing duty point kwW 25.58 13.24
Prgptosed efficiency of pump set on existing duty % 75% 7204
in
?)c;erating hours of the pump Hours 3912 3914
Electricitytariff Rs./kWh 7.95 7.95
Annual energy saving kWh 35946 86044
Annual cost saving Rs. Lakhs 2.86 6.84
Igé(_erstment towards NRV replacement including Rs. Lakh 0.59 0.59
:QZESdtlr:gerg éczrwards gate valve replacement Rs. Lakh 0.66 0.66
IIQ(\:/Esdtlr:gerg éczrwardsWeb based dashboard Rs. Lakh 0.08 0.08
Payback period Months 37 14

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.
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Table 220: Cost benefit analysis of pump replacement at Shahganj Phase-1 ZPS

Description

Rated Parameters

Units

Shahganj
Phase-1
ZPS

Pump-1

Flow delivered m3/hr. 600
Head developed M 32
Motor power consumption kw 75
Measured Parameters

Flow delivered m3/hr. 352
Head developed M 12
Motor power consumption kw 65
Calculated efficiency of pumpset % 17.38%
Proposed Parameters

Flow of the pump m3/hr. 350
Head of the pump M 14
Power of the motor on existing duty point kW 19.04
Prpp_osed efficigncy of pump set on % 70%
existing duty point

Operating hours of the pump Hours 807
Electricitytariff Rs./kWh 7.95
Annual energy saving kWh 37113
Annual cost saving Rs. Lakhs 2.95
Investment towards new pumpset

including installation and commissioning, Rs. Lakh 8.72
including GST

::(\:/Esdtlr:gerg éc_)rwards NRV replacement Rs. Lakh 0.27
IIQ(\:/Esdtlr:gerg éczrwardsWeb based dashboard Rs. Lakh 0.08
Payback period Months 38

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 221: Cost benefit analysis of pump replacement at Shahganj Phase-2 ZPS

Description

Rated Parameters

Units

Shahganj
Phase-2

Pump-5

Flow delivered m3/hr. 600
Head developed M 31
Motor power consumption kw 75

Measured Parameters
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Description

Flow delivered m3/hr. 439
Head developed M 22
Motor power consumption kw 66
Calculated efficiency of pumpset % 40.80%
Proposed Parameters
Flow of the pump mé/hr. 400
Head of the pump M 25
Power of the motor on existing duty point kW 38.95
Proposed efficiency of pump set on existing duty point % 70%
Operating hours of the pump Hours 3682
Electricitytariff Rs./kWh 7.95
Annual energy saving kWh 99125
Annual cost saving Rs.
Lakhs /.88

Investment towards new pumpset including installation and Rs. 15.09
commissioning, including GST Lakh '

Rs. 0.59
Investment towards NRV replacement including GST Lakh '

Rs. 0.66
Investment towards gate valve replacement including GST Lakh '

Rs. 0.08
Investment towardsWeb based dashboard including GST Lakh '
Payback period Months 25

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 222: Cost benefit analysis of pump replacement at Rakabganj ZPS

Description

Rated Parameters

Units

Rakabganij
ZPS
Pump-2

Flow delivered ms/hr. 648
Head developed M 30
Motor power consumption kw 75

Measured Parameters

Proposed Parameters

Flow delivered ms/hr. 792
Head developed M 5
Motor power consumption kw 77
Calculated efficiency of pumpset % 14.26%

Flow of the pump m3/hr. 700
Head of the pump M 12
Power of the motor on existing duty point kw 31.47
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Description Rakabganij
ZPS
Pump-2
Proposed efficiency of pump set on existing duty point % 73%
Operating hours of the pump Hours 700
Electricitytariff Rs./kWh 7.95
Annual energy saving kwh 31695
Annual cost saving Rs. Lakhs 2.52
Investment towards new pumpset including installation and Rs. Lakh 13.19
commissioning, including GST
Investment towards NRV replacement including GST Rs. Lakh 0.59
Investment towards gate valve replacement including GST Rs. Lakh 0.66
Investment towardsWeb based dashboard including GST Rs. Lakh 0.08
Payback period Months 69

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 223: Cost benefit analysis of pump replacement at Navlakha ZPS

Description

Units

Rated Parameters

NEVIEUGED
ZPS
Pump-3

Measured Parameters

Flow delivered ms/hr. 1200
Head developed M 35
Motor power consumption kw 160

Flow delivered 784
Head developed M 36
Motor power consumption kw 148
Calculated efficiency of pumpset % 51.31%

Proposed Parameters

Smart City
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Flow of the pump m3/hr. 800
Head of the pump M 35
Power of the motor on existing duty point kw 96.57
Proposed efficiency of pump set on existing duty point % 79%
Operating hours of the pump Hours 2998
Electricitytariff Rs./kWh 7.95
Annual energy saving kWh 154038
Annual cost saving Rs. Lakhs 12.25
Investment towards new pumpset including installation and Rs. Lakh
commissioning, including GST .75
Investment towards NRV replacement including GST Rs. Lakh 0.59
Investment towards gate valve replacement including GST Rs. Lakh 0.66
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Description Units Navlakha
ZPS
Pump-3
Investment towardsWeb based dashboard including GST Rs. Lakh 0.08
Payback period Months 9

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

Table 224: Cost benefit analysis of pump replacement at Chhipitola booster

Description Units Chhipitola

Booster

Rated Parameters

Pump-2

Measured Parameters
Flow delivered

Flow delivered ms/hr. 140
Head developed M 30
Motor power consumption kw 20

Head developed

Motor power consumption kw 11
Calculated efficiency of pumpset % 40.85%
Proposed Parameters

Flow of the pump m3/hr. 100
Head of the pump M 18
Power of the motor on existing duty point kw 6.60
Proposed efficiency of pump set on existing duty point % 74%
Operating hours of the pump Hours 1623
Electricitytariff Rs./kWh 7.95
Annual energy saving kwh 7119
Annual cost saving Rs. Lakhs 0.57
Investment towards new pumpset including installation and Rs. Lakh 2.07
commissioning, including GST

Investment towards NRV replacement including GST Rs. Lakh 0.00
Investment towards gate valve replacement including GST Rs. Lakh 0.35
Investment towardsWeb based dashboard including GST Rs. Lakh 0.08
Payback period Months 53

Note: Above pumps were proposed at duty points (of existing pumps) observed during energy audit.

6.2.2 Power factor improvement through installation of APFC panels

Table 225: Cost benefit analysis of APFC installation at Sanjay Place ZPS
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Parameters

Present System

Parameters

Average power factor measured 083
on main incomer '
Average power factor from recent
EB bill 0.780
Average real power kw 320.81
Average apparent power kVA 383.1
kWh 498408
Annual grid electricity consumption
kVAh 639906

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 271

kWh 498408
Annual grid electricity consumption

kVAh 639906
Annual grid electricity savings kVAh 136464
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 9.76
Investment towards APFC panel Rs. Lakhs 6.49
Payback period Months 7.98

Table 226: Cost benefit analysis of APFC installation at Kotwali ZPS

Parameters

Present System

Parameters

Average power factor measured

S 0.94
on main incomer
Average power factor from recent
EB bill 0.676
Average real power kw 79.38
Average apparent power kVA 83.17
kWh 65267
Annual grid electricity consumption
kVAh 94848

*lt*
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Parameters Unit Parameters
Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 73

kWh 65267
Annual grid electricity consumption

kVAh 94848
Annual grid electricity savings kVAh 28922
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 2.07
Investment towards APFC panel Rs. Lakhs 1.730
Payback period Months 10.03

Table 227: Cost benefit analysis of APFC installation at Suryanagar ZPS

Parameters

Present System

Parameters

Average power factor measured

S 0.81
on main incomer
Average power factor from recent
EB bill 0.774
Average real power kw 161.01
Average apparent power kVA 198.49
kWh 184041
Annual grid electricity consumption
kVAh 242740

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 119

kWwh 184041
Annual grid electricity consumption

kVAh 242740
Annual grid electricity savings kVAh 56841
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 4.07
Investment towards APFC panel Rs. Lakhs 2.884
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Parameters

Parameters

Payback period

Months

8.51

Table 228: Cost benefit analysis of APFC installation at Mathura Road ZPS

Parameters

Present System

Parameters

Average power factor measured 0.76
on main incomer '
Average power factor from recent
EB bill 0.735
Average real power kw 92.27
Average apparent power kVA 120.67
kWh 139480
Annual grid electricity consumption
kVAh 189537

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 72

kWh 139480
Annual grid electricity consumption

kVAh 189537
Annual grid electricity savings kVAh 48647
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 3.48
Investment towards APFC panel Rs. Lakhs 1.73
Payback period Months 5.97

Table 229: Cost benefit analysis of APFC installation at Trans Yamuna ZPS

Parameters

Present System

Parameters

Average power factor measured 0.88
on main incomer '
Average power factor from recent

EB bhill 0.896
Average real power kw 34.4
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Parameters Unit Parameters
Average apparent power kVA 38.82
Annual grid electricity kWh 25698
consumption KVAh 28666
Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 38
Annual grid electricity kWh 25698
consumption KVAh 28666
Annual grid electricity savings kVAh 2708
Electricity tariff Rs./kVAh 6.84
Annual monetary saving Rs. Lakhs 0.19
Investment towards APFC panel | Rs. Lakhs 1.01
Payback period Months 65.40

Table 230: Cost benefit analysis of APFC installation at Lawyers Colony ZPS

Parameters

Present System

Average power factor measured

Parameters

S 0.84
on main incomer
Average power factor from recent
EB bill 0.819
Average real power kw 68.12
Average apparent power kVA 80.97
kWh 228386
Annual grid electricity consumption
kVAh 278437

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 81
kWh 228386
Annual grid electricity consumption
kVAh 278437
Annual grid electricity savings kVAh 47744
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Parameters Unit Parameters
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 3.42
Investment towards APFC panel Rs. Lakhs 1.947
Payback period Months 6.84

Table 231: Cost benefit analysis of APFC installation at Nirbhay Nagar ZPS

Parameters Parameters

Present System

Average power factor measured
on main incomer
Average power factor from recent

0.82

EB bill 0.839
Average real power kw 46.58
Average apparent power kVA 56.29
kWh 11241
Annual grid electricity consumption
kVAh 13425

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 37

kWh 11241
Annual grid electricity consumption

kVAh 13425
Annual grid electricity savings kVAh 2070
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 0.15
Investment towards APFC panel Rs. Lakhs 1.01
Payback period Months 81.77

Table 232: Cost benefit analysis of APFC installation at Lohamandi ZPS

Parameters Parameters

Present System
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Parameters Unit Parameters
Average power factor measured 0.87
on main incomer '
Average power factor from recent
EB bill 0.768
Average real power kw 221.11
Average apparent power kVA 252.83

kWh 294912
Annual grid electricity consumption

kVAh 383655

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 168

kWwh 294912
Annual grid electricity consumption

kVAh 383655
Annual grid electricity savings kVAh 85764
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 6.14
Investment towards APFC panel Rs. Lakhs 3.605
Payback period Months 7.05

Table 233: Cost benefit analysis of APFC installation at Keshav Kunj (Bodla) ZPS

Parameters

Present System

Average power factor measured

Parameters

Proposed power factor at Incomer

S 0.89
on main incomer
Average power factor from recent
EB bill 0.903
Average real power kw 239
Average apparent power kVA 266.89
kWh 199257
Annual grid electricity consumption
kVAh 220752

Proposed System

0.99
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Parameters Unit Parameters
Required capacitor bank kVAr 188

kWh 199257
Annual grid electricity consumption

kVAh 220752
Annual grid electricity savings kVAh 19483
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 1.39
Investment towards APFC panel Rs. Lakhs 5.19
Payback period Months 44.69

Table 234: Cost benefit analysis of APFC installation at Shahganj-1 ZPS

Parameters

Parameters

Present System

Average power factor measured

S 0.88
on main incomer
Average power factor from recent
EB bill 0.651
Average real power kw 278.05
Average apparent power kVA 317.38
kWh 407053
Annual grid electricity consumption
kVAh 640891

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 221

kWh 407053
Annual grid electricity consumption

kVAh 640891
Annual grid electricity savings kVAh 229726
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 16.44
Investment towards APFC panel Rs. Lakhs 5.77
Payback period Months 4.21
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Table 235: Cost benefit analysis of APFC installation at Shahganj-2 ZPS

Parameters

Present System

Parameters

Average power factor measured 0585
on main incomer '
Average power factor from recent
EB bill 0.835
Average real power kw 238
Average apparent power kVA 281.31
kWh 411608
Annual grid electricity consumption
kVAh 493099

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 170

kWh 411608
Annual grid electricity consumption

kVAh 493099
Annual grid electricity savings kVAh 77333
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 5.53
Investment towards APFC panel Rs. Lakhs 4.33
Payback period Months 9.38

Table 236: Cost benefit analysis of APFC installation at Kedar Nagar ZPS

Parameters

Parameters

Present System

Average power factor measured 0817
on main incomer '
Average power factor from recent
EB bill 0.810
Average real power kw 26.38
Average apparent power kVA 32.35
kWh 77546
Annual grid electricity consumption
kVAh 95006
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Parameters

Proposed System

Parameters

Proposed power factor at Incomer | Cos @ 0.99
Required capacitor bank kVAr 41

kWh 77546
Annual grid electricity consumption

kVAh 95006
Annual grid electricity savings kVAh 16677
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 1.19
Investment towards APFC panel Rs. Lakhs 1.01
Payback period Months 10.15

Table 237: Cost benefit analysis of APFC installation at Tajganj ZPS

Parameters

Present System

Parameters

Average power factor measured

- 0.87
on main incomer
Average power factor from recent
EB bill 0.858
Average real power kw 301.28
Average apparent power kVA 346.44
kWh 286791
Annual grid electricity consumption
kVAh 332719

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 232

kWh 286791
Annual grid electricity consumption

kVAh 332719
Annual grid electricity savings kVAh 43030
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 3.08
Investment towards APFC panel Rs. Lakhs 6.129
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Parameters

Payback period

Months

Parameters

23.89

Table 238: Cost benefit analysis of APFC installation at Rakabganj ZPS

Parameters

Present System

Average power factor measured

Parameters

S 0.83
on main incomer
Average power factor from recent
EB bill 0.724
Average real power kw 177.68
Average apparent power kVA 208.41
kWh 199119
Annual grid electricity consumption
kVAh 272928

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 165

kWh 199119
Annual grid electricity consumption

kVAh 272928
Annual grid electricity savings kVAh 71797
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 5.14
Investment towards APFC panel Rs. Lakhs 3.61
Payback period Months 8.42

Table 239: Cost benefit analysis of APFC installation at Navlakha ZPS

Parameters

Present System

Average power factor measured
on main incomer

Parameters

0.83

Average power factor from recent
EB bill

0.847
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FEEE Unit Parameters
Average real power kw 175.52
Average apparent power kVA 210.93

kWh 561593
Annual grid electricity consumption

kVAh 661572

Proposed System

Proposed power factor at Incomer 0.99
Required capacitor bank kVAr 145

kWh 561593
Annual grid electricity consumption

kVAh 661572
Annual grid electricity savings kVAh 94306
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 6.75
Investment towards APFC panel Rs. Lakhs 3.245
Payback period Months 5.77

Table 240: Cost benefit analysis of capacitor installation at Chhipitola booster

Parameters

Present System

Parameters

Average power factor measured 0.864
on main incomer '
Average power factor from recent
EB bill 0.907
Average real power kw 10.58
Average apparent power kVA 12.24
kWh 38074
Annual grid electricity consumption
kVAh 41977
Proposed System
Proposed power factor at Incomer 0.99
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Parameters Unit Parameters
Required Fixed Type capacitor kVAr 17
kWh 38074
Annual grid electricity consumption
kVAh 41977
Annual grid electricity savings kVAh 3519
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 0.25
Invest!'nent towards ixed Type Rs. Lakhs 0.180
capacitor
Payback period Months 8.59

Table 241: Cost benefit analysis of capacitor installation at Red Fort booster

Parameters

Present System

Average power factor measured

Parameters

- 0.882
on main incomer
Average power factor from recent
EB bill 0.877
Average real power kw 5.18
Average apparent power kVA 5.87
kWh 4185
Annual grid electricity consumption
kVAh 4773

Proposed System

Proposed power factor at Incomer 0.99
Required Fixed Type capacitor kVAr 5
kWh 4185
Annual grid electricity consumption
kVAh 4773
Annual grid electricity savings kVAh 546
Electricity tariff Rs./kVAh 7.155
Annual monetary saving Rs. Lakhs 0.04
Investment towards Fixed Type Rs. Lakhs 0.0541
Capacitor
Payback period Months 16.62
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6.2.3 Lighting Optimization

Existing lighting load Proposed lighting load Savings Investm Simple
Sig o p = s it Payback
No Location ate i peratin . Period
Type d Nos Type Ea\z\? Nos Rﬁ?:%o g hours per k:r\:zuprﬁr aRr?n?J?r: Require in
o]
W per day day months
1 fy”"hmnou Tubelight | 40 LED Tubelight | 18 22 24 0.528 |192.72 |1532.12 850 6.66
Tubelight 40 LED Tubelight | 18 44 12 0.528 | 192.72 1532.12 1700 13.31
5 Flowmore
Plant CFL 75 LED Tubelight | 18 189 12 2.268 | 827.82 6581.17 700 3.10
3 8 VT Plant CFL 65 LED Tubelight | 18 141 12 1.692 |617.58 4909.76 2550 6.23
CFL 65 LED Tubelight | 18 76 12 0.912 | 332.88 2646.4 2550 11.56
4 Old Intake
Well Tubelight 40 LED Tubelight | 18 22 24 0.528 |192.72 1532.12 850 6.66
5 \’;lvegl\ll ntake | g 65 LED Tubelight | 18 94 12 1.128 |411.72  |3273.17 1700 6.23
New Jal
6 Nigam Tubelight 80 LED Tubelight | 36 264 24 6.336 | 2312.64 18385.49 10200 6.66
Intake Well
7 Sanjay Tubelight 36 LED Tubelight | 18 108 12 1.296 |473.04 3760.67 5100 16.27
Place HPSV 160 LED 60 300 12 3.6 1314 10446.3 26400 30.33
CFL 85 LED Tubelight | 18 147 12 1.764 | 643.86 5118.69 5100 11.96
8 Kotwali ZPS Vetal
Halide 250 LED 100 150 12 1.8 657 5223.15 12600 28.95
Tubelight 40 LED Tubelight | 18 132 12 1.584 |578.16 4596.37 5100 13.31
Tubelight 36 LED Tubelight | 18 54 12 0.648 | 236.52 1880.33 2550 16.27
9 Surya Nagar
ZPS CFL 85 LED Tubelight | 18 281 12 3.372 | 1230.78 9784.70 6800 8.34
Sodium
Vapour 150 LED 60 450 12 54 1971 15669.45 44000 33.70
Lamp
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Existing lighting load Proposed lighting load Savings Investm Simple
. A = : T vt Payback
No Location ate ; peratin : Period
Type d Nos Type Ea\j\f Nos  Reductio g hours per RN [ Rs per Require in
. nin W annum annum d
W per day day months
L"aeltlz'e 250 |1 LED 100 |1 150 12 18 |657 5223.15 12600 28.95
HPSV 250 | 4 LED 100 |4 600 12 72 | 2628 20892.6 50400 28.95
Mathura Metal 250 |1 LED 100 |1 150 12 18  |657 5223.15 12600 28.95
10 Halide
Road ZPS
m:ltﬁ'e 150 |3 LED 60 3 270 12 3.24 |1182.6 | 9401.67 26400 33.70
Trans Tubelight | 40 1 LED Tubelight | 18 1 22 6 0.132 | 48.18 366.17 850 27.86
11 Yamuna
ZPS Bulb 100 |1 LED Tubelight | 18 1 82 6 0492 |17958 |1364.81 850 7.47
, Tubelight | 40 1 LED Tubelight | 18 1 22 8 0.176 |64.24 510.71 850 19.97
12 Lawyer's
Colony ZPS “Hﬂiﬁﬁ'e 250 | 1 LED 100 |1 |150 8 12 |a38 3482.1 8800 30.33
. Tubelight | 36 3 LED Tubelight | 18 3 54 12 0.648 |236.52 | 1880.33 2550 16.27
13 Nirbhay
Nagar ZPS “Hﬂiﬁﬁ'e 150 |3 LED 60 |3 |270 12 324 |11826 |9401.67  |26400  |33.70
Tubelight | 40 7 LED Tubelight | 18 7 154 12 1.848 |67452 |5362.43 5950 13.31
14 | Kedar Nagar
CFL 85 1 LED Tubelight | 18 2 49 12 0.588 |214.62 |1706.23 1700 11.96
| Bulb 100 |1 LED Tubelight | 18 1 82 12 0.984 |359.16 |2855.32 850 3.57
15 Lohamandi
ZPS Tubelight |40 |2 LED Tubelight |18 |2 |44 8 0352 |128.48 |1021.42  |1700 19.97
Tubelight | 40 2 LED Tubelight | 18 2 44 24 1.056 |385.44 |3064.25 1700 6.66
16 | Tajganj ZPS Sodium
150 |1 LED 60 1 90 12 1.08 |394.2 3133.89 8800 33.70
Vapour
17 gg‘g‘a"k“”’ CFL 65 3 LED Tubelight | 18 5 105 12 1.26 | 459.9 3656.21 4250 13.95
CFL 85 1 LED Tubelight | 18 2 49 12 0.588 |214.62 |1706.23 1700 11.96
Shahganj-1 Metal
18 | 558 Halide 150 |2 LED 60 2 180 12 216 |788.4 6267.78 17600 33.70
Tubelight | 36 12 | LED Tubelight | 18 12 | 216 12 2592 |946.08 |7521.34 10200 16.27
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Existing lighting load Proposed lighting load Savings Investm Simple
. A 5 : T vt Payback
No Location ate ; peratin : Period
: Type d Type Ea\;\? Nos Rﬁ?:‘wo g hours per k?\llr\]/zuprﬁr aRnsn?Ji: Require in
d
W per day day months
CFL 28 1 LED Tubelight | 18 1 10 12 0.12 43.8 348.21 850 29.29
Navlakha Sodium 150 |3 LED 60 3 270 12 324 11826 | 9401.67 26400  |33.70
19 Vapour
ZPS -
Sodium
Vapour 150 3 LED 60 3 270 12 3.24 1182.6 9401.67 26400 33.70
(Pole)
Shahgan;j CFL 85 1 LED Tubelight | 18 2 49 12 0.588 | 214.62 1706.23 1700 11.96
20 | Phase-2
ZPS Bulb 60 1 LED Tubelight | 18 1 42 12 0.504 | 183.96 1462.48 850 6.97
- Tubelight 40 1 LED Tubelight | 18 1 22 24 0.528 |192.72 1532.12 850 6.66
21 Chhipi Tola
ZPs Bulb 100 |1 LED Tubelight |18 |1 |82 12 0984 |359.16 |2855.32  |850 3.57
Red Fort .
22 Booster Bulb 100 1 LED Tubelight | 18 1 82 24 1.968 | 718.32 5710.64 850 1.79
Total annual 28102 223331.82 385250 20.70
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7 Repair &Maintenance Measures
7.1 Present R&M and O&M expenses

Pump sets requires periodic repair and maintenance to keep themin running condition and each R & M
activity has a cost associated with it. During energy audit, it was observed that need of repair and
maintenance arises generally for replacement of consumables and for addressing wear and tears of
components of pump set.Data regarding repair and maintenance cost for last three financial years along
with other cost related with operation for each zone in Agrais given in the tables below.

Table 242: R&M expenses for Water Supply establishments in Agra

Cost of Repair & Maintenance

Cost of Repair & Maintenance in FY2014 — 2015 Rs. Lakh 209.11
Cost of Repair & Maintenance in FY2015 — 2016 Rs. Lakh 247.22
Cost of Repair & Maintenance in FY2016- 2017 Rs. Lakh 29.39
Cost of operation

Cost of Operation in FY2014 -2015 Rs. Lakh 41.72
Cost of Operation in FY2015-2016 Rs. Lakh 124.8
Cost of Operation in FY2016-2017 Rs. Lakh 161.44
Cost of Purchase of new pump/motors/accessories

Cost of Purchase of new pump/motors/accessories in FY2014-2015 | Rs. Lakh 331.98
Cost of Purchase of new pump/motors/accessories in FY2015- 2016 | Rs. Lakh 668.46
Cost of Purchase of new pump/motors/accessories in FY2016 -2017 | Rs. Lakh 430.55

In proposed scenario, repair and maintenance cost for the pumps of Agra may reduceas most of old and
inefficient pumps will be replaced by new energy efficient pumps. Along with this, during project period,
repair and maintenance of new pumps will be done by EESL selected manufacturer.
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8 Project Financials and Business model

An IGEA Report is the process of conducting an energy audit to identify efficiency improvement
opportunities, and trandating the technical findings into financial terms to present it as a bankable project
capabl e of securing aloan. Thereforeit isimportant to conduct a detailed financial analysis for the project

to ascertain the financid viability of the project.

This project would be implemented in Annuity Mode. In this mode, EESL will invest al the capital
investment required for implementation of the Energy Efficiency Project. EESL will assure a minimum
energy savings of approx. 20% as compared to the existing energy consumption. Payments would
not be affected if savings are higher than 20%. Further EESL would provide Repair & Maintenance
(R&M) for the replaced pump sets during the project period. The repayment to EESL (in the form of
annuity) would be determined on cost plus ROE basis. Schematic of business model of this project is

provided in figure 293.

Municipal Energy ﬁ Savings

Efficiency Project

e

i GU.;.,'-L‘P"
ﬁ\j\"-‘i ﬁa‘i
Loan

EESL: . -
= Design/ installation/ commissioning Interest and Debt i i ituti
P St Financial Institution

*  Repair and maintenance

Payments after showcasing savings

Manufacturer/ EPC

(slong with ac

* Supply and installtion of EEPS

Figure 293 Schematic of business model of the project

8.1 Total Project cost (CAPEX)

The following are the key components considered while arriving at the total project cost:

e Cost of pump, motor and other accessories (like NRV and gate valve), discovered through a

transparent bidding process,

e Cost of dismantling, installation and commissioning, discovered through a transparent bidding

process;

o Project Establishment and Supervision charges of EESL at 5 % of total cost of equipment including

install ation;
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e Cost of preparation of IGEA, as per actual tendered cost, plus EESL’ s service charge at 15%;

e All applicable taxes and duties as on actua basis; and
o Capitalized interest during the Project Implementation Period.

Table 243: Total Project Cost

Capital Cost Related assumption | Unit  Value

Number of Pumps No. 23

Total Cost of Equipment including installation, commissioning and testing | INR lakhs 328.53
Cost of pump including motor INR lakhs 260.92
Cost of NRV INR lakhs 20.57
Cost of Gate valve INR lakhs 23.29
Cost of Web based dashboard INR lakhs 1.77
Installation and Commissioning Cost including testing charges INR lakhs 21.99

EESL's administrative and establishment charge % 5.0%

Cost of preparation of IGEA report including EESL service charges and | INR lakhs
. 22.04

applicable GST
Total Project Cost w/o Capitalized interest INR lakhs 367.00

Commissioning Details

Total Months for Commissioning Months 9
Capitalized interest INR lakhs 20.57
Total Project Cost INR lakhs 387.58
8.2 Operating Costs (OPEX)
The following are the key components considered while arriving at the operating cost for the project
Operational Details Unit Value
EESL's administrative and establishment charges % 4%

8.3

Financing Terms and other tax related assumptions

The following are the key financial assumptions used in developing the model .Details of financing terms

and tax related assumptions are provided in table 244.

Table 244: Financing terms and tax related assumptions

Parameters Unit Value
Term of the project years 7
Financing Details
Debt Percentage % 70%
Cost of Debt % 11%
Equity Percentage % 30%
Cost of Equity (post- tax) % 16%
Tax Details
Corporate Tax % 34.61%
Goods and Services Tax % 18%
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8.4 Output - Annuity Payment to EESL

Based on the cost parameters and assumptions mentioned above, the annuity payment to EESL was

computed.

Table 245: Annuity payment to EESL

Calculations of annuity payment

Total Debt to be repaid INRlakh | 67.00 | 6274 | 5848 | 5421 | 49.95 | 4569 | 4142 | 37948
Principal Repayment INRlakh | 38.76 | 38.76 | 38.76 | 3876 | 3876 | 38.76 | 3876 | 271.30
Interest INRlakh | 2824 | 2398 | 19072 | 1545 | 1119 | 693 | 2.66 108.18

Total Equity Repayments INR lakh 43.54 39.47 35.41 31.34 27.28 23.21 19.15 219.40

Recovery of equity investment INR lakh 16.61 16.61 16.61 16.61 16.61 16.61 16.61 116.27
Return on equity INRlakh | 26.93 | 2286 | 1880 | 1473 | 1067 | 660 | 2.54 103.13

R&M Charges INRlakh | 0.00 657 | 821 | 986 | 1150 | 1314 | 13.14 62.42

EESLS ﬁg’:r']’t"iggﬁg’ee and INRlakh | 1550 | 1628 | 17.09 | 17.95 | 1884 | 1979 | 2078 | 126.23

Annuity Payment to EESL INR lakh | 126.04 | 125.06 | 119.19 | 113.36 | 107.57 | 101.83 | 9449 | 787.53

g:;rgzri”d Services Taxonannuity | \\pjakh | 2269 | 2251 | 2145 | 2040 | 1936 | 1833 | 17.01 | 14176

:Sgl?gg’b';a{a'l‘(sgt to EESL incl. all INR lakh | 148.73 | 147.57 | 140.64 | 133.76 | 126.93 | 120.16 | 11150 | 929.29

ULB Savings

Total Savings INR lakh | 252.86 | 260.42 | 268.01 | 275.63 | 283.25 | 200.84 | 29837 | 1929.38

Profit to ULB INRlakh | 10413 | 112.85 | 127.37 | 14187 | 156.31 | 170.68 | 186.88 | 1000.09

% of savings with ULBs % 51.83%

8.5 Sensitivity analysis

The sensitivity analysis has been conducted to determine the impact of change in capital cost and change
in savings on the percentage of monetary share of accrued savings retained by the ULB.

Table 246: Project Sensitivity Analysis

% savings retained by the utility

Change in Capital Cost
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-10% 56.27%
-5% 54.05%
0% 51.83%
5% 49.62%
10% 47.40%

Change in Interest(ROE, Interest, D/E ratio) % savings retained by the utility

-10% 46.48%
-5% 49.30%
0% 51.83%
5% 54.13%
10% 56.21%

A @
IIRT AR Frer




278

8.6 Payment Security Mechanism

Payment default by the borrower is perceived as one of the most important risks. For projects based on
ESCO model, wherein ESCO or financia ingtitution pays the upfront capital for project implementation,
the regular payment to the ESCO/financial ingtitution is crucial to maintain a positive cash flow. There are
difficulties associated with measuring energy performance accurately and equitably, and therefore the
actual energy savings may be disputable, especially in circumstances where the energy baseline and
stipulated factors are not well established at the pre-project stage. Apart from possible dispute on actual
savings, host’ s bankruptcy and dismissal of a management body could also be possible reasons for non-
payment. Payment security mechanism is necessary to ensure confidence of investorsin an ESCO projects.
The mechanism should be structured in a way which would be acceptable to ESCO/financid ingtitution.
The payment security mechanism maybe in form of irrevocable bank guarantees or letter of credit (LOC)
furnished by the ESCO/financia institution.

8.6.1 Letter of credit

Letter of credit (LC) isthe obligation taken by the bank to make the payment once certain criteria are met.
Whereas, bank guarantee (BG) is a promise made by abank that the liabilities of the debtor will be met in
event the energy user fails to make the payment. The major difference between bank guarantee (BG) and
letter of credit (LC) isthat BG reducesthelossin the transaction if transaction doesn’t go as planned while
letter of credit ensures that transaction proceeds as planned. As the ultimate objective of the programisto
improve the energy efficiency in water supply and sewage system and ensuring the success of the project,
letter of credit would be preferred payment security mechanism.

Letter of credits processes payment on receipt of required documents from the service provider. Mgjor
challenges associated with letter of credit are enlisted below:

e Letter of credits are usually irrevocable agreement and hence any changes in terms of contract will be
difficult to addressin letter of credit.

e  Getting letter of credit is difficult considering the stringent qualification criteria. Letter of credit is usually
issued to companies and organization that have cash flow, asset and good credit score.

e Usually line of credit are issued with terms for paying it back, herein energy user will be using the line of
credit to pay the service provider for its services. In case of energy savings line of credit could be used asan
guarantee in case of default by the government entity

In the case of the AMRUT program, the state government play a critica role in implementation of the
project would sign the tri partite agreement for implementation of the project. The state government shall
provide an unconditional, revolving and irrevocable Letter of Credit from a scheduled and nationalized
bank (other than co-operative banks) at its own cost for the entire contractperiod. The amount of letter of
credit shall be equivalent to 2 times the quarterly invoice. The LC may then be drawn upon by EESL for
recovery of the eligible payments, in case of defaults.
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9 Key Observations and Suggestions

To achieve optimum performance and reliability, a pump must be operated closeto its BEP (Best efficiency
point). The BEP is the most stable operating point for a centrifugal pump. At best efficiency point, the
hydrodynamic unbalanced load of the centrifugal pumpisat its minimum. Basically, when apump operates
at apoint that isfar away from the actual BEP, it resultsin an overall increasein hydrodynamic unbalanced
load. Thisin turn affects the performance, reliability and efficiency of the pump.

Observation:

» Old Intake Well, Jeoni Mandi: Pumping machinery, pipes and electrical equipment were found to
be old, rusted and in poor condition.

Old pumping machinery and electrical equipment in bad condition

» New Jal Nigam Intake Well, Jeoni Mandi: Pump no. 1 was in breakdown condition.

» HT Plant Golkamra
0 Measurements were not possible due to site constraints.
0 Pump no. 3 wasin breakdown condition.

» Synchronous Plant
0 Measurements were not possible due to site constraints.
0 Pump no. 6 was in breakdown condition.

» 8VT Plant
0 Heavy leakage was observed from joint between pump outlet pipe and common header.
0 Electrica panels were found to be open and motor terminal box covers were missing. Electrica
work in general was found to be in bad condition.
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Leakage from joint between pump outlet and | Terminal box covers missing from motors at 8
common header at 8 VT plant VT plant

> Flowmore Plant

0 Excessive heating was observed at terminals of circuit breaker. Uncovered/open termina boxes
were observed at several points.

/

Excessive heating at circuit breaker
terminals

Open contacts at severa locations such as transformer,
switchgear, motor terminal box

» Sanjay Place ZPS

o Water is supplied from Sanjay Place ZPS to three different areas through dedicated pumps and
pipes. Five pumps supply water to Maithan area, four to Hariparvat areaand oneto Sanjay market.
o Pumping machinery and pipes at Sanjay Place were observed to be old and rusted.

> Kotwali ZPS

0 Water is supplied to direct distribution and for ESR filling through dedicated pumps and

pipelines. Three pumps (pump nos. 1-3) are connected to the pipeline used for direct distribution
and two pumps (pump nos. 4, 5) to the pipeline for ESR filling.
0 Pump nos. 3 and 5 were under breakdown condition.
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» Suryanagar ZPS
0 Pump no. 5 wasin breakdown condition.

» Mathura Road ZPS
0 Pump no. 1 was discarded.

» TransYamunaZPS
0 Pump no. 2 has not been in use for several months.

» Lawyers Colony ZPS
0 Dedicated pump setsand pipesareinstalled for supply to Lawyers Colony and Dayal Bagh areas
(2 pumps each).
0 Pump no. 2 for Dayal Bagh supply was in breakdown condition.

» Lohamandi ZPS
0 Pumpno. 3isused for ESR supply. Pumps 2, 4 and 5 are used for direct distribution. Pump 1 is
used in both direct distribution and ESR filling.

» Keshavkunj ZPS
0 Pump no. 5 wasin breakdown condition.

» Shahganj Phase-1 ZPS
0 Five dedicated pumps and their pipeline are used for supply to Shahganj area. Three dedicated
pumps and their separate pipeline are used for supply to Subhash Park area.
0 Pump 3 of Shahganj supply and pump 1 of Subhash Park supply were in breakdown condition.

» Kedar Nagar ZPS
0 Pump 3 was under maintenance.

» Tajganj ZPS
0 Pump 1 wasin breakdown condition.
o Individual flow measurement for the pumps was not possible due to site constraints.

» Rakabganj ZPS
0 Pump no. 1 was under maintenance.
0 Top of sump had collapsed and at present, temporary arrangement for covering of sump has been
made using nets and corrugated plastic sheets.
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» Navlakha ZPS
0 Pump no. 1 isused for supply to MES area and its billing is also covered by MES. The other
pumps are used for supply to Cantonment area and Bindu Colony at different times.

Operation and Maintenance

There is huge lack of operation and maintenance practice has observed during energy audit. It could be
reason for poor performance of pump sets. Deviation of duty point from BEP is not the only reason for
reduced efficiency in pump systems, and reasons for this includes wear and tear of internal components
(through erosion, cavitation, corrosion, etc.), increased friction losses in piping (due to partial blockages,
corrosion, deposition of calcium carbonate), etc. They have a significant impact on pump system
efficiency. Also opportunities to save energy by replacing or repairing system components are frequently
overlooked. There are various other conditions that decrease the efficiency of pump some of them are
given below;

e Heat generated due to packing.

¢ Rubbing between wear rings and maintaining impeller clearances.

e Recirculation using a bypass line from the discharge of the pump to the suction.

e Double volute design.

e Throttled discharge valve.

e Corroded internal pump passages that cause fluid turbulence.

e Obstacles, hindrances or any sort of restrictions inside the piping passages which might include a
foreign particles, or dirt.

e Over lubricated bearings.

9.1 Other Observations And Limitations

Various scope and limitations of the energy efficient projects were observed when energy audit activity
was conducted and the same has also been discussed with ULB officials. It is estimated that there is
immense opportunity for energy saving in pumping stationsin Agra.

Other observations

e Itwasobserved during the audit that civil work and piping at some locationswasin poor condition.

¢ It has been observed that due to the ageing of the pumps currently present in the plant premise, its
efficiency and performance is badly affected as the installed pump are around 10-12 years old. It
is suggested that installation of new energy efficient pump will lead to energy savings.

e Theingalled lighting system in the premises were also analyzed and it was suggested that the
energy efficient lighting system would lead to significant amount of energy savings.

e The recorded demand at some locations was found to consistently exceed the contract demand,
resulting in levying of “Excess demand charges’. By appropriate revision of contract demand to
closely match the actua required demand, the recorded demand will not exceed the contract
demand as a result of which excess demand charges will not be applicable and savings will be
achieved.
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Limitations

o Theinstallation of energy efficient systemsand components should be done according to suggested
EE measures.

e Another tapping in the delivery line or change in the existing water delivery network will affect
the performance of the new pump.

Due to the limitations observed by the DRA team during the energy audit done, they were unable to cover
some of the pumpsets in the plants visited. The following table depicts the plants where energy audit was
conducted with associated number of pumpsets that were audited and reasons for the limitations observed.

Table 247: List of Pumping station audited with pumps operating status

Number of Number of
Number
Number Pumps where Pumps
Name of the of f d Reasons for not
umping station Pumps 0 Pu.mps MEE SIS under covering the pumps
P audited was not maintenance
present .
possible /breakdown
1 | HT Plant (Golkamra) 3 0 0 3 _ Site
constraints/breakdown
2 Synchronous 3 1 0 2 Site
pumping station constraints/breakdown
3 8 VT Plant 8 3 0 5 Breakdown/emergency
use
4 Flow More Plant 5 1 2 2 Breakdown
Old Intake Well,
5 Jeoni Mandi s L 2 0
New Intake Well,
6 Jeoni Mandi 3 3 0 0
New Jal Nigam
7 Intake well 3 2 0 1 Breakdown
Sanjay Place,
8 Maithan Side. 5 3 0 2 Breakdown
Sanjay Place,
9 Hariparvat Side. 5 5 0 0
10 Kotwali ZPS 5 3 0 2 Breakdown
11 Surya Nagar ZPS 5 4 0 1 Breakdown
12 Mathura Road ZPS 4 3 0 1 Breakdown
13 Trans Yamuna ZPS 2 2 0 0
14 | Lawyers Colony 4 3 0 1 Breakdown
ZPS
15 Nirbhay Nagar ZPS 2 2 0 0
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Number Number of Number of
Name of the of LI5S PR v AU Reasons for not
pumping station Pumps ol Pu.mps MEE SIS .under covering the pumps
resent audited was not maintenance
P possible /breakdown
16 Lohamandi ZPS 5 5 0 0
Keshavkunj ZPS
17 (Bodla ZPS) 5 3 1 1 Breakdown
18 | Shangan Phase-1 8 6 0 2 Breakdown
19 | Shahganj Phase-2 5 5 0 0
20 Kedar Nagar 3 2 0 1 Breakdown
21 | Tajganj ZPS 6 0 5 1 Breakdown
22 Rakabganj ZPS 5 3 1 1 Breakdown
23 Navlakha ZPS 3 3 0 0
24 | Chhipitola Booster 2 2 0 0
25 Red Fort Booster 1 0 1 0
Total 103 65 12 26
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10 Measurement and Verification (M&V)

Measurement and Verification (M& V) istheterm given to the process for quantifying savings delivered by an Energy
Efficiency Measure (EEM). It includes energy saving verification process involving measurements and reporting
methodology.M & V methodology followed in this project includes following measurement schedule

e Measurement of parameters pre EEM implementation (just before installation of EEPS) for all operating
combinations using portable instruments

e Measurement of parameters post EEM implementation for all operating combinations using portable
instruments.

Energy savings are calculated as the difference in power drawn (in pre and post implementation scenario) multiplied
by the operating hours mentioned in IGEA.

These energy savings shall be verified in accordance with M&V plan presented in the final report by EESL and as
agreed upon by the ULB. The energy savings will be determined and signed by EESL, Pump Supplier and the ULB.
EESL shall submit areport as per the reporting template attached to this agreement verifying the savings mentioned
in the agreement.

The report shall be submitted by EESL to all the ULB within 15 days of the completion of the verification
10.1 Definition of possible and operating combinations

In ULBSs, especialy in case of pumping stations, where the pumps are connected in parallel, the pump operated in
various combinations. For the purpose of this document, these combinations are defined as possible combinations.
For example, for if 3 pumps are connected in parallel, there are 7 possible combinations considering three different
pumpsi.e.

Pump 1 Pump 1+ Pump 2
Pump 2 Pump 2+ Pump 3 Pump 1+Pump 2+Pump 3
Pump 3 Pump 3 +Pump 1

However, the ULB might be operating the pumps only in three combination, depending on the flow requirement,
from the one discussed above. For the purpose of this document, these combinations are defined as operating
combinations.

Operating Combination 1 Operating Combination 2 Operating Combination 3
Pump 1 | Pump 1+ Pump 2 | Pump 1+Pump 2+Pump 3

10.2 Flow of activities under M & V process

o First, measurementsof old pump would be carried out by the supplier when new pump isready to beinstalled
at ULB.

e |nstantaneous measurement of parameters like flow, head (both at suction and discharge) and power of old
pump would be carried out for all operating combinations after stabilisation using portable meters. These

parameters will be called pre implementation parameters

e Preimplementation parameters will be verified by EESL, ULB and Supplier.
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e Then, old pump will be replaced by new pump and instantaneous measurements of parameters mentioned
abovewill be carried out on new pump after stabilisation for same operating combinations. These parameters
will be called post implementation parameters.

e Energy savings of a pump for each combination would be determined by multiplying the difference in
instantaneous power consumption in pre and post EEM implementation scenario with corresponding
operating hours mentioned in IGEA. Total savings of a pump will be the summation of energy savingsin
each operating combination (i.e. weighted average savings of a pump would be estimated)

e The flow and head of new pump i.e. post implementation parameters should match pre implementation
parameters.

e Post implementation parameters will be verified by EESL, ULB and supplier.

e Penalty would be imposed on pump supplier if energy savings, at ULB level, are less than 20% of existing
energy consumption

10.3 Pre and post implementation assessment

To determine savings, the following parameters would be measured during pre and post implementation
for each operating combination,

Power Consumption, voltage, frequency (kW, Valt, hz)

Description Voltage, frequency and power consumption of all operating
combinations (pre and post implementation)

Source of Data On site measurement using calibrated portable instrument (power
analyzer)

DL Tl lel e I LU=l Instantaneous onsite measurement using portable power analyzer
methods and procedures to
be applied

O)AVle]o ol folel=lo N[z I [cH  Calibrated instrument from a NABL accredited laboratory
applied

Flow rate (m®/hr)

i 3
Data Unit N

Description Flow rate delivered for all operating combinations (pre and post
implementation)

Source of Data On site measurement using calibrated portable instruments (flow
meter)

DLl ilel Mo EEEUEllEle  Instantaneous onsite measurement using portable flow meter
methods and procedures to
be applied

O)AVle]er ol felel=le |l el ol=H  Calibrated instrument from a NABL accredited laboratory
applied

Head (m)
meters (m)

Average head delivered for all operating combinations (pre and post
implementation)
3T, b=
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Source of Data On site measurement using calibrated instruments

DS dlolile el B CEENI e Instantaneous onsite measurement using pressure gauge installed at
i lEiglele SEETple Mol oIl [IIE= TN both the suction and discharge side of the pump
be applied
Calibrated instrument from a NABL accredited laboratory
applied

10.4 Correction Factors and adjustments

In case of deviation in frequency and voltage at the time of post implementation parameter measurements,
following correction factors would be applied on parameters of new pump to determine actudl.
Adjustments factors to be used during M&V are provided in table 248.

Table 248: Adjustment factors to be used during M & V

Factor Affecting Rationale for Adjustment to be made
adjustment

Variation in supply | As per pump affinity | @1 N
frequency law 0, N,
2 2
Where,

Q is the flow of the meter

N is the speed of the shaft

P is the power drawn

Voltage Variation As per BEE guidelines | If the post implementation voltage is 10% higher
than pre implementation voltage, power
consumption will increases by 0.75%

If the post implementation voltage is 10% lower
than pre implementation voltage, power
consumption will increase by 2%

10.5 Determination of Savings

Based on this data, the energy savings would be calculated as given below:

((kWprel - kWpostl) X hl) + ((kWpreZ - kWpostZ) X hZ) +
(kWprel X h1) + (kWpre2 X h2) + --- ...

% savings (s1) =

Where, 1, 2.... represents parameter for different operating combinations of a pump
hl, h2 represents annual operating hours of a pump in different combinations

KW pre — Instantaneous power consumption of old pump in a particular combination
kW 0t — INStantaneous power consumption of new pump in a particular combination
sl represents percentage savings of a pump

Further, aggregate savings at aUL B level would be determined based on weighted average savings
of all pumps:

The aggregate percentage savings at ULB would be
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Sy Xe + sy Xey;+ sz3Xez.a....

aggregate % savingsatULB =

Where, e represents energy consumption of one pump in al combination
el = kWprel Xhourl + kWpre2 Xhour2 + -+ ... ... ...

sl, 82, s3, 4, S5........ are percentage savings for individual pumps replaced at ULB
el, e2,e3,e4, e5........ are annual energy consumption of each pump
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11 Risk Responsibility Matrix & Risk Mitigation

To develop an effective business model, it is necessary to identify clear roles and responsibilities and the
risks associated with the project development. Thisis useful to devel op appropriate structure and plan for
project financing and risk mitigation mechanism for ring fencing the risks of project investors. Some of
the major risks and their mitigation mechanisms are discussed below.As established in the previous
sections, the preferred mode for implementation of this project is annuity mode. Therefore the
responsibility matrix has been prepared considering the preferred implementing mode. Details of financial

risk and associated mitigation measures table 249.

Table 249: Financial Risk Analysis and Mitigation

Key

Incidence of

risk

Description

Mitigation Measure

Operational Risk: Usage risks are usually a direct consequence of use of equipment by the end users.
These risks are usually beyond the control of the ESCO

Inaccurate Baseline | ULB

Baseline for any ESCO based
project is usually defined in terms of
energy consumption and the
performance level of the equipment.
In case of pumping stations, when
pumps are connected in parallel, few
pumps might not be operational
during baseline determination.

Also, an increase or decrease in
operating hours can show up as
corresponding increase or decrease
in “savings” unless adequate
adjustments are applied

Operational change | ULB

in the facility

Operational changes can be in terms
of change in usage hours. Further in
case of pumping system, the
operational changes can be a result
of use of higher size of pumps,
increase in number of pumps
connected in a parallel system,
increase in required flow among
others.

The design of the M&V
protocol would include
sufficient measures in
form of engineering
formula for baseline
correction to sufficiently
mitigate this risk

consumers among others.

Market Risk: Market risks arise due to uncertainty of market conditions. These risks can be attributed
to various stakeholders and factors including suppliers of technology, maturity of technology and

Availability of | EESL
suppliers

Availability of suppliers and the
technology are keys to development
of any ESCO project. Competition in
market leads to market forces
optimizing the cost. This also leads
to new technology innovations and
product differentiation. Dependence
on a single supplier also increase the
project risk, where the project is
dependent on capability of single
vendor to supply quality products in
required quantity in a pre-

EESL is mitigating the
risk by ensuring the
involvement of
manufacturers and
suppliers throughout the
project lifecycle including

taking inputs  during
IGEA preparation.

Further pumping is a
matured industry with

many suppliers
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Key
Incidence of
risk

Description

Mitigation Measure

determined time frame. Ineffective
competition may lead to installation
of inferior quality product and also
cause delay in implementation.

Age of the

technology

EESL Mature technology are by nature
stable and more dependable than
new technology. The performance
standards for mature technologies
are also well defined. There are
many inherent risks associated with
new technology, these include price
fluctuations, rapid technology
improvements (which could lead to
project being more effective later i.e.
early adopters curse®), lesser
awareness about technology
shortcomings and effects.

Pumping is a matured

technology with  key
technical parameters
and fundamentals
remaining relatively

constant during the past
century.

Financial Risk: The

financial risk mainly deals with the cost escalations associated with the project.

annual maintenance
cost Escalation

bidding) manpower cost, cost of carrying
Technology | inventory and material required for
supplier installation. For a project with longer
(post execution cycle, managing
bidding) installation and annual maintenance

cost can be key to success of the
project.

In addition to factor affecting increase
in manpower cost (change in labor
laws etc.), the reasons for installation
and annual maintenance cost are
similar to equipment cost escalation.
As the selected technology supplier is
contractually responsible for
installation and annual maintenance

These risks if not mitigated properly affect the profitability and feasibility of the project
Equipment Cost | ULB The increase in equipment cost could | In the annuity mode, the
Escalation be due to various factors including | equipment cost
increase in cost of raw materials, | considered is the cost
changed policies and regulations. | discovered in
The escalated cost could result in | competitive bidding. This
reducing the project profitability and | will ensure the best
in worst scenarios making the project | possible cost for the
unviable. ULB. Further,
manufacturer'sbudgetary
quotations are taken
while developing the
IGEA.
Installation and | ULB (before | Installation cost is the function of | For the ULB the

mitigation measures are
same above

at the rate mentioned in its bids. The

5> The new technology turns old very quickly. Also rapid improvements lead to reduction in cost in near future. For
example early adopters of solar technology had to pay a higher feed in tariff as compared to later adopters
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Key

Incidence of

risk

Description

risk is transferred to the technology
provider post bidder selection.

Mitigation Measure

M&YV Costs

EESL

M&V costs tend to vary significantly
depending on the extent of
measurements,  involvement  of
technical manpower, and automation
required in the M&V methods and
protocols adopted

M&V mechanism will be
clearly defined, agreed
and incorporated into
project financials prior to
project implementation

Time and Budget
Overruns

EESL

Failure to implement a viable project
in a timely manner can add costs

To be addressed by
closely monitoring
progress with unit

Design and constru
ESCO project.

ction risk: Improper design and delays in constructions are a significant risk to

Delays in
procurement,
installation and

commissioning

All
stakeholders

Delay in procurement, installation
and commissioning could drive up
project cost. Longer project durations
could also increase the probability of
other regulatory and policy related
risks. It is important to plan the project
efficiently to minimize these risks.
Projects undertaken by EESL usually
require procurement of large quantity
of a single product

Standardization of
bidding and other
contractual documents is
key to minimize this risk.
Additionally  all  the
stakeholders including
ULBs, state government,
manufacturers and
energy auditors need to
be engaged since project
inception

Improper selection
of energy efficiency
solution and
integration of
energy efficient
solution

All
stakeholders

The aim of an ESCO project is reduce

energy consumption while
maintaining or improving
performance of the equipment.
Proper selection of solution is
important  to achieve these
objectives. Improper selection of
solution could lead to non-

achievement of savings as estimated.
It could also lead to not meeting the
performance parameters from the
baseline scenario

The manufacturers and
technology suppliers are
engaged since the
project inception
including overseeing
energy audit activities
and selection of
technology. Further the
manufacturers should be
encouraged to visit the
facility before bidding for
the project.

returns for the project

Performance risks: related to performance of energy efficient equipment post implementation. Poor
performance could lead to reduced savings from the ESCO project. This may result in poor financial

Equipment
performance
depreciation

EESL
/Technology
Supplier

In many conditions the equipment
performance deteriorates over the life
of the project. The derating of the
equipment needs to be properly
modelled in the business model for
the project. Incorrect assumptions
could lead to severe financial
implication of the project. There are
two key reasons for the equipment
performance depreciation.

Quality of equipment: Equipment
installed as a part of the project does
not conform to quality standards set.
It is also possible that the vendor
supplies equipment which do not

Derating of equipment
has been appropriately
modelled in the financial

model. The values of
derating have been
finalized after
consultation with
manufacturers.

Proper quality control

action plan needs to be
developed as part of the
bidding documents and
contract.
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Key
Incidence of
risk

Description

meet the technical specification set
out in the bidding document.

External conditions: These
conditions include various external
parameters including power quality
and operating condition (flow output
and pump submergence) deviating
from the design parameters

Mitigation Measure

Capacity building  of
pump operators in proper
operations of the new
pumps installed

Repair/maintenance | EESL
and warranty risks /Technology
Supplier

Repair/maintenance and warranty
risks relate to faulty equipment risks.
The risk also arises due to different
agencies being responsible for
operations and repair/maintenance.
In case of this project, operation
would be managed by urban utility,
whereas EESL and in turn technology
supplier would be responsible for the
repair and maintenance. A dispute
also might arise related to deviation
from warranty conditions which are
also not under EESL/technology
supplier control. EESL offers
extended warranty up to the life of the
project under most of its projects. The
payment to EESL is also linked to
satisfactory replacement of faulty
equipment and timely repairs.

Capacity building  of
pump operators will be
taken up to facilitate
proper operations and
routine preventive
maintenance of the new
pumps installed

EESL will define
Comprehensive  repair
and maintenance
requirements including
spares and components
inventory, as well as
appropriate systems
(e.g. for registering
complaints and turn-
around times) and will
make the equipment
suppliers  contractually
responsible for
preventive maintenance
requirements.

Environmental and Legal Risk

Reduction of water | ULB, state
level government
and general
population

In areas where ground water is
supplied through submersible pumps,
another important risk is reduction of
water level due to over drawl of water
by the farmers because of more
efficient high discharge new pumps.
This could result in many short and
long term environmental effects. If the
water table is not recharged
consistently if might result in other
long term effects including
desertification.

Change in operation
guidelines, i.e. reduction
if water supply hours if
the flow is increased

ULB
EESL

Utilization of old and
inventory in other

areas

If the collected inefficient pumps are
not destroyed they could be used
again. This would defeat the purpose
of the project and lead to over-
estimation of environmental benefits
associated with the project.

Proper destruction of old
inventory

Health, Safety and Social risk

Health Safety and | ULB and

Social risk EESL

As principal employer EESL s
responsible for these risks including:
Nonpayment of minimum wages
Child labor

EESL should
contractually make the
technology supplier and
contractor  adequately
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Key Description Mitigation Measure

Incidence of
risk

Insurance for workers responsible for this risk.
Emergency preparedness, fire & | As principal employer of
electrical safety all the people working
Safety of tools and equipment used under this project, EESL
should collect proper
documentation.
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12 Project Implementation Schedule

12.1 Execution Strategy

EESL and other stakeholders need to pay attention to project execution in order to deliver impactful
projects. The efforts and money on a project that is poorly executed do not produce results on the expected
lines.

Following are the project execution strategies to keep projects running efficiently and on schedule:

Define specific and measurable objectives: The well-executed project is seen as one that achieves its
desired results. Those specifics should include:

. The timeline for the project- Identify milestones and deadlines that are needed to accomplish
incremental progress.

. The staff and infrastructure resources necessary to complete the project. This would include full-
time employees, outside contractors, part-time staff or specialized freelance support to properly
execute the project.

. The cogt of the project- Be sure to take into account human resources and material costs, including
hardware and software or consulting fees, travel or other incremental expenses.

Plan for the unexpected: The project managers should take into account that not everything will go as
planned. Being prepared for changes al so means standing behind a project’s goals on abroad level. Asthe
project is being executed, project leaders should be able to explain and support what has happened in the
project to date, along with: current status, what the results thus far mean to the project and its objectives,
and what specific impact these results will have on the project in terms of cost reduction, broader
opportunities, etc.

M easure progress through project waypoints. The process to improvement must invariably include
measurement; and not just on a one-and-done basis. The different stakeholders need to measure progress
along the way to see an updated view of the project so that they can respond immediately if (and when)
project parameters need to be re-calibrated or changed. Measurement should be happening organically so
that project |eaders have visibility into the time commitment of project participants and the cost of materials
and infrastructure.
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12.2 Proposed schedule
Thetotal implementation period of the EEM’ s as per the schedule provided by the pumping stationisgiven
in below table.

Table 250: Project Implementation Schedule

TO: Date of signing of MoU between State Government and EESL

TO TO TO TO

Activity TO 4 4 4 4
30 days | 90 days 105 days | 135 days

1 Signing of MoU between  State
Government and EESL

2 Inviting tenders for hiring of agency to
prepare IGEA Report

3 Preparation of IGEA and submission to
ULB
Submission of IGEA to SLTC by ULB

SLTC approval on IGEA

T1: Date of signing tripartite agreement between State Government, ULB and EESL, known as effective
date

T1 T1 T1
Activity T1 4 4 +
30 days | 90 days 255 days

T1
+

270 days

Sr.
No

Signing of tripartite agreement between
State Government, ULB and EESL

Inviting tenders for selection of pump
supplier

3 Selection of pump supplier

Installation of energy efficient pump sets at
4
ULB
5 Submission of M & V report to ULB by
EESL

Since the ULB has water supplying priorities; the implementation is proposed to be carried out in such a
way that the operation of pumping station is not impacted.
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Annexures

The Annexures have been compiled as a separate document.
List of Annexures:

Energy Auditor/Manager Certificate

Verified Job Cards

Calibration Certificates of Instruments
Electricity Bills

Performance Curves of new proposed pump sets
Budgetary Quotations from Pump Manufacturers
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