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DISCLAIMER

The contents of tills report are offered as guidance Hagler Badly Servtces, Inc, East West
Energv Agency and the Uruted States Agency for InternatiOnal Development and all techrucal
sources referenced m tills report do not (a) make any warranty or representatiOn, express or
implied, With respect to the accuracy, completeness, or usefulness of the mformation,
apparatus, method, or process disclosed m tills report may not mfhnge upon pnvately owned
nghts, (b) assume any habdities With respect to the use of, or for damages resultmg from, any
mformatiOn, apparatus, method or process dIsclosed m thIs report ThIs report does not reflect
offiCIal Ylews or poliCIes of the above named mstitutiOns Mention of trade names or
commercIal products does not constitute endorsement or recommendatiOn for exclUSive use

QUALITY ASSURANCE STATEMENTS

The contents of tills report mclude recommendations based on data proYlded by the chent
orgamzatiOn, measurements made on SIte, calculatIons and engmeenng Judgement The
conclUSiOns reached were based on a hnuted engagement ofless than ten days duratIon at the
enterpnse and not an exhaustIve engmeenng analySIS Hagler Badly Servtces, Inc certIfies that
thIs report conforms to the level ofbest commerCIal practice for mdustnal energy audits of
sinular level of effort, as conducted m the Umted States ThIs report has been prepared under
the guIdance of a registered ProfeSSiOnal Engmeer, hcensed to practice m the Umted States
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SECTION 1

EXECUTIVES~Y

Cost-effectIve energy effiCIency measures can result m large savmgs for an mdustnal enterpnse, thus
releasmg money spent on energy for other lffiportant uses by the management ofthe enterpnse These
cost savmgs can help to make the enterpnse stronger, more productIve and more compet1tlve

One ofthe programs sponsored by the Unrted States Agency for International Development (USAID)
IS the Energy EffiCIency and Market Reform Project for RUSSIa (Contract No CCN~0020~C-OO-152

00) As part ofthIs proJect, a team ofengmeers from East West Energy Agency m Moscow, led b)
Hagler BaIlly camed out srte actIVlt1es at the lvanovo CHP No 3 facl1rty mthe lvanovo RegIon
TheIr objectIves were to work With the enterpnse personnel and techmcal personnel from Ivenergo and
to IdentIfy Opportunrties for lffiprovements m energy effiCIency of the vanous mdustnal processes at
lvanovo CHP No 3

Dunng the srte VIsrt, a vast amount of data was collected on the operatlng charactenstlcs ofthe
facl1Ity, the eqUIpment mstalled, and the energy usage Metenng and measurements were done at key
locations to determme the energy usage levels and operatlng effiCIencIes of the eqwpment All ofthIs
mformation was then analyzed by the energy effiCIency experts and evaluated for areas of potentIal
lmprovements These evaluatIOns resulted m some recommendanons for Implementlng cost-effectIve
modrficatIons to lmprove the energy effiCIency ofthe enterpnse

Based on the recommendations, the estlIDated overall savmgs for all energy effiCIency measures for
CHP #3 IS 6 454 nullIon rubles per year Table 1 IS a summary of these recommendations The table
shows each recommended measure and mcludes the estImated costs and benefits, together wrth the
slmple payback for Implementmg these measures

The management of lvanovo CHP No 3 should reView these energy effiCIency measures and the costs
and benefits of each A deCISIon on the measures to be lffiplemented and the deternunation ofthe
financmg for these should occur as soon as pOSSIble Followmg that, the specIficatIons for eqUIpment
and busmess plans for Implementation wIll be wntten These will be used m deternunmg the
financmg arrangements Once approved, the energy effiCIency measures will be procured and
mstalled

The pTlffiary ObjectIves of thIS General Energy Survey, agreed wrth the management of Ivenergo, IS
the evaluatIon of effiCIency ofthe applIcation of adjustable electnc dnve for feedmg and network
pumps

The followmg assumptions were made for the evaluatIons ofthe effiCIenCIes ofthe vanous
approaches

1 The followmg power tanffs aval1able at the moment of energy survey were used m the
analysIS

•
•

salepnces
for own needs

460 rubles per kWhour,
67 rubles per kWhour

2 ConverSIon rate ofUSD to rouble was 1 USD =5,700 rubles

3 Bank mterest on loans and mflatIon rates were not conSIdered m repayment calculatIons

Page 2



(sImple repayment)

lvenergo Puwer Plant \0 3 - ell)' ofIvanolO

Table 1

Recommended Energy Efficlencv Measure
for

Ivanovo CHP No.3

DescnptlOn Umts Annual Annual Cost SImple
No of of Ener~ Savmgs of Payback

Measure Measure Savmgs m Rubles Measure 10 Years

I Adjustable speed dnve Mwh 3700 6454 2 ISS 18 months
at SE2500-I80 nulhon nullton R
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SectIon 2

IntroductIon

The purpose of conduetmg the energy audrt at lvanovo CHP No 3 was to collect and analyze
appropnate data and mfonnatlon about the enterpnse and the energy usages wrthm the factlrty then
use thts mfonnatlon to make recommendatIons on cost--effeet1ve measures to mcrease the effiCIency
level ofthe plant The process mvolved the colleetJon of lnstoncal use of electnctty, gas, coal and
other fuels and then assocIated costs It also mvolved some metenng and measurements ofkey
energy usmg eqUIpment at the factlrty Thts was done usmg the most current and soplnstlcated energy
aucirtmg eqwpment available
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SectIOn 3

EnterprIse DescrIptIon and Energy Consumption

In order to better understand the overall sItuation WIth the enterpnse and tt's energy use tt IS
Important to look at the charactenstIcs operations processes and energy reqwrements ThIs semon
proVIdes the descnptIon ofthe enterpnse, followed by a descnptIon ofthe faCIlrty ttself, and then a
descnptlon ofthe energy uses and reqwrements After that IS a descnption ofthe data colleroon from
the measurements and metenng that was done dunng the energy audtt

A EnterprIse DescrIption

The pnmary act1vrty ofthe enterpnse IS the generatIon ofheat and electnc power for needs of
enterpnses and communal semces of lvanovo-town The baSIC eqwpment IS RussIan made

The mstalled plant capacIty IS 330 MW the heat power IS 1,076 GCal
The mstalled Steam ProductIon CapacIty ofa Boiler Shop IS 2,100 tons per hour
MaX1l11UID consumption ofnatural fuel- 271 tons per hour

Fuel structure m 1996

•
•
•

coal
gas
boIler 011

309%
682%
09%

The rated amount ofthe Productlon-Industnal Staffas on January 1, 1997 amounted to 889 people
mcludmg 118 people proVIded by contractors

The followmg equipment was mstalled at IvTETs (Ivanovo Power Plant)

• power boIlers No 1 2, 3,4 and 5 Type TP-87, D=420 t/hour, P=140 kgf/cm2
, t=560°C

• steam turbme PT-60-130/13, Station No 1, electnc power - 60 MW, heat prodUction
capacrty-139 GCallhour,

• steam turbmet-llO/120-130-3, Station No 2, electnc power -110 MW, heat productIon
capacIty - 181 GCallhour,

• steam turbme PT-80/100-130/13, StatIon No 3,4, electnc power - 80 MW, heat productIon
capacIty - 181 GCallhour,

• peak-power water-heatmg bollers PTVM-I00, StatIon No 1,2 and KVGM-I00, StatIon No
3, 4 wtth the mstalled power of 100 GCallhour each,

• power transformers

No other new eqwpment has been mstalled and put mto operatIon ever smce the plant was bwlt
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A Farnht} Descnpnon

Accordmg to the plant personnel, the followmg statIstiCS reflect the mstalled and available heat and
power from the plant The mstalled electnc power capacIty ofthe plant IS 330 J\fW and the average
available power m 1996 was 296 J\fW The mstalled heatmg capacltv ofthe plant IS 1,076
GCal/hour whtle the available heat generatmg capacIty m 1996 was 876 Gcal/hour

Output

Electnc power generation

The electnc power generatton m 1995 and 1996 15 shown m the followmg table

Table 2
Electnc Power generatzon In 1995 and 1996

No Parameter Umt 1995 1996 Absolute %
zncrease

value
1 Electnc Po\\er generatIon Thousand 1080378 1262657 +182279 +169

kWh
2 Power supphed from Thousand 928,600 1097532 +168932 +182

busbars kWh

Data relatmg to electnc power generated each month 15 gtven m Table 2 and FIg I

Table 3
Electrlc power generated each month In 1996 thousand kWh

No Month ElectriC power J!enera1ed, thousand kWhour
1 Januan 165 141
2 Februarv 156936
3 March 136802
4 Apnl 100254
5 Ma, 48,778
6 June 49760
7 July 52032
8 August 43232
9 September 53888
10 October 141,980
11 November 156858
12 December 156996
13 Total per year 1,262657
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FIg 1 Dvnamlcs ofelectrlc power generation In 1996

Heat GeneratIon

The heat generatIOn m 1995 and 1996 IS shown on the followmg table

Table .J.
Heat Po»er generation In 1995 and 1996

No Parameter Umt 1995 1996 Absolute %
value

1 Heat Power generatIon In the Gcal
form of
- hot water 1 565 3~1 1692 678 +127337 +813
- steam for productIon facIlItIes GCaI 178421 171996 -6425 -3 6

Data relatmg to heat power generated m each month of 1996 IS gIVen m Table 5 and FIg 2
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Table 5
Heat power generated each month In 1996 GCal

No Month Heat power generated GCal
Total mcludmghot mcludmg

water steam
1 Januan 298398 266615 31 783
2 Februan 266673 238 181 2804-92
3 March 226223 200277 25946
4 Ann! 175 6-4-04- 165409 10235
5 Ma, 77222 76777 445
6 June 80616 736620 6996
7 Juh 63247 56695 6552
8 August 3* 83* 33677 1157
9 September 58508 57319 1 189
10 October 1*6122 133672 12450
11 November 187493 166680 20813
12 December 24969* 223756 25938
13 Total per ,ear IBM 674 1692 678 171996

3OCOOJ

3CXXJOO

24CXXXl

1800Xl

12CXXXJ

&XXX>

0
I II III IV V VI VII VIII IX X XI XII

-..-Heat Power Generation total -ll-Hot Water Generation

Fig 2 Heat Generation GCal

-4-Steam

The connected heat load at the end of 1996 was 685 GCal./hour, whtch mcluded 567 GCal/hour,
steam 112 GCal/hour, and avaIlable heat generatIon capacIty m terms of steam IS equal to 225
GCal/hour (320 tons per hour)

The average annual actual heat load m 1996 amounted to 212 GCal./hour, wht1ethe maxunum was
462 GCal/hour
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The total connected heat load ofthe Power Plant (TETs), mcludmg Its own needs, at the end 1Q96 was
597 GCal/hour However, the avauable heat generanon capacrty ofthe Power Plant m terms ofhot
water amounted to 551 GCal/hour Thus, the deficIt ofheat power m terms ofhot water IS equal to 46
GCal/hour

UnIt electnc power consumptIon for own needs

The enterpnse reported the followmg mformation to the energy audrtmg engmeers

The Unrt electnc power consumptton per generated power IS equal to 655% as compared to 716% m
accordance WIth rated parameters The UnIt electnc power consumptton per supplIed power IS equal
to 44 23 kWhour/GCal/hour as compared to 46 29 kWhour/GCal/hour m accordance WIth rated
parameters

In general, 11,561 thousand kWh were saved as compared wIth rated values, mcludmg

• savmgs m respect ofgenerated electnc power - 7,725 thousand kWh
• savmgs m respect of supplIed heat - 3,836 thousand kWh

The above mentIoned savmgs were obtamed as a result ofpower consumpnon savmg for circulatmg
pumps and the heatmg unrt

The unIt power ConSumptIon for own needs dropped as compared WIth 1995

• savmgs m respect ofgenerated electnc power - 0 29%
• savmgs m respect of supplIed heat - 0 45 kWh

UnIt fuel ConSumptIon

The actual unIt consumptIon of assumed fuel per supplIed electnc power m 1996 was decreased 687
g/kWh compared WIth 1995 and amounted to 308 91 glkWh The actual unrt consumptlOn of assumed
fuel per supplIed heat m 1996 was decreased 4 02 kg/GCal as compared wIth 1995 and amounted to
131 kg/GCal

The above mentIoned mcreased effiCIency as compared wIth 1995 was Improved as regards the
followmg parameters

• vacuum m condensers,
• electnc power consumptIon by feedmg pumps,
• electnc power consumptIon by dust preparatIon facuItIes, draft and blowmg,
• effluent gases temperature,
• steam and condensate losses
• losses connected wIth mechanIcal bummg msufficiency

ProductIon Cost

The actual full cost of 1 kWh ofelectnc power generated m 1995 was 119 29 rubles, and 1 GCal of
heat power - 49,899,31 rubles
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C Application of adjustable electnc drive

The possIbility ofthe use of adjustable eleetnc dnve m network and feedmg pumps at lvanovo TETs
3 Power Plant was thoroughly mvesttgated WIth the frame work ofthIs survey The basIc parameter
searched for IS the penod of sllllple repayment of such approach The followmg assumptIons were
made for the purpose of calculatIons

All electnc power saved as a result of use ofthe adjustable electrIc dnve ofthe pump is sold
under supplytanffs So the resultmg savmgs shall be equal to dtfference between supply
tanffs and the cost of eleetnc power (460 - 67 =393 rubleslkWhour)

2 The pnce of adjustable eleetnc dnve IS evaluated basmg on the eleetnc power of pump dnve
(kW) and a unrt pnce ofthe dnve (USDIkW) The unrt pnce of dnve equal to 270 USDIKW
was used for the purpose of evaluatIons

ApplIcatIon of adjustable electrIC drIve for network pumps

All evaluatIons of repayment was based on semce parameters of SE 2500-180 network pumps
prOVided by lvanovo TETs-3 The vanant ofusmg adjustable electnc dnve for one ofthe avatIable
network pumps was analyzed In thIS case all the other pumps operatIng wrth the one equIpped wrth
adjustable electnc dnve are operatIng WIth completely open valves (at discharge) It is techmcally
feaSIble to desIgn a control system WhICh could make It pOSSible to extend adjustable control
capabtlrtles to another pumps

In order to obtam a full pIcture not only the dependence between repayment penod and network water
flow through a group ofnetwork pumps was analyzed but also the effect of pressure m a pressure
plpelme The effect ofwater flow through the group ofnetwork pumps was analyzed m the range of

3 WIth 38000 - 11000 m /hour a step at least 500 m /hour (9 pomts) The effect of pressure m a feedmg
plpelme (after pumps' valves) was analyzed for the pressure values equal to 110, 120 and 130 meters
ofwater column (3 pomts)

In order to prOVide a comprehensIve analYSIS of extended data array MIcrosoft Excel verSIon 5 Oa was
used SeTVlce parameters ofthe pump and the dependence of Its efficIency on consumed electnc power
was descnbed by mathematIC dependence for subsequent mathematIcal processmg (See, FIg 3 and 4)
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SE 2500-J. 80 network pump
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The dependence ofefficIency on consumed electnc power IS descnbed by the followmg equation

Q=AH2 + BH + C where

A= 01649
B= 29726
C= 19989

.. 
50 100

!-- - -!--

150 ZJ:) ~I

o
o

700
05

1000
065

2000
08

The dependence of efficIency on productIon capacity IS descnbed by the followmg equation

2Q =AH + BH+ C, where
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Q = AH1
- BH'" C, where

A= -2 47E 07
B= 00009
c= 00008

09 !
06 I
07

06

05

04

03

02

01

y == 2E-Q7"f + 0 0009x 0 0008
R2 =09999 --- --.

- --j.-----t- - -t------ --t -

EO) eoo 1CXXl l2Xl
t

l4X> lEO) 1800

FIg 3 ServIce parameters ofSE 2500-180 networkpumps and theIr
mathematic descnptIons
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The dependence ofpower on productIon capacIty IS descnbed bv a polynom of the 3rd degree

A= -407E-11
B= 0 000000202
c= 00000579
D= 085157

~~======~~-----

o
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The dependence ofhead on productIon capacIty IS descnbed by the followmg equatIon

Q=AH2 + BH + C, where

A=
B=
c=

0000008817
000366

22251

FIg 4 ServIce parameters ofSE 2500-180 networkpumps and
theIr mathemahc deSCrIphons
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In all var ~ one general assumption was used that heat IS not supplted wrthm the penod of four
months (J -= July, August and September) and m May heatmg was supplted for 9 days and m
October fc 15 days Such supply mode was typical for 1996

A Data Table specially elaborated for the purpose ofthiS Project made It possible to make necessary
calculatIons for all 27 vanants (9 x 3) For example, see a pnnt-out of analYSis resuhs for one of

3vanants (flow - 9000 m /hour, pressure - 120 m ofwater column m AppendIX, Table 51)

See shortened spread-sheets ofesttmatlons for vanous pressure values (lID 120 and 130 m w c ) and
network water flow through the group ofpumps (8000,8500,9000,9500, 10000 and 11000 m3/hour)
m Tables 51 - 53-7 m Appendix

The Aggregate Table ofEsttmatIons for all vanants and curves are gIVen m FIg 5
Water Flowfor a group of 8,000 8,500 9,000 9,250 9,500 9,750 10,000 10,500 11000
pumps, "l/hour
Pressure 10 pressure plpelme 18 22 26 38 56 131 16 16 17
== 110 m"c (peak. - 9820
tlhour)
Pressure In pressure pIpelIne 20 27 39 72 252 18 18 18 20
== 120 m \\ C (peak - 9574
tlhour)
Pressure In pressure pIpelIne 24 42 117 23 21 20 20 22 26
= 130 m \\ c (peak - 9229
t'hour)

Dependence between repayment penod ofthe mtroductlon ofadjustable electnc dnve and network
water flow through the group ofnetwork pumps

Page 14



lvene:rgo Power Plant \0 J - cay ofIvanovo

300...---------------------,

250 - -- ----- - - --+J- - --

50

I.
-- --<-----,-- - -~-- -- -

________A._._ _

•
I .0
• I

______/--_---4 __L __
• I
a I

-- ----r.:.--I-
l;l J/r'

~~~~~~;~2~3~2~1~~18~~16~~~~~~_~---O-!----....----.....---....----,.----.-----/
8000 8500 9000 9500 ooסס1 10500 11000

ne~twork water flow through the group of network pumps

_-pressure In the pressure pIpeline = 110 m w c (peak

• 0 9820 tl hour)

- pressure In the pressure pipeline =120 mw C (peak 9574

Fig 5 Repavment period In case ofthe mtroductlOn ofadjustable electric drIve
for SE 2500-180 network pumps Ivanol-o TETs-3

It ould be noted that an mrnal attempt was made by engmeers to perform the repa}ment analvsls on
the baSIS ofthe available statistIcs relatmg to the operation ofthe network pumps m 1994 - 1996
T s approach was later rejected The explanatIon for tins IS mostly defined by the value ofnetwork
VI er flow through the group ofnetwork pumps The decISIon should not be made to mstall new
eqUIpment by JUst analyzmg the statIstIC data ofpassed years, for new heat users are bemg connected
f - -;h year and heat supply IS growmg WIth every year (mcludmg the flow ofnetwork water) It IS
) cessary to use development forecasts for the next two - three years

'The above should be explamed WIth the followmg example In the wmter of 1996, the operatIon mode
las charactenzed by SlIDultaneous operatIon ofthree pumps wrth fully opened valves The pressure

mthe pressure pipehne was about 120 m w C Based on the semce parameters, the flow value
through the group ofthree pumps should be equal to about 9500 m3/hour Thus, the network water
flow ill 1996 amounted ill average to 9500 m3/hour IfadJustable dnves were mstalled, the repayment
penod for thIS operatIon mode IS more than 250 months The first off-hand conclUSIon could be that
such vanant IS bardly practIcal from econonnc pomt ofView

However, for 1997 the outcome IS dtfferent WIth a certam degree ofconfidence one can say that rt
would grow The estunated maxnnum flow throu~ the group ofthree pumpS wrth the feedmg
plpelme pressure of 120 mwe IS equal to 9574 m /hour It means that mthe event thIS value IS
exceeded these three pumps would not be able to prOVide reqUlfed head and the fourth pump should be
started-up Smce the adjustable dnve makes It pOSSIble to aVOId pressure loss at valves, and m 1996
such losses were practIcally negltgtble, the use of adjustable dnves was not feaSIble from economIC
pomt OfVlew (WIth repayment penod exceedmg 20 years l) But as soon as the fourth pump IS started
up, and operators have to crack-down all four valves the maxnnum hydraultc losses occur and,
subsequently the maxunum mefficlency ofpower consumptlon For example, WIth the flow rate of
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.."er Plimt \0 J - City oflvanovo

9750 m3/hol- -11_ _"ure of 120 m w c the repayment per c...:: ...al to 18 months WIth a slow
mcrease up t 20 m ills m case flow rate mcreases up to 11000m Ihour When the network water
flow rate reaches the next "cntIcal" pomt (4 x 3191 = 12764 m3/hour - the maxunum output of all
four pumps at pressure 120 m w c) econonuc efficIency ofthe adjustable drIve would decrease

Thus, It IS ObVIOUS that the shortest repayment penod for such vanant could be feaSIble m the event
the network water flow rate closely reaches the "cntIcal" pomt Of course It apphes onlv mthe event
that tlus pomt would be passed anyway

ConclusIOns In accordance WIth the above mentIoned we thmk that the matter of mstallmg
adjustable electnc drIve at one ofthe pumps oflvanovo TETs-3 shall be resolved wrth the
conSIderatIon ofheat consumptIon trends forecasts for the nearest future On the other hand
It should be stressed that current sItuatIon at lvanovo TETs-3 could be charactenzed as the
maXImum beneficIal from the pomt of View offast repayment for the mtroduction ofthe
adjustable electnc drIve (on the conchtion that network water demand mcreases soon)

Apphcanon of adjustable electriC drive m feedmg pumps

The analysIS ofeffiCIency ofthe use of adjustable electnc dnve m feedmg pumps was based on
serVIce parameters ofPE-500-180 feedmg pumps mstalled at lvanovo TETs-3 These parameters are
gIVen at FIg 6 Polynomes ofvanous degrees descnbmg these dependence have been defined

In contract to slIDllar analysIS for network pumps based on forecasted development, the analYSIS of
feedmg pumps operatIon was based on avaIlable statIstICS on the operatIon of feedmg pumps for the
passed four years (1993, 1994, 1995 and 1996) Such approach may be consIdered JustIfied, for feed
water flow rate IS more "conservatIve" than network water flow rate

Data from Ivenergo's Report on the OperatIon of Mam Eqwpment m 1993 - 1996 was used
(pressure, flow values and serVIce parameters)

The baSIC assumptIon was that one ofthe feedmg pumps was equIpped wrth the adjustable electnc
dnve In thIS case all the other pumps operatmg wrth the adjustable one are operatmg wrth full-opened
valves (at chscharge) The Aggregate Repayment EstImatIons for adjustable electnc dnve are given m
FIg 7 The detaIled pnnt-outs of all estImatIons are given m Tables PI-P4 of ~penchx

It could be stated that the adjustable eleetnc drIve should be repaId m 31 - 56 months A shght
scatter of repayment data IS notlceable, but Its range IS much hIgher than repayment penods adopted
m RUSSIan Power Industry as econonucallyefficient (24 months)
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The dependence ofpower on producnon capacIty IS descnbed by a polynom ofthe 1st degree

I
A= 3 118E-031

. B= 1 451l18, 4

3S
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Head, atm 175 208 204 196 183

The dependence ofhead on productIon capacIty IS descnbed by the followmg equation
Q:::0 AH2 + BH + C. where
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ServIce parameters OJ PE-500-180 feedmg pumps and their mathemanc
descrlpnons

Aggregate Repayment Estimations for FEEDING PUMPS

noel months
1991
43

1994
31

1995
56

1996
38

60
~

55 -:::
§

50 E
-0

45 0
;:

40
0
~-8 35 c
0

E
30 ;>,

"':l
~

25 ~

1993 1994 1995 1996

FIg 7 Repayment m the event adjustable electric drive IS mstalled
at feedmg pumps at lvanovo TETs-3

ConclusIOns In accordance WIth the above mentIoned we thmk that the mstallatl0n of adjustable
eleetnc dnve at the feedmg pumps of lvanovo TETs-3 presently IS not feaSIble Currently,
the standard maxnnum payback penod ofan energy effiCIency measure m the RUSSian power
mdustry IS two years In this hght, the mtroductlon of regulated electnc dnves at the feed
pumps oflvanovo CHP 3 IS not adVIsable at thiS pomt The final deCISion, however, should
be made by the enterpnse
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SectIon 4

Recommended Energy Efficiency Measures

A Potential Energy Efficiency Measures

The energy audttors mvestIgated as many potentlal efficIency measures as possIble m the tlme
budgeted for the project Subsequent to thIS the most cost-effectIve measures are recommended for
lffiplementatlon by the enterpnse Some ofthe potentIal energy effiCIency measures are not
reasonable because ofthe long payback penod, or very lugh mItIal cost Those measures m the
recommended lIst ConSIst of actlons that have sunple paybacks of less than 3 years GIven the
econonuc CondttionS m RUSSIa, thIS seems hke the most reasonable maxnnum tlffie penod for the
measures to be paId for by the savmgs

B Recommended Cost-EffectIve Measures

PROJECT I The mstallation of adJustable electnc dnve at SE 2500-180 network pump at Ivanovo
TETs-3

ObjectIve ofthe ProJect

Justrfications

To reduce hydraulIc losses at valves, and to proVIde a stable
operatlon mode for non-adjustable pumps, and to decrease
counter-pressure m pumps and, subsequently, to reduce the
nsk of faIlure and Idle nul ofthe eqUIpment

Presently, the operatlon mode ofnetwork pumps IS changed (regulated) by the vanatIon ofthe amount
ofpumps slffiultaneously operatmg and the posrtlon of valves at the discharge ofpumps In the event
that network water flow rate drops, operators crack down valves, thus mcreasmg counter-pressure at
the pump and, subsequently, blasmg a work pomt to the left along the performance curve ofthe
pump Tlus type of regulation has some drawbacks, mcludmg the followmg mam ones

I Pressure mcrease at the discharge ofthe pump For example, smce SE 2500-180 are aXial
type pumps, any mcrease of counter-pressure causes un-rated operatIon mode for pumps's
beanngs and, subsequently, theIr early wear and faIlure FaIlures and stops are unaVOIdable
m thIS case

2 It IS lffipossible to precIsely and accurately change operatIon modes ofthe group ofpumps
when they work m parallel In addrtlon to the above mentIoned mertia "swaymg" and
"suppressIon" ofone pump by another are takmg place, whIch also adversely affects the
servIce lIfe ofthe pump and Its rehabIlIty

3 Increased electnc power losses for the dnve related to the fact that m the course ofconversIon
of electnc power mto hydrauhc one a part ofhydrauhc energy IS bemg lost at valves The
above mentIoned estlffiations prove that such electnc energy losses may amount up to 20%

The use ofadjustable electnc dnve at one ofthe pumps would make It pOSSIble to prOVIde a stable
operatIon mode for another pumps not eqUIpped wrth adjustable electnc dnve WIth theu valves fully
cracked open It reduces counter-pressure and prOVIdes for a deSIgn operatIon mode ofthe pump,
whIch, m Its turn, substantially mcreases Its rehabI1Ity In the event that the system IS eqwpped WIth
the adjustable electnc dnve It would be pOSSIble to fast and adequately react to any pressure changes
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m the heatmg system -illd the mam pomt addrtlonal electrIc power losses are ehnunated and saved
power IS dtstnbuted to the users

Caprtal mvestments
Expenses for the purchase and mstallatton ofthe adjustable electrIc dnve were estnnated to be at the
level of270 USD per 1 kW of mstalled power ofthe dnve SE 2500-180 pump has the eleetnc dnve
WIth the power of 1 4 MW Thus, the total caprtal mvestments IS

1,400 kW x 270 USDIkW =378,000 USD (2,155 nnlbon rubles)

Heatmg MedIum Savmgs

The savmg of electrIc power IS much connected WIth the operation mode ofthe heating supply system
(outsIde heat ConSumptIon) Basmg on a moderately optIn11St1C forecast pOSSIble eleetnc power
savmgs would amount (consldenng pressure 120 m w c, flow rate 9750 m3/hour, savmg 15%,
repayment penod 18 months) to about 3,700 MWhIl,454 1 nnlbon rubles / 255 1thousand USD

Repayment penod

The repayment penod depends to much extent on the operation mode ofthe heating supply system
Based on a moderately optumstlC forecast (consldenng pressure 120 m w C flow rate 9750 m3/hour
savmg 15%) the repayment penod should amount to about 18 months
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Section 5

AppendIX

Thts appendtx contams data and mfonnatIon collected dunng the on-site act1vrties that was used m
the development ofthe recommended efficIency measures

Table 5

Table SI-1

Table SI-2

Table 51-3

Table 51-4

Table 51-5

Table 51-6

Table 51-7

Table S2-1

Table S2-2

Table S2-3

Extended Estunatlons Table for Repayment Penods assocIated WIth the mstallatlon
of adjustable electnc dnve at the SE 2500-180 network pump at Ivanovo TETs-3

3(pressure 120 m w c , total water flow for the group ofpumps - 9000 m /hour)

Table of Repayment EstunatIons (mam parameters) (network pump, pressure 110 m
water column, flow rate - 8000 m3/hour)

Table of Repayment Estunatlons (mam parameters) (network pump, pressure 110 m
water column, flow rate - 8500 m3/hour)

Table of Repayment EstlffiatlOns (mam parameters) (network pump, pressure 110m
water column, flow rate - 9000 m3/hour)

Table ofRepayment EstunatIons (mam parameters) (network pump, pressure 110m
water column, flow rate - 9500 m3/hour)

Table ofRepayment EstImatIons (mam parameters) (network pump, pressure 110 m
water column, flow rate - 10000 m3/hour)

Table ofRepayment EstImatIons (roam parameters) (network pump, pressure 120 m
water column, flow rate - 10500 m3/hour)

Table ofRepayment EstImatIons (mam parameters) (network pump, pressure 120 m
water column, flow rate - 11000 m3/hour)

Table ofRepayment EstunatIons (mam parameters) (network pump, pressure 110 m
water column, flow rate - 8000 m3lhour)

Table of Repayment Estunatlons (mam parameters) (network pump, pressure 120 m
water column, flow rate - 8500 m3lhour)

Table of Repayment Estunatlons (mam parameters) (network pump, pressure 120 m
water column, flow rate - 9000 m3lhour)
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Table 52-4

Table 52-5

Table 52-6

Table S2-7

Table S3-1

Table S3-2

Table S3-3

Table S3-4

Table S3-5

Table S3-6

Table 53-7

Table PI

TableP2

TableP3

Table P4

lvenergo Power PlturJ No J - City oflvanovo

Table of Repayment Estunatlons (mam parameters) (network pump, pressure 120 m
water column, flow rate - 9500 m

3
/hour)

Table ofRepayment EstnnatIons (mam parameters) (network pump, pressure 120 m
water column, flow rate - 10000 m3/hour)

Table of Repayment EstunatIons (mam parameters) (network pump, pressure 120 m
water column, flow rate - 10500 m3/hour)

Table of Repayment EstunatIons (mam parameters) (network pump, pressure 120 m
water column, flow rate - 11000 m3/hour)

Table of Repayment EstImatIons (mam parameters) (network pump, pressure 130 m
water column, flow rate - 8000 m3/hour)

Table ofRepayment EstImatIons (mam parameters) (network pump, pressure 130 m
water column, flow rate - 8500 m3/hour)

Table of Repayment EstImatIons (mam parameters) (network pump, pressure 130 m
water column, flow rate - 9000 m3/hour)

Table of Repayment Estunatlons (mam parameters) (network pump, pressure 130 m
water column, flow rate - 9500 m3/hour)

Table of Repayment EstImatIons (mam parameters) (network pump, pressure 130 m
water column flow rate - 10000 m3/hour)

Table ofRepayment EstImatIons (mam parameters) (network pump, pressure 130 m
water column, flow rate - 10500 m3/hour)

Table ofRepayment EstunatIons (mam parameters) (network pump, pressure 130 m
water column, flow rate - 11000 m3/hour)

Table ofRepayment EstImatIons based on data of 1993 (feedmg pump)

Table ofRepayment EstImatIons based on data of 1994 (feedmg pump)

Table ofRepayment Estnnatlons based on data of 1995 (feedmg pump)

Table ofRepayment EstImatIons based on data of 1996 (feedmg pump)
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Tab~e 51-1

AdJUstable Drive EffiCIency Eshmahons
Object
Pumps
CapaCIty, m3/hour
Electnc Dnve Power

Ivanovo TETs-3
SE2500-180
2500
140

200184,10415,91420,519

Vanant ofthe mstallatlon ofadlUstable electnc dnve
It IS assumed that Pumps wllhout 1dJu,table Pumps wtth 1dJu<;table electric dnve

eleanc drive
Month Amount of Amount of Amounlof Average Total water Consumed Rated flow r:Iednc Water flow f1ectnc Consumed J.lednc

days mthe pumps unItS days m pressure m flow rate for power With pres~ure power for a m'!hour power for the elednc power power
month operation per thesystern a group of MWhour m the S}stern basIc dme adjustable permonlh savul~per

month (after the Pumps m'!hour MWhour eledrtc dnve roTAI month
valve) mw m'!bour MWholir MWhour MWholir
c

January 31 3 31 110 00 8,500 3 088 3 273 2 082 1,953 ~36 74 2618 37 469 3CJ
February 29 3 29 110 00 8,500 2,889 3,273 1, CJ74 1,953 502 11 2449 44 139 10
March 31 3 31 110 00 8,500 3,088 3,273 2,082 1,953 516 74 2618 37 469 ~4

April 30 3 30 110 00 8,500 2,988 3,273 2,014 1,953 519 43 2533 'Jl 454 ~4

May 31 3 9 110 00 85,500 896 3 273 604 1,953 155 83 160 17 116 ~ 7
June 30 0 30 110 00 0 0 3,273 0 0 o 00 o Ou o 011
July 31 0 31 110 00 0 0 3,273 0 0 o 00 o 00 o 00
Auqubt 31 0 3] 110 00 0 0 3 ~ / > 0 u (J 00 o 00 o uu
September 30 U 30 110 00 u 0 3, /3 u 0 U uu o 00 u 00
October 31 3 15 110 00 85,500 1,494 J,~73 ],007 1,953 259 71 1266 95 L2/ 1L.
November 30 3 30 110 00 85,500 ~ 988 1 ~73 ,014 I, CJ~3 J 19 4 j 253 j 91 1c,4 1
December 31 3 31 110 00 8'),500 i,088 J, _73 _,08": 1, ()< j ~36 11 261H 36 469 j'J.. .. ....... -----

J lectTlc power S",IIIgf per vear, T01AL, MWhmtr
Dtllercnce m ~,t1L!Supply pnces rubleslkWhour

Incomes/or dlstrlhuted sal'ed electriC power per year, TOTAL, btll,olt r"blef
Umt cost ofthc dnve U::'DlkW

lotal wst of the dnve U~D

Current exchange rate roublelUSD
fotal pnce ofthe Dnve btllton ruble~

Repayment perIOd (11of cOllsldermg hUllklltg IIIferest rate on loalls), mOllthf

3119 15
393

o 902
270

378,000
5,700

2 1546
22

19 60%
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Tab~e 51-2

Adlustable DrIVe EfficIency Estlmatrons
Object
Pumps
CapaCIty, m3/hour
Electnc Dnve Power

Ivanovo TETs-3
SE2500-J80
2500
140

19 0243,11015 91420 199

Vanant ofthe mstallattOll ofadlustable electnc dnve
It \s assumed that Pumps Without adJu<;llhlL Pumps wtth adJu'1ahle deunc dm e

el.:dnc dnve
Honth Amount of Amount of Amount of Average Total water Consumed Rated flow rtectnc Waterflow Flectnc Lon,umed [\ectr....

days mthe pumps units daysm pressure m flow rate for power WIth prCS'ure power for a mJihour power for the dooncpower power
month operation per the system a group of MWhour m thes)stem haMc dnve adJusl1ble per month ,avmg:; per

month (after the Pumps nl/hour M\Vhour e1ectn" dnve TOfAi month
vahe) mw mJihour MWhour MWhour MWhour
c

vJanuary 31 3 31 110 00 tJ,uOO 3 040 3 273 2.,082 1,4S3 4u6 /8 2188 71 ':>51 _1
February 29 3 29 110 00 8 000 2 844 3,L73 1,974 1,453 380 54 2327 87 _d 5 6S
March 31 3 31 110 00 8,000 3,040 3,L/3 2.,082 1,453 406 78 2188 41 551 _1
Apn1 30 3 30 110 00 8,000 2,942 3,L73 L,014 1,453 193 66 2408 14 533 43
May 31 3 9 110 00 8,000 8,82 3,27 3 604 1, 4~3 118 10 7U 44 160 03
June 30 0 30 110 00 0 U 3,~73 U 0 o 00 o 00 o 00
July 31 0 31 110 00 0 0 3,273 0 0 o 00 o 00 U 00
August 31 0 31 110 00 0 0 3,27 3 0 0 o 00 o vO o 00
September 30 0 30 110 00 0 0 3,L73 0 0 o 00 o 00 o 00
October 31 3 15 110 00 8,000 1,471 3,273 1,007 1,453 196 83 1204 07 2.66 71
November 30 3 30 110 00 8,000 2,942 3,273 2 014 1 453 393 66 2408 14 533 13
December 31 3 31 110 00 8,000 3,040 3,273 2,082 1,453 406 78 2488 41 <,SI L1

",n .......... .... .... ", ....... -_ ..

Lleclrlc power sa..",cs per year, TOTAt, MWlwllr
DI1Terence III ~ale/Supp!ypflces rub!es/kWhour

[llcomes for d,strlb"led sal ed eleclrlc power per year, TOTAL, b,1l,011 r"bles
Untt cost of the dflve USD/kW

Tota! cost of the drtve USD
Current ell.chanl!.e rate roublelUSD

lata! pme of the DrIve billion rubles
Repaymelll period (1101 conslderltrc bankmg ",Ieresl rale Oil loalls), II/(",II,S

3,662 88
393

o 902
270

378,000
5,700

2 1546
18

23 02%
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Tab~e 51-3
Adlustahle Drive EffiCIency EstlmatlOIIs3
Object
Pumps
CapacIty, m3/hour
Electnc Dnve Power

lvanovo TE1 s-3
8E2500-180
2500
140

21 1975 28215,91420,720

Vanant ofthe UlstallatlOn ofadlustable electnc dnve

It IS assumed that Pump~Without adJu~table Pumps with adjustable electn<.. drive
eledn<.. dnve

Month Amouotof Amount of Amount of Average Total water Consumed Rated flow Ilectrl<.. Waterflow llectn<.. Consumed Electnc
daysmthe pumps UOils days Ul pressure m flow rate for power With pressure power for a m'ihour power for the e1edn<.. power power
mOlltll operattOll per thesyslem a group of MWhour m the system basIc drive adJU'itable per mOllth savmgllper

month (after the Pumps m'ihour MWhour elednc dnve TOTAL month
valve) mw m'thour MWhour MWhour MWhour
c

January 31 3 31 110 00 8,00U 3,118 3, ~ 73 ~,OIL .... ,4~3 VIO 94 ,072 58 34!:J 4 >

February 29 3 29 llu 00 8,000 ~ Cl17 3,21 j 1,974 ~,4J3 (,46 37 2593 70 323 16
March 31 3 31 110 00 8,000 3,118 3,27j 2 082 2,4')3 690 94 2772 58 345 45
April 30 3 30 110 00 8,000 3,117 3 273 2,014 2,453 (,68 66 2683 14 334 41
May 31 3 9 110 00 8,000 'l05 3 ~73 604 2,453 200 60 804 93 100 2 J
June 30 0 30 110 00 0 u 3,273 a a o 00 o 00 o 00
July 31 0 31 110 00 0 0 3,273 0 0 o 00 o 00 o OU
August 31 0 31 110 00 0 0 3,27 3 0 0 a 00 o 00 o 00
September 30 0 30 110 00 0 0 3,273 0 a o 00 o 00 o 00
October 31 3 15 110 00 8,000 1 509 3 .<73 1 007 2,453 334 33 1341 57 167 15
November 3U 3 30 110 00 8 000 3,017 3 273 2,011 2,453 668 66 2683 14 334 31
December 31 3 31 110 00 8,000 3,118 3,273 2,082 2,4J3 690 94 2772 58 345 45

"""' .............. ........... ~ ........ - -- ---
ElectriC power sa'"ngs per year, TOTAL, MWhour

Difference III Sale/Supply pnces rubleslkWhour
Incomes for dIstributed saved electriC power per year, TOTAL, bIllIon rubles

Umt cost of the drive USDIkW
Total cost of the dnve USD

Current exchange rate roublelUSD
Total pnet.. of the Dnve btlhon rubles

Repayment period (llot cOllsldermg bankmg mterest rate 011 loans) mOllthf

2,295 58
393

o 902
270

378,000
5,700

2 1546
29

14 42%
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Tab~e 81-4
Ad/ustable Drive Effic.ency EstimatIOns
Object
Pumps
CapaCity, m3/hour
Electnc Dnve Power

Ivanovo TETs-3
SE2500-/80
2500
140

22 557I; 64215;91420,786

Variant ofthe mo;tallallon of adlustabl.... deanc dnv...

It IS assumed that Pumps wlthoul adjustable Pumps wdh ddjustable declrlc dnve
electncdnve

Month Amount of Amount of Amount of Average Total water (.OIlsumed R1led flow Ilectnc Water flow L1ecln... (.OIl~umed Eledn...
days mthe pumps unrts daysm pressure m flow rate for power wdh pressure power for a m'/hour power for the e1ectnc pow.,.. pow.:r
mOllth operatIon per thesystern a group of MWhour m the system, baSIC dnve adjustable permOllth savm~per

mOllth (after the Pumps m'/hour MWhour electnc dnve TOr<\.l month
valve) mw m'/hour MWhour MWhour MWhour
c

January 31 3 31 110 00 9,500 3,128 3,273 ~,082 2,)53 868 82 2950 45 177 51
February 29 3 29 110 00 9,500 2,926 3,273 1 974 2,953 812 77 2760 10 166 06
March 31 3 31 110 00 9,500 3,128 3 273 2,082 2,953 868 72 29">0 45 17 I <,I
April 30 3 30 110 00 9,500 3,027 3,273 2,U14 2,953 840 79 2855 27 171 79
May 31 3 9 110 00 9,500 9,08 3,273 604 2,953 L52 24 856 58 51 54
June 30 0 30 110 00 0 0 3,273 0 0 o 00 o 00 o 00
July it 0 31 110 no (J II 1 , j () () o un u 00 () 00
August 31 0 31 110 00 0 0 J,~/3 U 0 U 00 U ou o UU
September 30 0 30 110 00 0 0 3,?73 0 0 o 00 o uO o 00
October 31 3 15 110 00 'l 500 1 < 14 , _71 1 007 ? 'l "3 4:::0 40 1427 64 8'1 89
NovL.lIIber 30 3 30 110 00 9,500 -1,027 3, ~ I ; _,014 2,9~3 El40 79 285S 27 171 1'1

De... ember 31 3 31 110 00 9,500 3,128 3 °71 ~ 082 2,'l,)3 868 7? 2950 4J 177 51
ft'" "''''L'' ... r ", .. A - _. - - ---

llectTlc power Sal'mgs per year, 10rAL, MW/,ollr
Dlllercnce In ~alc/SupplVpnLcs rubleslkWhour

It,comes for dlStTlbllted sal'ed electTlc power per year, 10rAL, b.lllOII rubles
Umt cost of the dnve, USDIkW

Total cost of the dnve USD
Current eXLhange rate roublelUSD

Total PflCt.. ofthc Dnve billion rubles
Repayment peTlod (not cons,derlllg banking ",terest rate 011 loalls). III0llt/,S

1,179 61
393

o 464
270

378,000
5,700

2 1546
56

7 41%

PdgL 26
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Tab1.e 51-5

Adlustable Drive Efficleney EstimatIOns
Object
Pumps
Capacity m3lhour
Electnc Dnve Power

Ivanovo 1ETs-3
SE2500-180
2500
140

25,5681 69623,87226 369

Vanant ofthe mstallatlon ofadlustable electnc dnve

It IS assumed that Pumps WIthout adjustable Pump~WIth 1dJust .bl.. e1MrIl.. dn\ ..
electnc dnve

Month AmolUltof Amount of Amount of Average Total water Consumed Rated flow Electnc Waterflow Ltectm.. Consumed IICl..tnc

days mthe pumps umts daysm pressure In flow rate for power WIth pressure po\\er for a m1lhour power for the e1ectnc power power

month operatIon per the system a group of MWhour m the system ba'IC dnve adJu~table permontll sa\ml?!'per

month (after the Pumps m1lhour MWhour dectncdnve rorAl montll
valve) mw m 3lhour MWbour M\Vhour MWholir

c
January 31 3 31 110 00 10,000 3 968 3, ~73 3 122 1BO ,,21 88 3,344 32 c.~3 B8
February 29 3 29 110 00 10,000 3 712 3,273 2,9'1 18u 207 56 3,128 56 S83 63
March 31 3 31 110 00 10,000 3,968 3 273 3,128 180 ,,21 88 3,.>44 3L 6L3 88
Apn1 30 3 30 110 00 10,000 3,840 3,273 3,022 180 214 72 3,236 44 603 75
May 31 3 9 110 00 10,000 1,152 3,273 907 180 64 42 970 93 181 n
June 30 0 30 110 00 0 0 3,273 0 0 o 00 o 00 o 00
July 31 0 31 110 00 0 0 3 273 0 0 o 00 o 00 o 00
August 31 0 31 110 00 0 0 3 273 0 0 o 00 o 00 o 00
September 30 0 30 110 00 0 0 3,273 0 0 o 00 o 00 o 00
October 31 3 15 110 00 10,000 1,920 3,273 1,511 180 107 36 1,618 22 301 88
November 30 3 30 110 00 10,000 3,840 3,273 3,022 180 L14 7" 3,236 44 603 IS
December 31 3 31 110 00 10,000 3,968 3,213 3,12L 180 L21 88 3,,44 32 6?3 HA. ~ft~ ....It! r~,..

ElectTlc pOKer savmgs per year, TOTAL, A/WIID"r
Difference III Sale/Supply pnces rubleslkWhour

Incomes for d'strrb"ted sal'ed electTlc power per year, TOTAL, b,lholl r"blef
Umt cost of the dnve USDIkW

rotal cost of the dnve USD
Current exchange rate roublelUl;)J)

lotal pnce of the Dnve btlhon rubles
Repavmellt period (11Ot cOlls,der"'g ballk",g ",terest rate 011 loans), mOlltl,s

4145 76
393

1 629
270

378,000
5,700

2 1546
1s6

17 378
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Tab~e 81-6
Adlustable Drive Ef/ic,encv Esttn,allOns
Object
Pumps
Capacity m3/hour
Electnc Dnve Power

Ivanovo TETs-3
SE2500-J80
2500
140

25,8861 69623,87226,803

V~rlanlofth... m~1allalton ofadlu~1ableeleum.. drive

It IS assumed that Pumps wIthout adjustable Pumps WIth adJust~ble electrl'" drive
electm. drive

Month Amount of Amount of Amounlof A~erage 10131 water Consumed Rated flow Ilectrl... Waterflow r1ectriC Consumed Ilectrl...
days mthe pumps units days m pressure 10 flow rate for pO\~er WIth pressure power for a nlihour power for the electric power power

month operaltOll per thesy~em a group of MWhour m th... system bdSI... drive adJustabl... per mOllth savIO&" per

month (after the Pumps m'ihour MWhour electr.... drive TOTAl month
vahe) mw m'ihour MWhour MWhour MWhour
C

January 31 3 31 110 AU 10,500 40j3 3 273 j,Ll 68u 263 46 j,385 91 647 J')

February 29 3 29 110 00 10 500 3773 3 273 2,921 680 246 47 3,167 47 605 77
March 31 3 31 110 00 10,500 4033 3 273 3 U2 680 263 46 3,388 91 647')5
Apn1 30 3 30 110 00 10,500 1903 3,273 3,022 680 2')4 q7 3,2.76 69 626 66
May 31 3 9 110 00 10,500 1171 3,273 907 680 76 49 983 01 188 00
June 30 0 30 110 00 a 0 3,273 a 0 o 00 o 00 o 00
July 31 0 31 110 00 a 0 3 273 0 a a 00 o 00 u au
August 31 0 31 110 00 a a 3 273 a a o 00 a 00 a 00
September 30 a 30 110 00 a 0 3,273 a 0 o 00 a 00 o 00
October 31 3 15 110 00 10,500 1952 3,l13 1 511 680 127 48 1,638 34 313 33
November 30 3 30 110 00 10,500 3903 j,273 3 022 680 254 97 3,276 69 626 66
December 31 3 31 110 00 10,500 403j 3 271 3,122 680 263 46 3,385 91 647 ')5

-- ............. . ~-~ -- ---

EleCITlC power savl1lgs per year, TOTAL, MJflllO"r
DIlft.rence III Sale/Supply pnces, rubleslkWhour

]IIcomesfor d,stTfb"ted sal'ed electTfC power per year, TOTAL, b,lllOII r"bles
Umt cost of the dnve USDIkW

Total cost of the dnve USD
Current exchange rate roublelUSD

Total pnce of the Dnve bJlhon rubles
Repayment peTfod (not consldermg bankmg ",terest rate Oil 10alls), months

4,303 05
393

1 629
270

378,000
5,700

2 1546
16

18 033

I'dbL 2&



/l'ellergo Power Plallt No J - C,tv ofballm'o

Tabl.e 81-7

Adlustable DrIVe EffiCiency EstimatIOns
Object
Pumps
CapaCIty, m3/hour
Electnc Dove Power

Ivanovo TETs-3
SE2500-180
2500
140

25,8861 69623,87227 163

Vanant ofthe lO~tallatlonofadJustable eleunc dnve

It IS assumed that Pumps WIthOut adJust.ble Pump_ \\ rth adjustable electnc dnve
eleclTl<. dnve

Month Amount of Amount of Amount of Average Tolal water Consumed Rated/low LIeclnc Water /low Ileunc Consumed Flectn<-
days 10 the pumps Untts daysm pressure 10 /low rate for power \\ Ith pr=urL power for a m3thour power for thL eleunc power power
month operatIon per the system a group of MWhour 10 the sy~tem baSIL dnve adJu<table per month ~avmgs pl'1"

month (after the Pumps m3thour MWhour eleurl<- dnve TOTAl month
valve) lOW m3ihour MWhoUl MWhour MWhour
c

January 31 4 31 110 00 11,000 1 OUR 3 213 j 1 1179 i47 03 3,469 48 61R 14
FebtualY 29 1 2'1 110 00 11 (llllJ I H 1 i, I j , I 1 11 l'l I 4 r,1 3,2t1....J b4 78 r,
March 31 4 H 110 00 11,000 4,OiJfl j /j 3 L_ 11 19 347 03 3, 1b'l 48 blH 14
April 30 4 30 110 00 11, 000 3,056 3,~73 3,022 1179 335 84 3 357 56 ')98 20

May 31 4 9 110 00 11 000 1 187 3 213 907 1179 100 75 1,007 2 I 179 46
June 30 0 30 110 00 0 0 ., ;: /j 0 0 o 00 o 00 o OU
July 31 0 31 110 00 0 0 3,~13 0 0 o 00 o 00 o 00
August 31 0 31 110 00 0 0 3,273 0 0 o 00 o 00 o 00
September 30 0 30 110 00 0 a 3 273 a 0 (I 00 o 00 o 00
October 31 4 15 110 00 11,000 1 078 "3 ~ /j 1 511 1179 167 92 1,678 78 299 10
Novembel 30 4 30 110 00 11,000 3,056 3,273 3,022 1179 335 84 3,357 56 598 20
December 31 4 31 110 00 11,000 4,088 3,273 3,122 1179 347 03 3,469 48 618 14-- ... _- - -- - _p ""'''''10

ElectriC power saulIgs per year, TOTAL, MUlIIOur
DIfference III Sale/Supply pnces rubk.slkWhour

Illcomesfor dIStributed sUl'ed electric power per year, 10TAL, b,l/roll rubles
Umt cost of the dnve USDIkW

Total cost of the dnve USD
Current exchange rate roublelUSD

Total pnce of the Dnve btlhon rubles
RepaymelJt period (llot cOlIs,dermg ballkmg ",terest rate 011 loam). 11I00,tl,s

4 107 62
393

1 629
270

378,000
5,700

2 1546
17

1721%

I'dgt.. 29



b'ellergo POller Plant No J - CIty oj ba"Ol'O

Tab~e 52-1
Adlustable Drive Effic,encY Estimations
Object
Pumps
CapaCity, m3/hour
Electnc Dnve Power

Ivanovo TETs-3
8E2500-/80
2500
140

19 3853 45615 92920 199

Variant ofthe mstallallon ofadlu<:lable electriC dnve

It IS assumed that Pumps wllhout adJu\t1ble Pumps wllh adjustable electnc dnve
electnc dnve

Month Amount of Amount of Amount of Average Total water Consumed Rated flow L1ectnc Water flow L1ectnc <.onsumed ~Iectnl.

days m the pumps umts daysm pressure m flow rate for power wllh pressure power for a m3ihour power for the electnl. power power
month operallon per the system a group of MWhour mthe svstem baSIC drive adjustable per month savmglper

month (after the Pumps m3ihour MWhour electnc dnve rorAL month
valve) mw m3ihour MWhour MWhour MWhour
c

January 31 3 31 120 00 8,UOo i, u40 j, 1 11 Lo,08S 1,617 18'1 40 ~ ) 74 43 16~ 1 'l
Februaty 29 3 29 120 uO 8,00U ~ 841 3,191 1 9-,1 1,617 457 83 2408 34 43-, 18
March 31 3 31 120 00 8,000 1,040 3 191 2,U85 1 617 489 40 ~ ,74 43 465 19
April 30 3 30 120 00 8,000 ::., 'l4L 3 191 2,018 J,617 473 61 2491 3) 450 1 g

May 31 3 9 120 00 8,000 882 3,191 605 1,617 142 08 747 42 135 06
June 30 0 30 120 00 0 0 3,1 )l 0 0 o 00 o 00 o 00
July 31 0 31 120 00 0 0 3, J )j 0 0 o uo o on u ou
August 31 0 31 120 00 0 U i, 191 0 0 () 00 o 00 o 00
September 30 0 30 120 00 0 U 3, 1 )1 0 a o 00 o on o 00
October 31 3 15 120 00 8,000 1, 171 3 273 J,OU7 1 4-,3 196 8j 1-04 07 '116 71
November 30 3 30 120 00 8 000 _,942 3,273 L,014 1,453 j93 66 240B 14 533 43
Decembet 31 3 11 120 00 8,000 1,040 3, "7 j '1,O8? 1,453 406 78 48H 41 -,1 1

............... ,.. ... r ............. - --- _........_-

Electric power savlIIgs per year, TOTAL, MWlwltr
Difference In ~ale/Supplypnces rubleslkWhour

Incomes for dlStrlb"ted saled electric power per year, TOTAl... b,lboll r"bles
Umt cost of the dnve USDIkW

Total cost of the dnve U~D

Current exchange rate roublelU~D

lotal pfl(,e of the Dnve blJhon rubles
Repayment peTlod (not cOlls,derlllg bankmg mterest rate Oil Ioalls), ",olltl,s

3,302 16
393

1 298
270

378,000
5,700

2,1546
20

20 31%

Psg<- 10



h'energo Power Plullt No J - CIty ofhanolO

Tab~e 52-2
Adlustable Dme EffiCIency Estimations
Object
Pumps
CapaCity, m3/hour
Electnc Dnve Power

Ivanovo TETs-3
SE2500-180
2500
140

20,8024,86115,94020,519

Variant ofthe mstallatlon ofad,u~tableelectn... dm e
It IS assumed that Pumps WIthout adjustable Pumps \\ rth adju<;(able dectnc drlv...

electric drive
Month Amount of Amount of Amount of Average Total water Consumed Rated flow Flectrlc Waterflow Electflc Consumed rledrrc

days mthe pumps unrts daysm pressurem flow rate for power WIth pres~ure power for a m1lhour power for the electnc power power
month operatIon per thes)stem a group of MWhour mthe system basIc dove adjustabl... per month savlI1tyl per

month (after the Pumps m1lhour MWhour dectncdnve lOTAl month
\alve) mw m1lhour MWhour MWhour MWhour
c

January 31 3 31 120 00 8,500 3, U88 3,191 2,085 ~,117 635 86 2,720 89 ,66 86
FebruarY 29 4 29 120 00 8 500 2,889 3,191 1,951 2.,117 594 84 ?,54S 35 343 2.0
March 31 3 31 120 00 8,500 3,088 3,191 2,085 2,117 635 86 ~,720 89 366 86
April 30 3 30 120 00 8,500 2,988 3,191 2,018 2,117 615 35 2,633 12 35') U3
May 31 3 9 120 00 8 500 896 3,191 605 2,117 184 61 789 94 1U6 ')1
June 30 0 30 120 00 0 0 3 191 0 0 o 00 o 00 o 00
July 31 0 31 120 00 0 0 3,191 u 0 o 00 U 00 o 00
August 31 0 31 120 00 0 0 3,191 0 0 U 00 o 00 o uO
September 30 0 30 120 00 0 0 3,191 0 0 o 00 o 00 o 00
October 31 3 15 120 00 8,500 1 494 3,191 1,009 2 117 307 68 1,316 ... 6 17 7 52
November 30 3 30 120 00 8,500 2,988 3,191 2, 018 2,117 615 35 2,613 1~ 3',1) 03
December 31 3 31 120 00 8,500 3,088 3,191 2,085 2,117 635 86 2,720 89 366 86-- _... - .. -_ .. -- ---

ElectTlc power sal'lngs peryear, TOTAl, MWhour
Difference In Sale/Supply pnces, rubleslkWhour

]tlcomesfor d,strrbuted salled electTlc power peryear TOTAL, blilloll rubles
Unit cost ofthe dnve USDIkW

lotal ("Ost ofthl.. dnve UC;;D
Lurrent exchanJ!,l.. ratl.. roublelUc"D

1 otal pncl.. of the Dnve blllton rubles
Repaymetltperrod (llot cOllsldermg bunkmg IIIteresl rale Oil loalls), I1I01rlllS

2,473 87
393

o 958
270

378,000
5,700

2,1546
27

15 29%

PUf,L 11



benergo Power Plant No J - CIty ofballOlO

Tab~e 82-3

Adlustable Drive Efficleney Estimations
Object
Pumps
CapaCIty, m3lhour
Electnc Dnve Power

Ivanovo TETs-3
8E2500-180
2500
140

22 1136~17215,94020,720

Vanant ofthe mstallatlOn of ad1U~tableelectnc dnve
It IS assumed that Pumps without adjustable Pumps with adjustable electn<. dnve

electnc dnve
Month Amount of Amount of Amount of Average Total water Consumed Rated flow f1ectn<. Water flow Electn<. Con~umed Jlectnc

days UI the pumps units daysm pressure m flow rate for power with pressure power for a nlthour power for the e1ectnc power power
month operation per the system a group of MWhour mthe system, baSIC dnve adjustable per month swrng; per

month (after the Pumps m3ihour MWhour electnc dnve TOTAL month
valve) mw m1/hour MWhour MWhour MWhour
c

January 31 4 31 120 00 9, UOl' j,118 3 191 2,U85 2,617 S07 j4 2, SQ2 j7 ,,25 66
February 29 4 29 120 00 9,000 2 917 3 191 1,951 2,617 755 25 2,70" 76 211 10
March 31 4 31 120 00 9,000 3 lIS 3,191 , US!; _ 617 807 34 2,Oq2 17 .... 2..; 66
April 30 4 30 ILO 00 9,000 3,017 3,191 2,018 2,617 781 _9 2,79'1 06 21H 3e
May 31 4 9 120 00 9,000 905 3,191 605 2,617 234 39 83q 72 65 51
June 30 0 30 120 00 0 0 3,191 0 0 o 00 o uO o OU
July 31 0 31 120 00 0 0 3,191 0 0 o 00 U uo f) OU
August 31 0 31 120 00 0 0 3,1 ql 0 0 o OU o OU o 00
September 30 0 30 120 00 0 0 3,191 0 0 o 00 o Ou o UO
October 31 4 15 120 00 9,000 1 509 3,191 1,009 2,617 390 65 1,39Q 53 109 19
November 30 4 30 120 00 9 000 3,017 3,191 2,018 2,617 781 29 2,799 06 218 3e
December 31 4 31 120 00 9,000 3,118 3,191 2,085 2,617 807 34 2,892 37 225 66

................... ,. ....- ........... -

Electrtc power SQvmgs peryear, TOTAL, MWllOur
Difference In Sale/Supply pnces rubleslhWhour

Incomes for d,st"brtted sal'ed electric power per year, TOTAL, b,lllOn r"bles
Umt cost of the dnve USDI1W

Total cost of the dnve USD
Current exchange rate roubk./USD

lotal pnce of the Dnve bJllton rubles
Repayment period (llot cons,dermg bankmg mtereu rate on loalls) mOllths

1,499 55
393

o 589
270

378,000
5,700

2,1546
44

9413

I'lhL 12



1lellergo Pon er Plattt No 3 - City ofllano)'O

Tab~e 52-4
AdlUstable DrIVe Effic,eney Est,matrons
Object
Pumps
CapacIty, m3/hour
Electnc Dnve Power

}vanovo 1E1 s-3
8E2500-180
2500
140

23,6137,67215,94020 786

Van.lnt 01 th.. m&1alhtlOn 01 adIU&,bl.. deetn.. drlv~

It IS assumed that Pumps Without adJust1bl~ Pumps with adJU&1able dectn.. dnv..
electnc drive

Month Amount of Amount of Amount of Average Total water Consumed Rated flow f1ectnc Waterflow L1ectrl.. (.on~umed Hectm.
days In the pumps unrts daysm pressure m flow rate for power With pres&ure power for a m3Jhour power for the electric power power
month operatIon per the system a group of MWhour m the system baSIC drive adjustable per month savmg:; per

month (after the Pumps m3Jhour M\Vhour electriC dnve TOTAl month
valve) loW m3Jhour MWhour MWhour MWhour
c

January 31 3 31 120 00 'l,-,OU j,1_8 j 1 'll Utl j, 11 7 1 QfU <;6 3,OB8 ..>9 ~9 .1H
E'ebrudry 29 3 2q 12.0 00 9,50U 2,926 3 1')1 1,951 .1 111 938 81 2.,889 3.1 36 lJ3
March 31 3 31 120 00 q,500 .1 128 3,191 ,085 3 117 1,003 ')6 .1 08H 59 39 .18
April 30 3 30 120 00 9,500 3,0'7 3,191 2,018 3,117 911 19 2,988 96 38 10
May 31 3 9 120 00 '),500 9U8 3 191 605 3,117 291 36 896 69 1143
June 30 0 30 120 00 0 0 3,191 0 0 (I 00 o 00 o 00
July 31 0 31 120 00 0 0 3 I'll 0 0 o 00 o 00 o 00
August 31 0 31 120 00 0 0 3,191 0 0 o 00 o 00 o 00
September 30 0 30 120 00 0 0 3 I'll 0 0 o 01) o 00 o 00
October 31 3 15 120 00 9,500 1,514 3, I'll 1,009 3,117 485 59 1, 191 48 lq 05
November 30 3 30 120 00 9,500 3,OL7 3,191 2 01B 3,117 971 19 2,988 96 38 10
December 31 3 31 120 00 9,500 3,128 3 I'll 2,085 3,117 1,003 56 3,088 59 39 .18....._- -- _. -

Electrtc power savmgs per year, TOTAL, MWlIO"r
Difference III Sale/Supply pnces rubleslkWhour

II/comes for dntrtb"ted saved electriC power per year, J01AL, b'lllOI/ r"bles
Umt cost of the dnve USDIkW

10tal cost of the dnve USD
Current exchange rate roublefUSD

Total pnce of the Dnve btlhon rubles
Repayment period (not cOl/s'dermg bankrng mtere\1 rate 01/ loal/s) mOl/ths

261 65
393

o 103
270

378,000
5,700

2,1546
252

1 64%

1'1gl. 11



benergo Power Plallt No J - Crt}' of/J'anOJO

Tab~e 82-5

Adlustab1e DrIVe Efficlenev EstimatIOns
Object
Pumps
CapaCity, m3/hour
Electnc Dnve Power

Ivanovo TETs-3
8E2500-180
2500
140

25 9552,04423,91126,369

Vanant ofthe mstallatlon ofadlustable e1ed.nc dnv"

It IS assumed that Pumps wJthout adJU<:lable Pumps wJth ,dJustabl" electnc dnve
eled.nc dnve

Month Amount of Amount of Amount of Average Total water Consumed Rated flow Eled.nc Water /low LJectnc Consumed f1e<.tr."
days mthe pumps umts daysm pressure m /low rate for power wJth pressur.. power for Ii m

3
ihour power for the electric power power

month operatIon per the system a group of MWbour mthesystem basIc dnve adjustable per month saving; per

month (after the Pumps m
3
ihour MWbour electrl" drive rOTAI month

valve) mw m3ihour MWbour MWhour MWhour
c

January 31 4 31 120 00 10 000 j 968 3,191 3,128 4~6 267 42 3,394 96 573 4
February 29 4 29 120 00 10,000 3,712 3,191 ~ 926 426 250 16 3,1/593 ,36 5
March 31 4 31 120 00 10,000 3 968 3 191 3,128 426 _67 42 3, j94 96 573 24
April 30 4 30 120 00 10,000 3,840 3,191 3,027 426 258 79 3,285 45 554 /5
May 31 4 9 120 00 10,000 1,152 3,191 908 426 77 64 985 63 166 L.
June 30 0 30 120 00 0 0 3,191 l! 0 o 00 o 00 a 00
July 31 a 31 120 00 0 0 3 191 a 0 o 00 o 00 o nn
August 31 0 31 120 00 0 0 3,191 l! 0 o 00 o OU o 00
September 30 0 30 120 00 0 0 3,191 0 0 o 00 o 00 o 00
October 31 4 15 120 00 10,000 1,920 3 191 1 513 426 li9 40 1,612 72 27 I j7
November 30 4 30 120 00 10,000 3,840 3, I'll 3,027 426 258 79 3,285 45 554 ,,,
December 31 4 31 120 00 10,000 3,968 3,191 3,128 426 267 42 3,394 96 ')71 24

,..~ ~~" .... ,.. ...... -- ---

ElectriC power sal'lngs per year, 1OrAl., lIIJVlIO"r
Difference In Sale/Supply pnces rubleslkWhour

Incomes for dntrlb"ted saved electriC power peryear, 10r J1., bllllol1 r"bles
Umt cost of the dnve USDIkW

lotal (..Ost of the dnve U<;D
Current exchange rate roubklU~J)

fotdl pnce OfthL Dnve bllhon rublLl>
Repayment period (II0t cons,derlllg ballklllg lIItereft rate 011 loalls), Itltmtln

3809 26
393

1 497
270

378,000
5,700

2,1546
18

15 93&

l'agL 14



b energo Power Plant No J - Crty ofIt'anOl'O

Tab.le 52-6

Adlustable Drive Efficiency Estimations

Object
Pumps
Capacity, m3/hour
E1ectnc Dnve Power

Ivanovo TETs-3
8£2500-180
2500
140

26,4692 55823 91126 803

Vanant ofthe mstallatlOn of adlustable electriC dnve

It IS ahsumcd that Pump~ \,lIthoul,dju\1abk I'ump\ with adju\111bl" dedi I ... drl\"

electriC dnve

Month Amount of Anrountof Amount of Average Total water Consumed Rated flow Flcctnc WatCf flow Flcdnc Consumed f1ed.rK.

days mthe pumps unrts daysm pressure m now rate for power with pres~ure power for a m'lhour power for the ...Iectrlc power power

month operation per the system a group of MWhour m the system baSIC dnve adju<;!.able per month ~avmg;per

month (after the Pumps m1lhour MWhour e1ectr.... dnve TOrAL month

valve) mw m1lhour MWhour MWhour MWhollr

c

January 31 4 31 120 00 10,500 4,033 3,191 3,128 926 334 6~ 3,462 17 571 29

February 29 4 29 120 00 10,500 3,773 3 1 'Jl 2,926 926 313 01 3,238 80 534 43

March 31 4 31 120 00 10,500 4,033 3,191 1,128 926 334 62 3,462 17 571 2'1

April 30 4 30 120 00 10,500 3,903 3,191 3,027 926 3_3 83 3,350 48 552 8b

May 31 4 9 120 00 10,500 1,171 3,191 908 92G e17 15 1,005 14 Ifi,) 86

June 30 0 30 120 ou 0 U 3,191 0 0 o 00 o 00 o 00

JUly 31 0 31 120 00 u 0 3 191 0 0 o 00 o 00 o 00

August 31 0 31 120 00 0 0 3,191 0 0 o 00 o 00 o 00

September 30 0 30 120 00 0 0 3,191 0 0 o 00 o 00 o 00

October 31 4 15 120 00 10,500 1,952 3,191 1,513 926 161 91 1,675 24 2.76 IJ

November 30 4 30 120 00 10,500 3,903 3 191 3,027 926 323 83 3,35U 48 552 86

December 31 4 31 120 00 10,500 4,033 3,191 3,128 926 334 6? 3,462 17 571 29

-- --- - --- ~ - . --

ElectriC power savlIIgs per year, TOTAL, lIIWhour

DIfference In <iale/Supply pnLCS rubleslkWhour

[llCOllles for dlStrlbllted saved electric power peryear, TOT4L, b,Uroll ",bles

Umt cost ot the dnve USDIkW

Total cost of the drlVt. USD

Current exchan~e ratc rouble/USD

Total pnce of the Dnvc bIllIon rubles

Repayment period (II0t considerlllg bankmg mterefl rate Oil loalls) tnollths

3,796 32
393

1,492
270

378,000
5,700

2,154 6
18

15 888

Page 11



!lellergo P"wer Plam Ntl J - Lrty of!lanoJO

Tab~e 82-7
AdlUstable Drive Effic,encv Est,matlOns
Object
Pumps
Capacity nbhour
Electnc Dnve Po\\er

Ivanovo TI!.Ts-3
8£2500-180
2500
140

27,2773,36723,91127,163

Varl1nt ofthe In'1allatlOn ofadlu~bleelectrlt- dnve
It IS assumed that Pumps wrthout adjustable Pumps wrth adjustable electnt- drive

electnc dnve
Month Amount of Amount of Amount of Average Total water Consumed Rated flow h1ectrlC Waterflow I lectrlc Consumed f1ectnt-

days m the pumps unlls daysm pressure m flow rate for power With pressure power for a m'i1lOur power for the e1ectnc power po"er
month operatton per the system a group of MWbour m the wstem, basl'- dnve adjustable per month savmg<; per

month (after the Pumps, m'thour MWbour elcctnt- drive TOTAl month
valve) mw m'thour MWbour MWhour MWbour
c

January 31 4 31 120 00 11,000 4 lI88 3,111 " L8 1,4 7 5 140 35 3, S67 90 S19 12
February 29 4 29 120 00 11,000 3,824 3 191 ~, 926 1,4L5 411 94 3,337 71 486 19
March 31 4 31 120 00 11,000 4,088 3,191 3 128 1,425 440 35 3 S67 90 S19 72
Apnl 30 4 30 120 00 11,000 3 956 3,191 3,027 1 425 426 15 3,452 81 50~ 9S
May 31 4 9 120 00 11,000 1,187 3 191 que 1,425 127 84 1,035 84 1 '>0 89
June 30 0 30 120 00 0 0 3 191 0 0 o 00 o 00 o 00
July 31 0 31 120 00 0 0 3,191 0 0 (J 00 o 00 o 00
August 31 0 31 120 ou 0 0 3,191 0 0 U ou o 00 o 00
September 30 0 30 120 00 0 0 3 191 0 () o 00 o 00 o 00
October 31 4 15 120 00 11,000 1, <178 3 191 1,513 1,4L5 ~13 07 1,726 40 251 48
November 30 4 30 120 00 11 000 3,956 3,191 3 027 1 425 4L6 15 3,4..>2 81 502 95
Decembel 31 4 31 120 00 11,000 4 088 3,191 3,128 1 42..> 440 35 3,S67 90 ')19 72-- .. ~- _........... - ---

ElectTlc power sal'lllgs per year, TOTAL, MWhollr
DIfference III Sale/Supply pnces rubleslkWhour

ltrcomesfor d,stTlbllted saved electTlc power per year, TOTAL, b,Ult/n "IIbles
Umt cost of the dnve USDIkW

Total cost of the dnve USD
Current exchange rate roublelUSD

Total pnce of the Dnve bdhon rublLs
Repayment perrod (not consrder",g bankrng ",terest rate 011 loalls), mOllths

3,453 60
393

1 357
270

378,000
5,700

2,1546
20

14 44%

l'agl. 36



b elle'go Pone, Plant No J - CIty 0/b'ano.'o

Tab~e S3-1

AdLUstable Drive EffiCIency EstImatIOns
Object
Pumps
CapaCity, m3/hour
Electnc Dnve Power

Ivanovo TETs-3
SE2500-180
2500
140

19,845.3 92315,92220 199

Vanant ofthe installation ofadJustable electnc dnv<.

It IS assumed that Pumps Without adjustable Pump~With adjustable e1edn<. dllve
electnc drive

Month AmoWltof AmoWltof Amount of Average Total water Consumed Rated flow L1edn<. Waterflow rJectnc Lonsumed rJedn<.
days In the pumps units davsm pressure In flow rate for power With pr~sure power fora m

l
l1lOur power for the electn" power power

month operatIon per thesvstem a group of MWhour In the ~ystem ba~lc dnve adJustabk per month savln~per

month (after the Pump~ m1lhour MWhour eJectllc drive [()TAl month
valve) mw m1!hour MWhour MWhour MWhour
c

January 31 3 31 130 00 8,OuO 3 u4u 3,016 ?,OU4 1,84 I (00 6b 2,684 18 i J5 4 r

February 29 3 29 130 00 8,000 2,841 3,076 1, '149 1,847 J61 91 2,"11 00 332 ')2
March 31 3 31 130 00 tI,IIOO 3,040 3,076 ~ 084 1,817 bUU 66 2 684 18 3 " 4 'J
Apti1 30 3 30 130 00 8 000 ",9L 3, 07(, 1.,016 1,847 f,81 28 2 !:>'l7 J9 313 98
May 31 3 9 130 00 8,000 B8? 3 076 60") 1,817 174 3') 71') 8 10 I 19
June 30 0 30 130 00 n 0 1,076 I) 0 (l OU [) (II) (j 00
July 31 0 31 130 00 0 0 3,076 0 0 I) 00 o 00 (J 00
August 31 0 31 130 00 0 0 3 076 U U o aa I) 00 a 00
t>eptember 30 0 30 130 00 0 0 3,07G 0 0 u ao u 00 o 00
October 31 3 15 110 00 8,000 1 4 11 3, 13 1,001 ) , 4 3 196 fU 1, _04 01 2Gb 71
November 30 3 30 110 00 8,001) /,942 j 273 .!. 014 1,4!:>3 393 66 2,408 14 !:>33 43
December 31 3 31 110 00 8 000 3,040 3,273 2,082 1,453 406 78 2,488 41 J J1 (..1-- .. _- -- --- .... ,.. ...~ 4 .......... ""

l!.lectTIc poner sal'lIIgs peTyear, TOTAL, MWI,ollr
Difference In Sale/Supply pnct..s rubleslkWhour

lI,cotnes/or d,stTlhllted sa.'ed electTlc poneT peT yeaT TOTAL, h,ll'OI'Tlibles
Umt cost of the dnvt.. Uo;;DIkW

Iotal cost ofthe dnve usn
Current exc,hange rate roublelUSD

fotal pnce ot the Dnve bJlhon ruhles
Repayment period (not cons,der",g bQl,klllg ",terest rate on loans), monti,s

2,841 95
393

1 117
270

378,000
5,700

2 1546
24

17 85%

I'dgt.. 17



Il'energo Power Plant No J - CIty ofballot'o

Tab~e 53-2

Ad/ustable Dflve EffiCIency Estlmatrons
Object
Pumps
CapacIty, m3/hour
Eleetnc Dnve Power

Ivanovo TETs-3
SE2500-180
2500
140

19 B453 92315,92220,-519

Variant ofthe mstallatJon ofadlustable electric drIve
It IS assumed that Pumps Without adju~1able Pumps VI rth adju'llable clectnc drive

e1ectnc drtve
Month Amount of Amount of Amount of Average Total water Coosumed Rated flow Elcctr1~ Water flow llectn~ Consumed LI~1nc

days mthe pumps units daysm pressure In flow rate for power wrth pressure power fOI a nhhour power for the electnc power power
month operatton per the system a group of MWhour In thesvstem baSIC drive adjustable pt-TmOllth saVing<. per

month (after the Pump~ m3/hour MWhour electm.. dnve T<HAI month
valve) mw m3/hour MWhour MWhour M\Vhour
c

January 31 3 31 130 00 8 SUO 3,088 3,076 2,084 2,347 767 59 2,8~1 11 236 6J
February 29 3 29 130 00 8,500 L,889 3,076 1,919 2,347 718 07 2,667 17 ::21 38
March 31 3 31 130 00 8,500 3,088 3,076 2,084 2,347 767 59 2,851 11 236 65
Apn1 30 3 30 130 00 8,500 2 988 3,076 2,016 2,347 742 83 2,7<'9 14 229 01
May 31 3 9 130 00 8,500 8% 3,076 605 2,347 2,a 85 8_7 74 68 70
June 30 0 30 130 00 0 0 3 076 0 0 o 00 a 00 o 00
Julv 31 0 31 130 00 0 0 3,076 0 0 o 00 a 00 o OU
August 31 0 31 130 00 0 U 3,076 0 0 o uo o 00 u 00
September 30 0 30 130 uO 0 0 3,076 0 0 o 00 o UO o 00
October 31 3 15 110 00 8,500 1,494 3,273 1,008 2,347 311 42 1 379 J7 114 J1
November 30 3 30 110 00 8 500 L,988 3,273 2,016 2,347 74L 83 2,75'1 11 2 .. 9 01
December 31 3 31 110 00 8,500 3,088 3,273 2,084 2,347 767 59 2,8)1 11 236 65-- _...... .. - --- ......... _- -- _.-

l.lectnc power salmgs per year, TOTAL, MWllour
Dtfference m Sale/Supply poces rubleslkWhour

Incomes for dlstnbuted sal ed electrIC power per year, 10TAL, bllllOll mblef
Umt cost of the dove USDIkW

Total cost of the dIm.. U~D
Current exchange rate roublelUSD

Total pnce of the Dnve billion rubles
Repaymentpenod (not conslderl1lg hank",g ",terest rate on 100IlS), mOllt/1S

1,572 57
393

o 618
270

378,000
5,700

2 1546
42

9 87%

l'<IgL ~R



/leuergo Power Plallt No 1- Oty of/lallolo

Tab~e 53-3

Adlustable Drive Efficleney EstimatIOns
Object
Pumps
CapaCity, m3/hour
Electnc Dnve Power

Ivanovo 1ETs-3
SE2500-J80
2500
140

23,2697,34115,92920,720

V~nantofthe mstallallOn ofadlustable electnc drrve
It IS assumed that Pump~ Without adjUst~ble Pumps wIth adJu~1abl ... electnc dnve

electriC drive
Month Amount of Amount of Amount of Average Total water Consumed Ratcdflow [Jectnc Waterflow llectn... Consumed Hectn...

days mthe pump' umts daysm pressure m flow nte for power wtlh pressure power for a m1lhour power for the deanc power power
month qJeratton per the system a group of MWhour mthe~y<:tem baSIC dnve adjustable per month savmg.. per

month (after the Pumps m1lhour MWhour electriC drIve rOTAl month
valve) mw mJlhour MWhour MWhour MWhour
c

January 31 3 31 130 00 q,ooo 3,118 3,016 L,084 ~,847 960 16 1,043 67 74 15
February 29 3 29 130 00 q,ouO 2,917 i,076 1 949 2,847 898 21 2,847 31 69 56
March 31 3 31 130 00 9,000 3,118 3,076 2,084 2,847 960 16 3,043 67 '4 35
Apn1 30 3 30 130 00 9 000 3,U17 3,076 2,016 2,847 n9 19 2,945 49 71 95
May 31 3 9 130 00 9,000 905 03,076 605 ~, 817 778 76 883 6') d 59
June 30 0 30 130 00 0 0 3, u76 0 0 () 00 o 00 o uO
July 31 0 31 130 00 0 0 3 076 U 0 () 00 I) 00 o 00
August 31 0 31 130 00 0 0 03,076 0 0 o 00 l) 00 o 00
September 30 0 30 130 00 0 0 3,076 0 0 o 00 o UO o 00
October 31 3 15 110 00 9,000 1,J09 3,273 1,008 2,847 464 59 1 472 75 35 98
November 30 3 30 110 00 9,000 3,017 3,273 2,016 2,847 929 19 2,945 49 71 95
December 31 3 31 110 00 9,000 3 118 3,213 2,084 .. ,847 960 16 3,043 67 74 35

... ,.. ..,""'" .. .,. ro ...... .. ~ ... ... ... ... ~,.

ElectTlc power sallllgs per year, TOTAL, MWllOur
DIfference In ';ale/Supplv prIces rubleslkWhour

Incomes for d,stTlbtlted sal'ed electrrc pOll er per year TOTAl, b,lllOII rr,bles
Umt cost of the drIve USDIkW

Total cost of the dnve USD
Current exchange rate roublelUl;)D

fotal pncl. oftht. Dnve bIllIon rublt."
Repayment perrod (not cons,derlllg baukmg ",terest rate til/ 10allS), ",olltl,s

494 08
393

o 194
270

378,000
5,700

2 1546
134

3 10%

Pagt. 19



benergo Power Plant No J - Crt)' of Il'QnOltO

Tab~e 53-4

AdlUstable Drive E(fic,eucy Est,matlons
Object
Pumps
Capacity m3/hour
Electnc Dnve Power

Ivanovo TETs-3
8E2500 180
2500
140

26 0992,20623,89320,786

Vanant ofthe mstallatlon of adlustable electriC dnve
It IS assumed that Pumps Without adjustable Pumps with adjustable ele<.tnc drive

electnc dme
Month Amount of Amount of Amount of Average Total water Consumed Rated flow Flectrlc Waterflow L1ectnc (.onsumed Hedrlc

days mthe pumps units daysm pressure m flow rate for power with pressure power for a m'ihour power for the electriC power power
month operation per the system a group of MWhour mthe S}stern baMc dme adjustable per month savmg, per

month (after the Pumps mlihour MWhour electriC drive lOTN month
valve) mw mlihour MWhour MWhour MWhour
...

January 31 3 31 130 00 9,500 J, 1~8 3,U/6 3,12:' 27U ,,88 49 3,413 76 -~8~ 80
Februarv 29 3 29 130 00 9,500 2,926 3,076 ?,9L4 270 L69 88 3,193 52 -267 36
March 31 3 31 130 00 <1,500 3,128 3 0/6 ',1 ~ ,,70 288 49 3,413 76 285 flU
Apn1 30 3 30 130 00 9,500 3,027 3,076 3,024 270 279 19 3,303 64 -216 ~8

May 31 3 9 110 00 'l,500 908 3,076 907 270 8 j 76 991 09 -fl2 'l7
June 30 0 30 130 00 0 0 1 076 " " o on o 00 o 00
July 31 0 31 130 00 0 I) 1,U/6 " U o 00 l) 00 U OU
Augusl 31 0 31 130 00 0 0 1,U / 6 0 0 o OU o 00 o no
September 30 0 30 130 00 0 u 3 076 U 0 o 00 o 00 o uo
October 31 3 15 110 00 9,500 1 514 3,273 1, ':'12 270 139 59 1,6c.1 82 138 9
November 30 3 30 110 00 9,50U 1,027 j ~ 73 1,024 270 279 19 1,303 64 216 ')fj

December 31 3 31 11 0 00 9 500 3,1~8 1 I j 1, 1 t.. l.j 270 L88 4<1 3 11 1 76 -28<) flU
",,,, ..,ft~ ... n.",,~ -- ..........

ElectTlc power SQl'lng~per year, TOTAL, MWhour
Dillerencc In Sak/Supply pn(,cs ruble!>/kWhour

Incomes/or d,strlbuted saled electric power per year, TOTAL, b,llron rubles
Urnt cost of the dnve USDIkW

Total cost ofthe dnve USD
Currcnt exchange f.lte roublelUSD

Total pnce of the Dnve bllhon rubks
Repayment perIOd (not cons,dermg bal,kmg mterest rate on loans), mont/IS

-1,899 19
393

-0 746
270

378,000
5,700

2 1546
-34

-7 95%

Page 40



Ivenergo Power Plant No J - CIty ofbanot·o

Tab~e S3-5

AdJustable Drive Efficleney Emmattons
Object
Pumps
Capacity m3/hour
Electnc Dnve Power

Ivanovo TETs-3
SE2500-J80
2500
140

26,5192-62623,89326369

Vanant ofthe mst,llatlon of adJustable electnc dnve
It IS assumed that Pumps wIthout adJu<;table Pumps wtth adjustable electn.. dm e

e1ectn.. dnve
l~onth Amount of Amount of Amount of Average Total water Consumed Rated flow L1ectnc Water now L1cctnc (onsumed I lectn..

days mthe pumps umts daysm pressure m flow rate for power WIth pressure power for a mJlhour power for the electrIC power power
month operatIon per the system a group of MWhour mthe system basIc dnve adjustable pcrmonth savmgsper

month (after the Pumps mJlhour MWhour electnc dnve rOTAl month
valve) mw mJlhour MWhour MWhour MWhour
c

January 31 4 31 130 00 10,000 3,968 3,076 3,125 771 343 4!j 3,468 72 499 48
February 29 4 29 130 00 10,000 3,712 3,076 2,924 771 321 29 3,244 q3 467 ~!j

March 31 4 31 130 00 10 000 3,968 3,076 3,125 771 343 45 3,468 72 499 48
April 30 4 30 130 00 10,000 3 840 3,076 3,024 771 332 37 3,356 83 483 37
May 31 4 9 130 00 10,000 1 152 3 076 907 771 g9 71 1 007 05 145 01
June 30 0 30 130 00 0 0 3,076 0 0 (] 00 o 00 o 00
July 31 0 31 130 00 0 u 3,076 0 0 o 00 o 00 o 00
August 31 0 31 130 00 0 0 3 076 0 0 o 00 o 00 o 00
September 30 0 30 130 00 0 II 3,0/6 u 0 o 00 o 00 U flU

October 31 4 15 110 00 10,000 1,91.0 3,2 73 1,512 771 166 18 1,6113 41 141 be
November 30 4 30 110 uO 10,000 3,840 3,273 3 024 771 332 37 3,3.;6 83 483 37
December 31 4 31 110 00 10,000 3,968 3,273 3,125 771 343 45 3,468 11. 4 gg 48

,,~ ~~"' rli ",.1- """1'0 ......

ElectriC power sam'gs per year, TOTAl, MWhOlrr
Dtfference In Sale/Supply pnces rubleslkWhour

Incomes for drstrlb"ted saved electric power per year, TOTAL, b,ll,on r"bles
Umt cost of the dnve USDIkW

Total cost of the dnve USD
Current e"change rate roublelUSD

Total pnce of the Dnve billIon rubho's
Repayment period (not cons,dermg bankmg ",terest rate on loans), months

3,319 12
393

1 304
270

378,000
5,700

2 1546
20

13 89%

1\lgl- .. 1



Ivellergo Power PlaI,t No 3 - C,ty 0/b anOl'O

Tab~e 53-6

Ad/ustable Drive Efficrency Estrmatrons
Object
Pumps
CapaCity, m%our
ElectrIC DrIve Power

lvanovo TETs-3
SE2500-J80
2500
140

27,2923,38923,89326,803

Vanant ofthe installatIOn of adlusuble electnc dnve

It IS assumed that Pumps WIthout adju<;table Pumps with adjustable e1ectnc dn\ e
electrIC dnve

Month Amount of Amount of Amount of Average Total water Consumed Rated flow E1ectn~ Waterflow Flectrlc Consumed E1ectn~

days mthe pumps Units daysm pressure m flow rate for power WIth pressure power for a mJlhour power for the electnc power power
month operation per thesy<;tem a group of MWhour m the ~ystem 'baSIC dnve adju<;tablc permonlh ~avml!:'per

month (after the Pumps mJlhour MWhour electriC dnve TOTAL month
valve) mw mJlhour MWhour MWhour MWhour
C

January 31 4 31 130 00 10,500 <I 033 3,0/6 3,125 1,271 443 25 1,568 52 464 94
February 29 4 29 130 00 10,500 3,773 30n 2,Q2<1 1,271 414 65 3,338 29 434 94
March 31 4 31 130 00 10,500 4,033 3 076 3,125 1,271 443 ,,') 3,568 52 464 94
Apnl 30 4 30 130 00 10,50U 3,903 3 076 3,024 1,271 428 95 3,453 41 449 94
May 31 4 9 130 00 10,500 1,171 3,076 907 1,271 128 68 1,036 Q" 134 98
June 30 0 30 130 00 0 0 3,076 0 0 o 00 o 00 o 00
July 31 0 31 130 00 0 0 3,076 0 0 o 00 o 00 o 00
Auqust 31 0 31 130 00 0 0 3,076 0 0 o 00 o 00 o 00
September 30 0 30 130 00 0 0 3,076 0 0 o 00 o 00 o 00
October 31 4 15 110 00 10,500 1,952 3,273 1,512 1 271 214 47 1,726 70 224 97
November 30 4 30 110 00 10,500 3 903 3,L73 3,024 1,271 4L8 95 3,453 41 449 94
December 31 4 31 110 00 10,500 4,033 3,273 l,125 1,271 443 25 3,'j68 ~~ 464 Q4

....... ,.,,-- ....... I'lo ...... ..... --- ... - ---

ElectriC power sam'gs per year, TOTAL, MWho"r
Difference III Sale/Supply pnces rubleslkWhour

Incomes/or d,strlbllted sal'ed electriC pOKer peryear, TOTAL, btlboll r"bles
Umt cost of the dnve USDIkW

Total cost of the dnve USD
Current exchange rate roublclUSD

Total pnce of the Dnvt. bJlhon ruhles
Repayment period (II0t cOlls,derlllg ba"kmg ",terest rate on 10allf), montI,s

3,089 58
393

1 214
270

378,000
5,700

2 1546
22

12 93%

l'dgt. 42



llelfergo Power Ph",t No J - CIty ofll'alfolo

Tab~e 53-7

Adlustahle DrIVe EffiCIency Estlmahons
Object
Pumps
CapaCIty m3/hour
Electnc Dnve Power

]vanovo TETs-3
SE2500-180
2500
140

28,3074 41423,89327 163

Vanant orthe mstallabon oradlu.1abl" ...Jednc dnvl..
It IS a.sumed that Pumps wllhout adJu~1abl" Pump. wllh adJust~ble electn" drive

electnc dnve
Month Amount of Amount of Amount of Average lotal water Consumed Rated flow nlldnc Waterllow f1ednc <-onsumed I ledn...

days In the pumps umts days m pres.ure m flow rate for po"er WIth pressure power fora m'lhour power for th" electriC power power
month operabon per the system a group of MWhour In the .\slern, baSIC drl\e adjustable per month savingi' per

month (after the Pumps m'lhour M\Vhour ele..1rrl.. drive roJAI> month
valve) mw m'lhour MWhour MWhour MWhour
C

January 31 4 31 UO 00 11, uOO 4,088 3,076 3,125 1,770 577 31 3,702 58 385 U3
E'ebruary 29 4 29 130 00 11 000 3,824 3 016 t-,<)24 1 7/u 540 06 3,4 G; /0 360 19
March 31 4 31 130 Ou 11, UOO 4,088 3,076 3,L!J 1,170 ..;17 31 3,102 58 385 03
April 30 4 30 130 00 11,000 3,956 3,0/6 3,Od 1,71 0 558 68 3,583 14 372 61
May 31 4 9 130 00 11,000 1,187 3,076 9u7 1,770 167 61 1,074 94 111 78
June 30 0 30 130 00 0 0 3,n76 0 0 o 00 o 00 o 011
July 31 0 31 130 00 0 0 3 076 0 n o 00 o 00 o 00
Auyust 31 0 31 110 00 0 IJ 1,016 U 0 (] 00 o 00 () 00
September 30 0 30 130 00 0 0 3,076 0 0 o 00 o UO o 00
October 31 4 15 110 00 11,000 1,978 3 273 1 512 1,770 279 34 1,791 57 186 31
November 30 4 30 110 00 11 000 3 9">6 3, ~73 3,021 1,770 ..;58 68 3,583 14 372 61
December 31 4 31 110 00 11,000 4,088 3,2.73 3,125 1,710 577 31 3,702 ..;8 385 03-- .. _- . ... -- ---

Electrrc power sa~''''gsperyear, TOTAL, MWllOur
Difference ill Sale/Supply prIces rubles!kWhom

Incomesfor dlstrrhuted sUled electrrc prrner per year, rOTH, bll/toll r"hles
Umt lOst of tht.. drIve USD!kW

1alaI cost of tht.. dnvl.. usn
Current exchange rate roublelUSD

Total prIce of the Dnve billion rubles
Repayment perrod (not cOlfsldermg banktllg tIIterest rute 011 loalls), mOlft/ls

2,558 62
393

1 006
270

378,000
5,700

2 1546
26

10 71%

I' 19l.. 41



l1'energo Power Plallt No 3 - CIty of/t'atI0l'0

1993
Ad/Ustable nnve Effic,ency Esttmatlons
Object
Pumps
CapaCity, m3lhour
Electnc Dnve Power
Analyzed year

Ivanovo TETs-3
PE500-/80
500
400
1993

69,529TOTAL

It IS assumed that For DumDs 0 lCTatmg m the amount of
Month Amount of Amount of Amountot umts Avemge Average Pressure Actual Estimated Water flow Power Lonsumed

days In the pumps days In pressure In pressure In loss at the waterflow water flow rate for a of a totally pl"r
sJ.ndle

month units operatIon after the system valve aUn rate for a rate for a smgle pump, month MWhOl
per month valves (after the group of group of Pump MW

atm valve) atm Pumps Pumps m3lhour
m3lhour m3lhour

January 31 3 31 3 197 40 176 00 21 40 1,147 1,147 382 2 98 6,652 59
February 29 3 29 3 192 50 176 00 16 50 1,318 1,318 439 3 21 6,696 78
March 31 3 31 3 193 80 176 00 17 80 1,279 1,276 425 3 15 7,035 80
Apn1 30 3 30 3 200 50 176 00 24 50 1,012 1,018 339 2 81 6,069 55
May 31 2 31 2 195 70 176 00 19 70 805 807 404 3 07 4,560 96
June 30 2 30 2 197 40 176 00 21 40 763 765 382 2 98 4,291 99
July 31 2 31 2 201 40 176 00 25 40 655 652 326 2 76 4,101 69
August 31 2 31 2 192 00 176 00 16 00 893 889 444 3 23 4,802 44
Septembe 30 2 30 2 189 70 176 00 13 70 937 932 466 3 31 4,771 05
r
October 31 3 31 3 196 40 176 00 20 40 1,189 1,185 395 3 03 6,765 39
November 30 3 30 3 192 00 176 00 16 00 1,331 1,333 444 3 23 6,971 29
December 31 3 31 3 196 00 176 00 20 00 1,205 1,200 400 3 05 6,809 14...._......-

I'dgl- H



h'energo Power Pla"t No j - C,ty ofbanovo

1993

65,(Hi!17,835TOTAL36647,226TOTAL

Vanant of the mstallatIon ofadJustable electnc dnve
Pumns Without adlustable electnc dnve Pumps wIth adJUstable electnc dnve
Rated now Amount of (Amount of Po\\er ofa Electnc Water now Generated (Amount ot IleLtnc fkctnc Consumed Consumt..d
With operatmg daysm smglepump power m3/hour head atm daysm power for power electnc electnc
pressure m pumps operation MW consumed operatIOn the wnsumed power per powerpLr a
the system per month) per the per month) adJustablt.. per the month smglednve
m3/hour dnve MW electnc dnve MW TOTAL Whour

hour dnve hour MWhour
MWhour

534 2 31 3 58 5,333 79 176 00 31 1 43 1,060 83 6,394 23 258 36
534 2 29 3 58 4,989 250 176 00 29 2 00 1,393 50 6,382 81 313 96
534 2 31 3 58 5,333 208 176 00 31 1 84 1,371 91 6,705 31 330 49
534 1 30 3 58 2,581 484 176 00 30 3 22 2,321 23 4,901 91 1,167 64
534 1 31 3 58 2,667 273 176 00 31 2 10 1,560 49 4,227 19 333 77
534 1 30 3 58 2,581 231 176 00 30 1 93 1,387 58 3,968 26 323 73
534 1 31 3 58 2,667 118 176 00 31 1 54 1,147 2_ 3,813 98 287 71

8
534 1 31 3 58 2,667 355 176 00 31 2 47 1,838 93 4,505 63 296 81
534 1 30 3 58 2,581 398 176 00 30 2 70 1,942 92 4,523 60 247 44
534 2 31 3 58 5,333 117 176 00 31 1 54 1,144 97 6,478 37 287 02
534 2 30 3 58 5,161 265 176 00 30 2 06 1,485 91 6,647 27 324 02
534 2 31 3 58 5,333 132 176 00 31 1 58 1,179 09 6,512 49 296 65

...-._-- --- ....-. --

Electric power vaw,gs per year, TOTAL, MWllOur
DJfTerence m Sale/Supply pnces rubleslkWhour

Incomesfor d,strlbllted saud electTlc power per year, TOTAL, b,UIOII rllblev
Umt cost of the dnve USDIkW

Total cost of tile dnve USD
Current exchan~e rate roublelUSD

Total pnce of the Dnve bllhon rubles
Repaymellt peTlod (not cons,derlllg ballklllg ",terest rate Oil loans), montI,s

4,467 62
393

1 756
270

1,080,000
5,700
6 156

43

6 43%

Page -l'i



benergo Power Pla"t No J - Crtv ofbanOlO

1994

Ad/ustable DrIVe Ef/ic,ener Est,matrons
Object
Pumps
Capacity m3/hour
Electnc Dnve Power
Analyzed year

Ivanovo TETs-3
PE500-J80
500
400
1994

58,440TOTAL

It IS assumed that For DumDS 0 "ratml!. In the amoWlt of
Month AmoWltof AmoWltof AmoWltof WlltS Average Averagl. Pressure Actual Estimated Water flow Power Consumed

days III the pumps days In pressure III pressure Ifi loss at the \\ater flow water flow rate for a of a totally per
slndle

month WlltS operation after the system valve atm ratl. for a rate for a Single pump, month
per month valves (after the group of group of Pump MW Mwhour

atm valve) atm Pumps Pumps mJ/hour
m3/hour mJ/hour

January 31 3 31 3 193 40 176 00 17 40 1,293 1,289 430 3 17 7,074 47
Februar 29 3 29 3 189 80 176 00 13 80 1,396 1,395 465 3 31 6,910 73
Y
March 31 3 31 3 199 50 176 00 23 50 1,061 1,061 354 2 87 6,399 81
Apnl 30 2 30 2 191 00 176 00 15 00 905 908 454 3 27 4,703 28
May 31 2 31 2 198 50 176 00 22 50 737 735 368 2 92 4,348 58
June 30 2 30 2 198 50 176 00 22 50 733 735 368 2 92 4,208 30
July 31 1 31 1 204 00 176 00 28 00 439 285 285 2 59 1,928 53
August 31 1 31 1 200 00 176 00 24 00 350 347 347 2 84 2,112 15
Septemb 30 2 30 2 205 40 176 00 29 40 524 522 261 2 50 3,596 34
er
October 31 2 31 2 200 00 176 00 24 00 692 693 347 2 84 4,224 30
Novembe 30 3 30 3 199 80 176 00 23 80 1,050 1,049 350 2 85 6,156 72
r
Decernbe 31 3 31 3 196 30 176 00 20 30 1,189 1,189 396 3 04 6,776 40
r

- --

Page 46



b energo Power Plant No J - CIty ofIt0110\'0

1994

52; 351)20,958TOTAL366

Vanant of the installatIOn ofadJUstable electnc dnve
Pumos WIthOut adJUstable electnc dove Pumos WIth adlUstable electnc dnve
Rated flow Amount of (Amount of Powerofa Electnc Water flow Generated (Amount of Flectnc I:lectnc Consumed Consumed
WIth operatIng daysm smglepump power m3/hour head atm da}sm power for power electric electric
pressure m pumps operation MW consumed operation thl. consumcd power per power per a
the system per month) per the per month) adjustable per the month smglednve
m3/hour dnve MW electnc dnve MW T01AI Whour

hour dnve hour MWhour
MWhour

534 2 31 3 58 5,333 221 176 00 31 1 89 1,407 86 6,747 26 333 21
534 2 29 3 58 4,989 327 176 00 29 2 34 1,626 74 6,616 05 294 68
534 1 31 3 58 2,667 528 176 00 31 3 53 2,622 93 5,289 63 1110 18
534 1 30 3 58 2,581 374 176 00 30 2 57 1,851 40 4,432 08 271 20
534 1 31 3 58 2,667 201 176 00 31 1 82 1,353 22 4,019 92 328 66
534 1 30 3 58 2,581 201 176 00 30 1 82 1,309 57 3,890 25 318 06
534 0 31 3 58 0 285 176 00 31 2 15 1,597 03 1,597 03 331 50
534 0 31 3 58 0 347 176 00 31 2 43 1,809 46 1,809 46 302 69
534 0 30 3 58 0 522 176 00 30 3 48 2,508 51 2,508 51 1,087 83
534 1 31 3 58 2,667 159 176 00 31 1 67 1,245 45 3,912 15 312 15
534 1 30 3 58 2,581 515 176 00 30 3 43 2,174 98 5,052 65 1,104 06
534 2 31 3 58 5,333 121 176 00 31 1 55 1,153 47 6, 1!l~ 87 289 53--- - -

ElectriC power sam'gs per year, TOTAl, lI/Whour
Dlfferl.n<.e In Sale/Supply pnces mblc..!JkWhour

Incomes for dlstrlb"ted so, ed electTlC power per year, TOTAL, billIOn ",hies
Umt cost of the dnve USDIkW

Totdl cost of the dnve U~D

Current cx<.hangl. rate roublc..IUSD
lotal pnce of the Dnve bIllIon rubles

Repayment period (not cOI/f,dermg banklllg mterest rate on loans), months

6,083 75
393

2 391
270

1,080,000
5,700
6 156

31

10 41%

I'agl. 47



Ivenergo Power Pla"t No J - CIty ofll'anOl'O

1995

AdlUstable DTlVe Ef/ic,enC!! Estrmatrons
Object
Pumps
CapacIty, m3/hour
Eleetnc Dove Power
Analyzed year

Ivanovo TETs-3
PE500-J80
500
400
1995

45,209TOTAL

It IS assumed that "or DumDS 0 leratme. m the amount of
Month Amount of Amount of Amount of unItS Average Average Pressure Actual Lstlmated Water flow Power Consumed

days mthe pumps daysm pressure In pressure In loss at the water flow water flow rate for a of a totally per
31ndle

month unIts operatIon after the system val\c atm rate for a rate for a smgle pump, month
per month valves (after the group of group of Pump MW M\\hour

atm valve) atm Pumps Pumps m3/hour
m3/hour m3/hour

January 31 3 31 3 198 00 176 00 22 00 1,123 1,123 374 2 95 6,582 57
Februar 29 2 29 2 190 60 176 00 14 60 913 916 458 3 28 4,567 21
Y
March 31 2 31 2 193 00 176 00 17 00 870 868 434 3 19 4,741 57
Aprll 30 2 30 2 202 00 176 00 26 00 630 634 317 272 3,916 64
May 31 1 31 1 199 60 176 00 23 60 350 352 352 2 86 2,129 08
June 30 1 30 1 201 00 176 00 25 00 331 332 332 2 78 2,001 96
July 31 1 31 1 205 00 176 00 29 00 266 268 268 2 52 1,878 56
August 31 1 31 1 202 00 176 00 26 00 317 317 317 2 72 2,023 60
Septemb 30 1 30 1 200 00 176 00 24 00 348 347 347 2 84 2,044 02
er
October 31 2 31 2 201 80 176 00 25 80 643 640 320 2 73 4,065 49
Novembe 30 2 30 2 191 50 176 00 15 50 899 899 449 3 25 4,675 80
r
Decembe 31 3 31 3 198 00 176 00 22 00 1,123 1,123 374 2 95 6,582 57
r
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1Jenergll Pmver Plollt Ntl J - Lily ofb OIIOl'O

1995

41,79418,138TOTAL36623,656TOTAL

VarIant of the mstallatlOn ofadlUstable electnc dnve
Pmnns WIthout adlustable electnc dnve Pumns WIth adlUstable electnc dove
Rated flow Amount of (Amount of Powerofa Electric Water flow Generated (Amount of Llectnc ElectrIc Consumed Consumed
WIth operatmg daysm smglepump power m3/hour head atm daysm power for power electnc electrIc
pressure m pumps operatJon MW consmned operatIOn the consmned power per power per a
the system per month) per the per month) adjustable per the month smgle dnve
m3/hour dnve MW de(.,tnc dnVl. MW TOTAl W hour

hour dnve hour MWhour
MWhour

534 2 31 3 58 5333 55 176 00 31 1 36 1011 04 6344 45 238 12
534 1 29 3 58 2495 382 176 00 29 2 61 1817 15 4311 81 255 40
534 1 31 3 58 2667 334 176 00 31 2 37 1763 95 4430 65 310 92
534 1 30 3 58 2581 100 176 00 30 1 49 1070 24 3650 91 265 73
534 0 31 3 58 0 352 176 00 31 2 46 1830 55 1830 55 298 52
534 0 30 3 58 0 332 176 00 30 2 36 1699 86 1699 86 302 10
534 a 31 3 58 0 268 176 00 31 2 08 1544 05 1544 05 334 51
534 0 31 3 58 0 317 176 00 31 2 29 1703 38 1703 38 320 22
534 0 30 3 58 0 347 176 00 30 2 43 1751 09 1751 09 292 92
534 1 31 3 58 2667 106 176 00 31 1 50 1119 66 3786 36 279 13
534 1 30 3 58 2581 365 176 00 30 2 52 1815 62 4396 30 279 49
534 2 31 3 58 5333 55 176 00 31 1 36 1011 04 6344 45 238 12

.....-..._- --- ------

ElectrIc power Sal'lngs peryear, TOTAL, MWI,our
DIfference m Sale/Supply pnces rubleslkWhour

Incomesfor distributed saled electric power peryear, TOTAL, brlholl rubles
Umt cost of the dnve USDIkW

Total cost of the dnve USD
Current exchange rate roublelUSD

lotal pnce of the Dnve bIllion rubles
Repayment perrod (not cOllslderlllg banklllg IIIterest rate 011 IOI/IIS), 1II001tltS

3,415 19
393

1 342
270

1,080,000
5,700
6 156

56

7 55%

I' Igl. 49



lunergo Power Pla"t No J - Ctty of /tal/OlO

1996

Ad/ustable Drive EfficIency Estrmatrons
Object
Pumps
CapacIty, m3/hour
Electnc Dnve Power
Analyzed year

Ivanovo TETs-3
PE500-J80
500
400
1995

50,233TOTAL

It IS assumed that For numns 0 teratmg m the amount of
Month Amount of Amount of Amount of umts Average Average Pressure Actual Lstlmated Watt..r flow Power Consumt..d

days m the pumps daysm pressure In pressure In loss at the water flow water flow rate for a of a totally per
s~ndle

month units operation after the system valve atm rate lor a rate for a smgle pump, month
per month valves (after the group of group of Pump MW Mwhour

atJn valve) atm Pumps Pumps m3/hour
m3/hour m3/hour

January 31 3 31 3 196 70 176 00 20 70 1,178 1,174 391 3 02 6,732 06
February 29 3 29 3 196 36 176 00 20 36 1,188 1,186 395 3 03 6,332 87
March 31 2 31 2 189 00 176 00 13 00 947 944 472 3 34 4,965 51
Apnl 30 2 30 2 199 00 176 00 23 00 727 722 361 2 90 4,169 00
May 31 1 31 1 199 00 176 00 23 00 362 361 361 2 90 2,153 98
June 30 1 30 1 189 90 176 00 13 90 366 464 464 3 31 2,380 48
July 31 1 31 1 199 80 176 00 23 80 352 350 350 2 85 2,120 65
August 31 1 31 1 204 00 176 00 28 00 283 285 285 2 59 1,928 53
Septembe 30 1 30 1 198 00 176 00 22 00 378 374 374 2 95 2,123 41
r
October 31 2 31 2 191 50 176 00 15 50 898 899 449 3 25 4,831 66
November 30 3 30 3 200 20 176 00 24 20 1,033 1,031 344 2 83 6,107 19
December 31 3 31 3 199 60 176 00 23 60 1,054 1,057 352 2 86 6,387 24
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betrergo Power Plallt No j - Crty o/Iw",ovo

1996

45~22921-,145TOTAL3662~a4TOTAL

Vanant of the installation ofadlustable electnc dnve
Pumns Without adJUstable electnc dnve Pumns With adJUstable electnc dnve
Rated flow Amount of (Amount of Powerofa Electnc Water flow Generated (Amount of rIectnc Electnc Consumed Consumed
With operatmg daysm smglepump power m3lhour head atm days In power for power electnc electnc
pressure In pumps operatIOn MW consumed operatIOn thl. consumed power per power per a
the system per month) per the per month) adjustable per the month smglcdnve
m3lhour dnve MW electriC dnve MW TOTAL Whour

hour dnve hour MWhour
MWhour

534 2 31 3 58 5,333 106 176 00 31 1 50 1,119 56 6,452 96 279 10
534 2 29 3 58 4,989 118 176 00 29 1 54 1,074 15 6,063 46 269 41
534 1 31 3 58 2,667 410 176 00 31 2 77 2,057 45 4,724 15 241 36
534 1 30 3 58 2,581 188 176 00 30 1 77 1,274 52 3,855 20 313 80
534 0 31 3 58 0 361 176 00 31 2 50 1,862 07 1,862 07 291 91
534 0 30 3 58 0 464 176 00 30 3 09 2,226 59 2,226 59 153 89
534 0 31 3 58 0 350 176 00 31 2 45 1,820 02 1,820 02 300 63
534 0 31 3 58 0 285 176 00 31 2 15 1,597 03 1,597 03 331 50
534 0 30 3 58 0 374 176 00 30 2 57 1,852 46 1,852 46 270 95
534 1 31 3 58 2,667 365 176 00 31 2 52 1,876 15 4,542 85 288 81
534 1 30 3 58 2,581 497 176 00 30 3 31 2,385 13 4,965 80 1,141 39
534 1 31 3 58 2,667 523 176 00 31 3 49 2,599 96 5,266 66 1,120 57

---- --- -

Electrrc power savmgs per year, TOTAL, MJVhour
Difference In Sale/Supply pnccs rubleslkWhour

Incomes/or d,strrb'l1ed saved electrrc power per year, TOTAL, b,Uwn rubles
Umt cost of the dnve USDIkW

Total cost of the dnve USD
Current exchanf!,e rate roublelUSD

lotal pnce of the Dnve btlhon rubles
Repayment perrod (llot cotrs,dermg bUllkmg mterest rate Oil 10Ul's) IIwllths

5,003 33
393

1 966
270

1,080,000
5,700
6 156

38
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