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OAO 'Permmoloko"

1 Executive Summary

ThIS report shows the results of an energy audIt of the Perm mtegrated mIlk works' Permmoloko"
completed m March-AprIl, 1998 The Job was undertaken m close cooperatIOn with the enterpnse
power servIce and Its staff We greatly apprecIate assistance of the personnel of the lab of power
savmg of AO Permenergo and of the technIcal lab of Permgosenergonadzor

In order to demonstrate the general breakdo\'"n of power consumptIOn at the enterpnse, the
DIagram 1 I was generated showmg a quantltatl\' e evaluatIOn of the use of varIOUS utIlities m power
eqUivalent UnIts The figures of power consumptIOn for 1997 wele assumed as a basIS It follows from
the DIagram that the "Permmoloko" enterprIse u~es only two types of power resources, namely
natural gas and electrIC power Natural gas accounb herewIth, for the mam share It IS explamed by
the fact that the enterprIse has ItS own boIler plant that fully covers the needs of both the enterpnse
and some outsIde customers for heat power

Diagram 11 Breakdo\\n of power consumptIOn

ElectrIC power - 11%

Natural gas - 89%

BeSides the breakdown of power consumptIOn It IS essentIal to k.now the breakdown of payments for
power resources (shown on DIagram 1 2) Natural gas IS a relatJ\ ely cheap power source and It
accounts for less than 25% of total payments The mam portIOn of payments accounts for water
supply mcludmg water consumptIon and water dramage
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DIagram 1 2 Breakdown of payments for power resources

Natural gas - 25% Electric power - 30%

Water-45%

The results of energy audIt show that the followmg energv-sav mg measures wIth repayment term of
up to 2 years can be recommended
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Table 1 Energy-savmg measures

No Project Powersavmg Project cost, Payback
tIme,

GJ Rb($US) Rbles months
Low cost and no-cost pro/eets
1 PIpelInes msulatIOn m bOilIng houses 2,7288 20,590 1,936 2

(3,375) (317)
2 InstallatIOn of automatIc eqUIpment at 8,9299 673769 3,000 1

water bOilIng house (11,045) (492)
3 Steam pIpelInes msulatIOn Improvement 4,451 6 33,588 9,274 4

(5,506) (1,520)
4 Return CIrculatIOn for coolmg ammoma -- 62,456 17,660 4

compressors m wmter wIth pump (10,239) (2,895)
replacement

5 Return CIrculatIOn of air compressors -- 38,000 25,000 9
coolmg water (6230) (4,098)

6 InstallatIOn of accumulatmg tank m a 9,219 71,400 30,000 5
hot water supply system (11,704) (4,900)

7 ReductIOn of air suctIOn at boIlers 8,853 6 66,800 30,000 6
(10,951) (4,918)

8 Feed pump replacement 473 34,650 30,500 11
(5,680) (5,000)

.Medlum cost Pi o/eets
9 UtIlIzatIOn of de-aerator evaporatIOn heat 16,526 124,400 40,000 4

(20,400) (6,500)
HI h cost proJects
1 Re-use utIlIzatIOn of water from process -- 420,000 76,000 3
0 umts (68,600) (12,459)
1 ApplIcatIon of catIOmte Ku-2-8 mstead of -- 157,900 136,200 11
1 sulphonated coal (25,892) (22,328)
1 SWItchmg of heatmg system from steam 15,002 113,188 200,000 22
2 to water (18,555) (32,780)
1 Coolmg system reconstructIOn -- -- -- --
3
Total 59,042 1,210,349 599,570 6

(198,418) (98,290)

The total value shows the aggregate effect of ImplementatIOn of all measures takmg to the account
theIr mter-reiation

ImplementatIOn of the proposed measures WIll result m 28% savmg of total power consumptIOn and a
reductIon of payments for power resources and water by 19% It should be noted, that the above lIst
of programs mcludes no mformatIOn on the coolIng system reconstructIOn project that WIll result m
substantial reductIOn of electnc power consumption Thus, the enterpnse possesses conSIderable
power resources to be saved
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2 Introduction

The energy audIt has been earned out by a team of the engmeers of the East-West Energy Agency,
the CIty of Moscow, wIthm the framework of the "IntroductIOn of Energy-Savmg TechnologIes and
Conduct of Market Reforms for RUSSIa" project (Contract No CCN-C-OO-152-00) The purpose of
the audIt was 1) to analyze the use of energy resources and theIr costs, 2) to IdentIfy the pomts of
wasteful energy use, and 3) to determme a set of energy-savmg measures at the enterprIse

In the course of a VISIt to the enterprIse, ample mformatIOn on power and productIOn process
eqUIpment, eqUIpment operatIOn modes, the workmg order of power dlstnbutiOn systems, etc was
obtamed The mformatlon has been systematIcally arranged and presented m thIS report

The figures have been gathered both through direct measurements, e g eqUIpment capacIties of
electrIC power consummg eqUIpment, and through estImates based on project and normative
documentatIOn as well as on mformatIOn supplIed by staff Direct measurements were undertaken
through up-to-date portable eqUIpment of Western compaOles The figures collected have been
analyzed with the use of spreadsheets provldmg for fast processmg and good readabilIty ofthe results
obtamed
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3. DescriptIon of the Enterprise, Its BasIc EqUIpment and Power
ConsumptIOn

3 1 General descrIptIOn ofthe enterprIse

The OAO 'Permmoloko" enterprise IS located m the City of Perm and IS one of major factories that
supplies the City and regIOn wIth mIlk and dairy products

Wlthm the OAO "Permmoloko", apart from the mam factory, there are two affilIated factories,
namely the Verkhnemulmsky milk factory and the VKhP "Zakamskoe" located m other parts of the
City The mam factory and affilIated ones are mdependently supplied wIth power ThIS IS why thIS
report considers the OAO "Permmoloko" headquarters factol) only

At present, the enterprise employs 687 persons

As feedstock, the enterprise uses milk from the surroundmg farms, various mgredlents, and
substandard cheese used m spread cheese productIOn The enterprISe has close ties with a number of
raw mIlk supplIers, It even places ItS eqUipment on the supplIers' sites m order to secure hIgh-quality
feedstock Should milk be supplied cooled down to goC to the enterprise, the supplIer receIves a 5%
mcrease to the mIlk price

The enterprise has several productIOn lines, 1 e productIOn of skimmed and fat mIlk, dietary foods
(sour cream, cottage cheese, sour mIlk, etc ), Ice cream, sausage cheese, and spread cheese Butter
and baby food are produced by the affiliated factories only

The list and amounts of products produced by the factory m 1997 by months are shown m
AppendIx 1

The changes of productIOn and the changes of average staff over 1994-1997 are shown

Table 3 1 General mformatlOn on the enterprise

No Item Ul11ts 1994 1995 1996 1997

I Mam productIOn tons* 52,539 38,318 37,031 36,953

2 AddItIOnal productIon tons 1,920 1,022 815 519
3 Cash value of the productIOn Rbi '000 23,006 67,872 100,971 112,897

4 Average staff persons 540 577 606 687

* The totals of the products are shown m terms of whole-milk processed

From the table, It IS eVident that the mam productIOn dropped by 30% m 1997 as compared WIth
1994 It IS pnmanly due to a hIgher competitIOn on the milk product sales market m recent years The
major competItors m the regiOn are the mIlk factory ofBashkma, Udmurtla, and Tatarstan whose
productiOn cost IS lower as a result of subventiOns on the part of local admmistratiOns The regIOn
supplIers also dIspatch raw mIlk directly to CIty enterpnses whIch reduced the sales market of mIlk
produced by the OAO "Permmo1oko" by 60% (as estimated by the marketmg servIce)

At present, packed products of the factory account for 40 to 50% of the market share of the CIty of
Perm while dietary foods (kefir, yogurt, stewed sour mIlk (ryazhenka), etc) for 90%
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In 1997, an effiCIent staff management technology ("ArtIficial management mtellect") IS mtroduced
whIch rendered It possIble to mcrease the level of executIOn dlsclplme and responsIbilIty of the works
staff

In the costs of the products produced, the costs of fuel and pOVver resources and water accounted for
5 6% of the productIon costs ThIs mcludes

electnc power for 1 7%,
fuel (natural gas) for 1 8%, and
water (consumptIon and dIscharges) for 2 1%

3 2 General deSCriptIOn ofthe productIOn

321 DescrzptlOn ofthe workshops ofthefactory

The area of the enterpnse totals 66,225 5 m2 The layout of the enterpnse IS shown at FIgure 3 2 1
that IdentIfies the locatIOn of malO workshops and of stand-alone bUIldmgs (boIler plant, pump house,
etc)

Figure 3 2 1 Layout of enterprise
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IPump hous1
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Packagmg

Cheese spread workshop workshop
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Compressor/ Iceberg Ice

hOI1er~ ~Ir compressor plant
plant I xx cream

M3a workshop plant
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The malO process eqUIpment IS located 10 a one-story bUlldmg of the factory constructed m 1967

Table 32 1 shows the operatIOn modes of productIOn workshops of the works The power facll1tles
are operatIOnal 24 hours a day
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Table 3 2 1 OperatIOn modes of the mam productIon hnes

0 Name of workshop OperatIon hours
1 Packagmg workshop 0800 to 20 00
2 Fl1lmg workshop 0800 to 24 00
3 Feedstock acceptance and apparatus workshop 0800 to 24 00
4 FmIshed products workshop 2300 to 20 00
5 Sour cream/cottage-cheese workshop 0800 to 24 00
6 Spread cheese workshop 0800 to 1700
7 ' Iceberg" Ice cream productiOn workshop 0800 to 1700

3 2 2 Power eqlllpment

ElectrIc power equzpment

The enterpnse IS supplIed with electnc power by the "Bakharevka" tractIOn substatIOn via two
feeders of 10 kV (one bemg a standby) Due to frequent blackouts at the factory, which were caused
by a poor workmg order of the power cable at a length from the' Bakharevka" substatIOn to the
facton mput, a new cable was mstalled and ended the blackouts CommerCial power meters of actIve
(of a SAZU-I670M type) and reactIve (of a SR4U-I670M type) power consumed by the factory are
mstalled at the tractIOn substatIOn Slml1ar pOVver meters are mstalled at each feeder mputs of the
facto!) m the room of transformer substatIon No 1 (TP1) The electnc power supplIed to sub­
consumer enterpnses (wmery and shops) IS accounted for by the power meters mstalled In the course
of the energy audit, the total power was supplIed to the works from the first feeder There IS no
mternal accountmg for the electnc power dlstnbutlOn because there IS no power meters

The works have two transformer substatIons (of 10/0 4 kV) TP1 and TP2 The TP1 has two
transformers TP-1000 and a TP-630, the TP2 has TP-630 and TP560, respectively

Both transformer substatIOns have reactIve power compensatIOn deVices the TP1 - UKM58-0 4-10­
33 1

/ 3UZ (of 100 kVAr capacity) and the TP2 - UKM59-0 4-102 5-(2x30x425)UZ (of 1025 kVAr
capacity) ReactIve power IS controlled by stages, by automatic connectIOn or disconnectIOn of
condenser battenes

The TP1 supplIes electnc power to the office and amemty blllldmg, air compressor plant, boIler plant
as well as of the machme shop feedstock acceptance and apparatus shop, sour cream/cottage-cheese
shop, and of the fillmg workshop

The TP2 supplIes electnc power to the refngerator compressors, cheese workshop, the City potable
water network mtake pump house, etc

The sewage pump house has two mput feeders one of whIch IS a standby and may be fed both from
TPI and TP2

The hghtmg and ventilatIOn load of the factory IS dIstnbuted among workshop mput feeders

Coolmg agent supply

At the enterpnse the coolIng system IS used for refngerators for stock and products storage, as well as
for coolmg of dairy products after pasteunzatlOn The latter are cooled by chillmg method, 1 e by
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USing of secondary coolIng agent Ice water or bnne The mam eqUIpment of the coolIng system IS
Installed In ammOnIa compressor statIOn located m the mam bUIldmg

CoolIng system operates with no pumps

Coolmg eqUIpment mamly consIsts of smgle-stage piston compressors (see Table 3 22)

Table 3 2 2 List of ammoma piston compressors

THe Q-ty CommissIOned, year Capacity, thousand Drive capacity, kW
GCal

AU-200/1 2 1968, 1981 150 55
AUU-400/A 4 1980 300 132
AUU-20/A 2 1980 200 75
AV-I00/A 1 1976 75 30
A-350 1 1986 350 200
A-280 1 1986 295 132

In the anne\.. to the compressor bUlldmg, the evaporators of the three CirCUIts of coolIng products after
pasteurIzatIOn are located In the evaporators, ' Ice water" and bnne are cooled by means of ammOnIa

Each Clrclllt serves the correspondmg process sectIOn (see Table 3 2 3)

Table 3 2 3 Secondary coolmg agent CirCUIts

1st CirCUIt
User - "Nagema", OPL-25, and "Laval" hnes
Secondary coolmg agent - ' ICy water" oft = ooe to 2°C

Evaporator - IP320 of a panel type (commIssIOned m 1988)
2nd CirCUIt
User - 4 cottage-cheese coolers of a UPT-5 type, ferment cooler
Secondary coolmg agent - bnne at t = -5°C
Evaporator - 2 shell-and-tube ITG-250 (1984, 1996)
3rd CirCUIt
User - products coolmg tanks, cream for sour cream
Secondary coolIng agent - "Icy water" oft = ooe to 2°C
Evaporator - IP-180 of panel type (1988)

Each evaporator has an automatic float-type ammOnIa regulator, which regulates the flow rate
through the evaporator tubes

The secondary coolIng agent circulatIOn IS proVided by three groups of pumps (see Table 324)
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Table 3 2 4 Pumps of the product coolIng system and recIrculatIOn system cIrcuIts

Type Number, pcs Commissioned, Capacity, Drive Note
year m3/honr capacity, kW

CIrcUIt 1
K-160-30 2 1980 160 22 1 m standby
CIrcUIt 2
Imported 2 1989 90 13 1 m standby
(Germany)
K-80-50 2 1993 80 13 1 m standby
CircUit 3
K-80-50 2 1993 80 13 1 In standby
ReCirculatIOn water pumps
8K-12 3 1967 290 40 summer

AmmOnia vapors are condensed downstream of the compressors In the condensor plant The
condensors, condensor coolIng tower, and recirculatIOn water coolIng tower are located 75 meters
away from the compressor plant Table 3 2 5 shows the condensor plant eqUipment Installed The
ammoma plpelme from the compressor plant to the condensors IS laId on trestlble support

Durmg summer, an evaporatIon condensor recIrculatIOn water supply system IS operatIOnal that IS
Integrated wIth the compressor coolmg system The pumps of that system are located In the
compressor plant bUlldmg

Table 3 2 5 LIst of the condensor umts

No UOlt CommissIOned, Number, Capaclt), Water, Fans, No x power
year pCS kW m3/hour (kW)

AmmOnia condensers, reflux type
1 TKA-85 1989 4 313 06 2x22

2 TKA-140 1992 3 527 1 2 4x22
3 IK90 1982 2 ~313 ~O 6 3x22
4 IK125 1987 2 ~313 ~O 6 3x22
5 AT-2 1996 2 ~140 N/A 4x22

Ammoma tube-and shell condensers
1 KTG-160 1980 3 550 N/A N/A
2 KTGM-250 1990 1 862 N/A N/A
3 KTG-85 1991 1 293 N/A N/A

Water coolIng tower
1 "Rosmk.a" 1995 2 ~500 N/A N/A
2 CoolIng tower 1967 1 N/A --

In the Ice cream productIOn workshop, located at the compressor plant, a stand-alone NST-8000/1 00
refngeratlOn umt (produced by Gram, Germany), of 100,000 kCal/hour capaCity, a temperature level
of -40°C, and 75 kW dnve IS mstalled ThIS umt operates fully automatIcally and covers the needs of
the Ice cream workshop for cold generatIOn for the refngeratIOn of "Iceberg" Ice cream storage
chamber where a temperature of -25°C IS mamtamed
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Apart from the Ice cream storage chamber, the enterpnse has 13 refngeratiOn chambers wIth
temperatures rangmg from O°C to -22°C for stonng feedstock (substandard cheese) and commercIal
products (see Table 3 26) In the refngeratiOn chambers, coolIng IS secured by wall mounted
ammOnIa battenes made of tubes of057 mm wIth 40 mm band nbs

Table 3 2 6 LIst of refrIgeratIon chambers

No No of refrigeratIOn Volume, m3 TO of products Load, max, t Note
chamber (workmg), °C

1 No 1 1,382 0±1 (0) 20

2 No 2 2,074 -18 (-18) 20 (m repaIr)

3 No 3 1,374 -20±2 (-18) 15 (m repaIr)

4 No 3a (Ice cream) 691 -25 N/A
5 No 4 345 -18 (-18) 15
6 No 5 345 -18 (-18) 15
7 No 6 153 0±5 (0) 3

8 No 7 1,037 0±5 (0) 5

9 No 8 1,037 -20±2 (-18) 15

10 No 9 1,037 +4±2 (0) 30

11 No 10 1,382 +4±2 (0) 30

12 No 11 1,555 +4±2 (0) 20

13 No 12 4,147 +4±2 (0) 1,000

14 No 13 691 +4±2 (0) 5

Air supply system

The enterprIse has ItS own air compressiOn statiOn Compressed air consumptiOn at the enterpnse IS
relatively small All reqUIrements are covered by the followmg aIr compressors

Table 3 2 7 LIst of aIr compressors

Type No CommISSIoned, CapaCIty, Pressure, DrIve capaCIty,
year m3/mm kl!/cm2 kW

VU-3/8 7 1967 3 8 22
4VU-5/9 2 1992 5 9 37

At the compressor plant outlet, seven 05 m3 receIvers are mstalled and the network pressure IS 8 atm
Only one 4VU-5/9 compressor IS eqUIpped wIth control automatICS sWltchmg the compressor on/off
dependmg on the network pressure

The VU-3/8 compressors are water cooled whtle the 4VU-5/9 IS aIr cooled There IS no reCIrculatIOn
water coolmg system

Llghtmg

The workshops hghtmg system uses dIfferent types of lamps The ABK premIses are lIghted by
LB-18 lamps and mcandescent lamps The process workshops are lIghted by the followmg lamps
LB-40, LB-20, LDTs-80, and DRL ofvanous candle power as well as by mcandescent lamps Smce
DRL lamps are most power-consummg, AppendIX 3 shows theIr placement m the enterprIse
workshops
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from the mamfold IS fed to the hot water supply boIler, then fed to the receiver tank and further on to
the boIler plant The accumulatmg tank also receIves condensate from the heatmg system bOIlers and
the hot water system of the Llpovaya Gora settlement

3 3 DescrzptlOn oftlte productIOn process

331 Process equipment

The enterpnse has several process lInes productIOn of defatted and fat mIlk, dIetary products (sour
cream, cream cheese, sour mIlk, etc ), Ice cream as well as sausage cheese and spread cheese Despite
the diverSity of the products manufactured, their productIOn processes are generally SImIlar A
sllnplIfied process flow diagram IS shown on the followmg figures FIgure 3 3 1 shows the scheme of
acceptance and InItial processmg of mIlk

Figure 3 3 1 Imtlal mIlk processmg

Acceptance of milk

Acceptance test of mIlk

Welghmg and drawmg up of documents

Sortmg and coolmg

Stonng

Processmg of mIlk

Industnal treatment

SeparatIon of fractIOns (normalIzatIOn) Defatted mllk

After coolmg, the cream reenters the pasteunzatIon, thiS tIme m the Ice cream workshop, then to
vessels cooled With "Ice water" With the additIOn of components cooked 10 speCial bOilers Then the
mix IS whipped 10 freezers, and the product IS fed to packagmg and further on to a refngeratlOn
chamber

Figure 3 3 2 shows process flow diagram of mtlk and dietary foods manufactunng
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Figure 3 3 2 Flow diagram of mIlk and dletarv foods manufacturmg
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Sales

Preparation for hllmg and fillmg (packmg)

High temperature pasteurIzatIon at 92 to 9)oC

Coolmg down to 4±2°C or curing 111 the refrIgerator

For dietary foods

Readyferment

Fermentmg

Coolmg

Heatmgand ~'--_-==;:-='--_ Steam_ seasomng .

Packmg IS qUite an energy consummg process, Figure 3 2 3 shows the flow diagrams of the mam
products packmg process
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FIgure 3 3 3 Flow dIagram of maIn products packIng
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i
Compressed atr,
electric power

In the spread cheese workshop of the enterpnse, there IS a process line for the manufactunng of
spread cheese and sausage cheese The works receive substandard cheese, further on, It IS manually
washed m hot water, milled, and goes mto the OPE-400 (3 pieces) meltmg bollers operatmg on live
steam Then, the spread cheese IS packed m four packmg devices and IS loaded mto a refngerator
From the meltmg bollers, sausage cheese feedstock comes at the "L-5 OKA" umt, then to the
smokmg plant that operates on wood ChipS, then It IS pach.ed and IS loaded to the refngerator

As the per process flow diagram ofthe enterpnse, Its worh.shops consume a lot of electnc power,
cold, steam, compressed air (see table 33 1), and water

Table 3 3 1 LIst of the maIn consumers of compressed aIr

No Process eqUipment OperatIOn mode, hours Air consumptIOn,
per day m3/mm

1 M6-0P3E automatic filler to film (2 pes) 12 13
2 M6-0P3E automatic sour cream packer (2 12 1 3

pcs)
3 M6-0P2D automatIc packer 8 03
4 R-8000 automatic packer (2 pcs) 8 03
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I No Process eqUIpment Operation mode, hours AIr consumptIOn,
per day mJ/mm

5 Washmg ofpIpehnes wIthout dIsassembly 2 03
operatIOns (0 3x2)

6 PasteunzatIOn and coolIng umts (6 pcs) 12 to 18 14
7 Cream pasteunzatIOn for sour cream 12 03
8 V2-PN (0 8x2) cheese meltmg bOilers 8 1 6

9 Purepack" mIlk fillmg lme 12 3
10 Sour cream tanks washmg 8 04
11 wI!lk stIrrmg m tanks 24 25
12 Pneumatic hammer oto 24 3

TOTAL 160

In the mIlk productIOn process, steam is used to heat mIlk. products at pasteunzatIOn, for dismfectIOn
of vessels at the acceptance eqUipment sectIOn by steammg, and for stenhzatIOn of ferment
components StenhzatlOn tak.es place m autoclaves at 120DC by lIve steam under 3 atmospheres
Electnc power IS consumed by the mIlk transfer pumps, at whippmg, homogemzatIOn, and packmg

18
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4 AnalysIs of Power ConsumptIon and OperatIOnal Modes of
EqUIpment

4 1 AnalysIs ofenterprise power consumptIOn

The OAO "Permmoloko" consumes natural gas, electnc power, and water Table 4 1 1 shows
mtormatlOn on the commercial products output and power resource consumptlOn change at the
enterpnse 10 1994-1997

Table 411 Output and power resource consumptIOn III 1994-1997

I Products Umt 1994 1995 1996 199
Ma10 Tons 53,892 39,515 33,462 37,657
AdditIOnal Tons 1,920 1,022 815 519

Power resource
Natural gas tons of fuel 6,522 6,148 6,557 6,495

eqUivalent
Electnc power MWh 6,112 6,630 6,327 7,380
MUlllclpal water m3 462,511 428,251 422,115 491,348

The table of Appendix II shows mformatlOn on power consumptlOn by the enterpnse 10 1997 by
months and Appendix III shows mformatlOn on bOiler plant heat and cold output 10 1997

The mterrelatIOn between power resources consumptIOn and products output m 1997 IS shown on Bar
chart 4 I 1 Power resource consumptlOn and products output IS assumed m arbitrary UllitS 10 relatIOn
to January, 1997

Bar chart 4 1 1 InterrelatIOn between power resource consumptIOn
and products output III 1997
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As the chart shows, WIth a suffiCIently even output through the )'ear, substantial seasonal dIfference
m power consumptIOn IS eVIdent

Table 4 1 2 below shows the power resource tanffs as of March, 1998 These figures have been used
III the calculatIOns

Table 412 Power resources tarIffs In 1997

No Power source Umt Rates, Rbi
1997 from 01 03 1998

1 Electnc power
baSIC rate kW 66 691
addItIonal rate kWh 0192 02637
for reactIve power kVarh 0017 0021

2 Natural gas thous nm3 2935* 2935
3 MUnICIpal water m3

consumptIOn 396 396
dramage 2324 2324

Natural gas rate has changed several times over 1997, for more detaIls see the AppendIx

Table 4 1 3 Power resources consumptIOn and payments III 1997

Power resource Umt DIscharge Power Cost
GJ % Thous %

Rbi
Natural gas tfe 6,495 188,2782 89 1,6169 25
Electnc power MWh 7,380 26,568 11 1,9195 30
MUnicIpal water 000 m3 491,348 - - 2,9506 45
Total 211,2268 100 6,4870 100

On Diagrams 4 1 and 4 2 below, the breakdown of power resources consumptIOn m power eqUIvalent
and that of payments for power resources consumptIOn are shown

Diagram 4 1 Breakdown of power resources consumptIOn

ElectrIC power - 11%

Natural gas - 89%
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Diagram 4 2 Breakdown of payments for power resources

Natural gas - 25% ElectrIc power - 30%

Water-45%

The chart reveals that the major part at pavments (about -1-5%) I~ for water Effluents coefficient for
the plant IS 0 88 as of the amount of consumed \\ ater

As shown m the Diagram, electriC po\ver accounts for some 30% of pavments for power resources
Under a contract wIth the mUl1lclpalutllity the enterprise pay s tor electriC power at two-rate tanff
and reactIve power consumed IS paid for accordll1g to the readll1gs of a reactIve power commercial
meter at full eXlstmg rate

Diagram 4 3 shows the breakdown of payments tor electllc po\\er

Diagram 4 3 Breakdown ofpa)'ments for electrIC power

Reactl\ e power 1%
Declared power

35%

The refrigerator compressors are the maIO electriC power consumers Figure 4 1 shows electnc power
consumption and cold generatIOn figures by months
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FIgure 4 1 Schedule of electrIc power consumptIOn and cold generatIOn by the ammoma
compressor plant III 1997

-Cold
- Electnc power

-r---------------------------,.. 750,00

+------------..:~-_7"~~------_t700,00

+-----------I--Jr------,I---~.___----_l_650,00 ~

-l-----I\------j.J~--'\:_-~----------=~----_1_600 00 I-<n

~
+-----J~-\---__cI__---------_\~---1- 550,00 8-

u
-l-----I---\:=."..,e----,f-------------\.-'o,.-----_1_ 500,00 .E

g
-F"'o-.::--I'-::r---;---:;j~-------------\---___.It_ 450,00 rr3

-l--------\.F---------------\--+-_l_ 400,00

-l---+----t--I---+---t---f----t---..,I---+---!-----l- 350 00

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

900,00

800,00

700 00
......

600,00cJ
0 50000
'"Cf
'0 40000U

30000

20000

10000

Jan

TI1lS Figure shows that both curves are well correlated which IS mdIcatlve of the fact that It IS the
compressor plant that mamly determmes power consumptIOn of the enterpnse A sharp drop III power
consumptIOn m Apnlls e-xplamed by repairs on the boIler plant for two weeks WhICh suspended the
operatIon of all the bOIler plant eqUipment, network water pumps, and some steam consummg process
hnes

The mean speCIfic power consumptIOn for cold productIon IS 280 kW*h/GCal

Natural gas accounts for 25% of the payments for power resources Natural gas IS used III the bOIler
plant and m the productIon process Natural gas consumptIOn IS accounted for by two meters one of
WhICh IS mstalled m the boIler plant whIle the other m the fillmg workshop The annual consumptIOn
of natural gas for productIOn process IS mSIglllficant, and m 1997, It amounted to 2,460 m3 or to some
004% of the total consumptIOn

42 OperatIOn modes ofpower consummg equipment

RefngetatlOn supply system

The refngIratIon IS used at the mIlk factory both m the productIon process to cool feedstock, semI­
processed products, and commercial products, as well as to cool storage chambers of commercIal
products Table 4 2 I below shows the estImated refngeratIOn consumptIOn by enterpnse eqUipment
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Table 4 2 1 RefrigeratIOn energy consumptIon by enterpnse eqUIpment

EqUipment type Cold output, kCal/h

Coolmg agent - ammoma
1 RefrigeratIOn chamber No 1 58,728
2 RefrigeratIOn chamber No 2 117,194
3 RefrigeratIOn chamber No 3 130,354
4 RefngeratIOn chamber No 4 76,274
5 RefngeratIOn chamber No 5 87,419
6 RefngeratIOn chamber No 6 34,423
7 RefngeratIOn chamber No 7 13,771
8 RefngeratIOn chamber No 8 99,406
9 RefngeratIOn chamber No 9 49,932
10 Refngeration chamber No 1O 65,893
11 RefngeratIOn chamber No 11 61 513
12 RefngeratIOn chamber No 12 224,985
13 RefngeratIOn chamber No 13 10,021

I Total I 1,029,913 I
Table 4 2 1 Refrigeration energy consumptIOn by enterpnse eqUIpment (contmued)

I No Process equIpment CapaCIty, COldd~
t/hour ...... ."

Coolmg agent - "ICy water"
1 "Vulkan-Laval" cool1Og and pasteunzatIOn lIne 25 350,000
2 "Nagema" coolIng and pasteunzatIOn hne 25 350,000
3 Cooling and pasteunzatIOn hne (Votk1Osk) 25 350,000
4 "Vulkan-Laval" cream cooler 3 156,000
5 OPU-15 coolmg and pasteunzation umt (2 pcs) 15 420,000
6 CoolIng of mIlk m the process oflIftmg It from the 15 60,000

pasteunzed mIlk storage
7 Cooling mIlk and kefir m tanks for 10 hours (14 pcs) 10 56,000
8 Coolmg cream used for sour cream productIon after 10 120,000

pasteUrIZatIon 10 the tubular cooler
9 Coolmg sour cream m the tanks after fermentatIOn for 1O 10 160,000

hours (8 pcs)
10 Cooling ferments m the fermentatIon umt 50,000
11 Cooling the mIX for cream cheese m the tanks for 10 hours (9 10 180,000

pcs)
12 Coolmg the mIX at the TOS-5 5 100,000
13 CoolIng cream cheese m the screw cooler 1 17,000
14 PasteurIzatIOn of the mIX for cream cheese 10 40,000

Total 2,409,000
CoolIng agent - bnne

1 UPT-5 cream cheese coolers (4 pes) for 6 hours 5 70,000
2 CoolIng ferments followmg sterIlIzatIon 50,000

Irn:tal 120000
Total for the enterprise 3,
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The above Table shows that refngeratIng of commercial goods storage chambers accounts for 30% of
the refngeratiOn generated by the compressor plant, while prepanng of "Icy water" accounts for about
67%, and coolIng bnne accounts for about 3%

It should be noted that the electnc power consumptIOn of the ammoma compressor plant clearly
shows seasonal character Thus, the compressors account m the wmter for 17% of the total power
consumptIon whIle In the summer theIr share mcreases up to 40%

All ammoma compressors operate Without automatic controls The plant operator sWitches them on
and off Temperature In the refngeratlOn chambers IS momtored by the readmgs of a device
connected to the thermocouples of the chambers The temperature value m the refngeratlOn chambers
IS dIsplayed at a deVIce located m the operator's room

LiqUId ammoma IS fed from the condensor plant to the plant via a smgle-plpe hne, m the compressor
plant the flow IS dlstnbuted to feed plpelmes to the mamfolds wherefrom ammoma IS supplied to
vanous users Cold supply to the refngeratlOn chambers IS manually operated The operator, Judgmg
by the extent of the frostmg-up of receiver mdlcatlOn tubes located at ammoma return lInes from the
chambers m the compressor plant bUlldmg, opens or closes the ammoma supply valve

The evaporators of secondary coolIng agent preparatIOn are eqUipped With float-type control deVice
to mamtam set temperature of "Ice water" or brme

The compressor plant operatIOn mode IS determmed by air temperature m operatIOnal refngeration
chambers and IS weather dependent, on the other hand It IS determmed by the number of operational
"Ice water" and bnne CirCUIts In the wmter, one to three compressors are operatIOnal whtle m the
summer, up to seven are operatmg

The smgle-stage piston compressors of the compressor plant are heaVily worn and obsolete, and do
not always ensure reqUIred temperature level m the refngeratlOn chambers m the summer

In the summer when the discharge pressure, reqUired for ammoma vapor condensmg, depends on the
ambient temperature, the pressure generated by the compressors IS msufficient for proper
refngeratlOn cycle, and the compressors are partially Idle Downstream of the condensors, liqUId
ammoma IS fed to the plant at a temperature that IS close to one of saturatIOn ThiS IS why an
mtermedlate heat exchanger IS mcluded m the refngerator supply system to cool ammoma down to
the temperature reqUIred It IS cooled by a portIOn of the flow that passes through a choke mstalled at
heat exchanger

The condenser plant eqUIpment mcludes atr-and-water condensors of vanous types In the summer all
alr-and-water umts operate With water feed, whtle m the wmter, ammoma vapors are condensed
through the transfer of heat to the atr flow only and water IS not fed to the umts

Water IS not fed to the old condensor tower The ammoma passes through COils bemg cooled by
ambient air

Water IS also not fed to the shell-and-tube condensors The ammoma, whtle passmg through the
annular space, transfers heat to the atr m the tubes In order to allow air to pass through the tubes, the
end covers of the thermal exchangers are removed

The recirculatIOn coolmg system of the refngeratlOn compressors IS mtegrated WIth the air-and-water
condensor system and becomes operatIOnal when water IS fed to the condensor plant only The
system operates m the summer only, as a rule, one of three 8K-12 pumps WIth 290 m3/h capaCIty and
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40 kW electnc dnve IS used In wmter, the compressors are cooled with mUnicipal ,,,ater, and the
reclrculatlOn water system IS not used

Azr compressor plant

The compressor operatlOn mode IS as follows dunng dav time, two VU-3/8 double-stage piston
compressors are used To mamtam pressure m the mam lme, a 4VU-5/9 compressor sWitches on and
off, dunng night time, only one VU-3/8 compressor IS used

Heat szpply system

The boiler plant ofthe factory fully provides for the needs ofheatmg and ventilation loads as well as
the hot water supply loads of outside consumers These mclude the car repair statIOn and Llpovaya
Gora settlement

The condensate from the car repair statIOn IS not returned and IS only partly returned from the
settlement bOiler house It IS not metered

Heat generated and supplIed to outside users is accounted for by heat meter and a calculatIOn method

Bader plant

The condensate IS fed from the boiler plant receivers to two receivers located near the boiler plant
room, and further on, after mlxmg with raw water, IS feed to the chemical treatment Units The
reagent (sulfunc carbon) IS regenerated daily for the first stage and once m four days or more

The laboratory mOnitors the qualtty of boiler water at regular mtervals, ItS figures serve as a basIs for
a decIsion to penodlcally blow down ofthe bOilers There IS no full and contmuous blow down The
laboratory analyses condensate m the receiver vessels at regular mtervals oftlme pnor to mlxmg It
with raw water m order to prevent feedmg contammated water mto the bOIlers

After the second stage filter the water IS fed to two tanks of chemical water treatment and then fed by
second stage pumps though the mtermedtate heat exchanger at 80-85°C to the de-aerator As the
mstrument survey has revealed, the feed water downstream of the heat exchanger IS sent to feed
pumps at 85-90°C and further to the boiler's economizer

EvaporatlOn heat of de-aerator IS not used and condensate IS not returned to the boiler house The air
mtake to the bOIler house burners IS proVided both from mSIde and outside of bOllmg house The
amount of air taken from mSlde of the boIlmg house IS regulated with gate valve As a rule, durmg the
cold season the air IS supplted from the outside to aVOid suctIOn of cold air to the boiler house

All steam and hot water pipeltnes mSlde of the bOIler house have no msulatlOn The temperature of
the economizer surface and boIler Itnlng m the top part IS 50°C and higher

The bOIlers are controlled manually through vanatlOn of gas and aIr pressure upstream ofthe burners
The gas/alr ratio IS also controlled manually m accordance with mode charts of each bOIler

Heatzng system

In the past two years, the enterpnse made modIficatIOns to SWItch from a steam heatmg system to a
hot water system It now prOVIdes 70% of all needs In the near future, It IS planned to transfer the rest
of the system to water heatmg Condensate from the remammg steam heatmg umts of the enterpnse
does not return m full, "dead-end" users do not return condensate
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It IS worth notmg that folIowmg the repairs at the admlmstratIve-ame111ty complex, all of the heatIng
system radIators have been encased m decoratIve panels whIch ImpaIrs the thermal exchange and the
efficIency of the whole system

Pnor to early 1998, network water of the enterpnse was heated m a bOiler, but after ItS efficIency
dropped because of the Increase of the sedIments at the thermal radiatIOn surfaces, a system ofa
dIrect mJectlOn of steam mto the return line was adopted

Hot water szpply

Water IS heated m the bOiler plant by heatmg mumcIpal cold 'Water with a steam-and-condensate
mIxture that IS returned Via condensate pIpelmes from the enterpnse workshops HereWIth, should the
steam-and-condensate mixture faIl to provide the reqUIred 'Water temperature (65°C to 75°C)
downstream of the bOiler, It IS afterheated by lIve steam All condensate collected IS fed to a
condensate receiver The operator manually mamtams a reqUIred temperature of hot water There IS
no automatic control, whIch results m a substantial deviatIOn of hot water temperature and the
discharge of exceSSIve heat power for hot water supply needs It IS worth mentIOnIng that there IS
substantIal hot water consumptIOn at the enterpnse charactenzed by large fluctuatIOns ThIS IS caused
by speCific breakdown of water consumptIOn for the productIOn process (flushIng tanks, vessels,
etc) there are no accumulatIOn vessels m the hot water supply system

Water supply

A large share of the enterpnse power resource payment account IS for water Water IS used for the
system of coolIng feedstock, semIfi111shed goods, and commercIal products followmg pasteUrIZatIOn,
for coolmg the compressors, and for boilers make up water both m the cold and hot water supply
systems

The mtake mumclpal water IS accomplished With pumps of the pump house There IS no arteSIan
wells at the factory

At the pump house that supplies the factory With mumcIpal water, only one of five pumps WIth 15
kW dnve IS operatIOnal

At the sewage pump house, only one pump WIth 55 kW dnve IS operatIOnal It IS SWItched on and off
dependmg on the effluent water level m the receIver
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5 ENERGY SAVING MEASURES

5 1 The results o/measurements undertaf..en at the enterprise

In the analysIs of power consumptIOn modes, Energy and Ehte power recorders and Fluke muitimeter
were used In the course of the audIt, recordmg mstruments were connected to the servIce entrance of
the enterprIse (at the hIgh-voltage sIde), to the meterIng devIce of electrIc power supphed to the sub­
consumer enterprIse They were also used at the mam electrIc power consumers one refrIgeratIOn
compressor m contmuous operation, the mr compressor plant, and the boIler plant Despite the fact
that one of the days was a hohday, the enterprIse operated m normal regime A recordmg device was
connected to the sewage plant pumps which were operatmg m an mtermlttent mode, and smgle
measurements were undertaken of power consumed at the majorIty of electrIc power consumers for
the purpose of compIlmg a power balance sheet and makmg an analysIs of load factors of electnc
motors Appendix IV shows 24-hours power consumptIOn dIagrams of the bOiler plant, refrIgeratIOn
compressors (one of the three of them was operatIOnal only), the sewage pump house, and the air
compressor plant

Figure 5 1 1 shows a schedule of power consumptIOn for the perIod from March 14 to 16

The second curve has been obtamed by aggregatmg power consumptIOn by UnIts and separate plants
of the enterprIse

FIgure 5 11 Schedule of power consumption for the perIod from March 14 to 16, 1998
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A curve obtamed through aggregatmg the electnc power consumed by several enterpnse umts IS

suffiCiently close to that obtamed as a result of recordmg the electnc power by an mstrument
connected to a common mlet Table 5 1 I shows a breakdown of power consumptIOn resultmg from
the graph pIck.up and capacIty measurements of productIOn process eqUIpment mstalled
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Table 5 1 1 Balance sheet of electric power at the enterprise

No Consumer ElectrIc power consumptIOn, %
1 Llghtmg 5
2 Heat supply, mcludmg 166

Boller plant 147
Network pump 1 9

3 Cold supply, mcludmg 282
Compressor plant 17 1
Coolmg towers 72
Secondary coohng agent pumps 39 (34+05)

4 ProductIOn process, mcludmg 214
Acceptance eqUIpment lOb 03
Spread cheese workshop 07
Cottage-cheese/sour cream workshop 43
Fllllshed products workshop 28
FillIng workshop 41
Machme shop 22
FermentatIOn workshop 14
Ice cream workshop 56

5 Air supply 62
6 VentIlatIOn 42
7 Water supply 67

Sewage pump house 1 6
Pump house 5 1

8 Outside users and losses 98
TOTAL 100

RefrigeratIOn Supply

The refngeratlOn compressor plant IS the mam electnc power consumer In the course of mspectIon,
up to 6 compressors were operatIOnal In the Table 5 1 2 below, the figures of actual power consumed
and load factors of the dnves of the mam electnc power consumptIOn eqUIpment of the compressor
plant are shown

Table 5 1 2 Power consumptIOn of the equipment

No EqUIpment Items DrIve capacl!), Power consumed Load factor, %
kW (power ratIo)

1 AU-200/1 compressor (No 2) 55 29 (0 58) 52
2 AUU-400/A compressor (No 3) 132 103 (0 79) 78
3 AUU-400/A compressor (No 5) 132 95 (0 82) 72
4 AUU-20/A compressor (No 8) 75 68 (086) 90
5 AU-200/1 compressor (No 10) 55 20 (0 48) 36
6 AV -100/A compressor 30 11 (059) 37
7 6K-12 compressor, first CIrcuIt 22 14(077) 64
8 4K-8 compressor 13 11 (0 65) 85
9 Condensor plant fans N/A 52 (0 64) --
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A visual mspectIon of pipelines from the compressor plant to the condensor plant at a sectIOn of
about 75 m revealed that the pipeline feedmg ammoma vapors from the compressors was not
Insulated The measurements done mdlcated that the pipe temperature downstream of the compressor
plant was about 100 to 120°C (up to ISO°C by summer time), After haVIng passed an open sectIOn,
the temperature of the pipe upstream of the condensors was of the order of 40°C whIch was explamed
by the coolIng through the ambient air (the temperatures were measured by an "Omega" digItal
thermometer at about O°C of ambient air)

The liqUId ammoma pipe msulatlOn has faults, and the dlstnbutlon pipes up to the Inlet to the
trestlework have no Insulation at all A total 50 m of pipes With an average diameter of 50 mm have
no InsulatIOn At the moment of InspectIOn of the condensor plant, the temperature of the liqUId
ammoma downstream of the condensors was 4 to 6°C In summer mlssmg InsulatIOn results m
refngeratlOn losses from the liqUId ammoma pipeime

CoolIng chambers were checked dunng the audit Two chambers were under repair The audIt of the
other (operatIng) chambers revealed that the chambers With POSitive temperature are not eqUIpped
With curtams and the doors are not tight Chambers With negative temperature have, as a rule, doors
m good conditIOn

In Coolers 4,5 and 6 the InsulatIOn of walls, ceilIng and floor has been Improved InsulatIOn matenal
was repaired Similar repair works are In process In Cooler 3 Low temperature Cooler 2 IS scheduled
for msulatlon replacement Improvement of the InsulatIOn of the coolers Will result In elimmatlOn of
preVIOusly observed ground freeZIng and aVOid cold leaks to adjacent coolers and rooms

Durmg the coolers InspectIOn all of them had Ice bUIldup on ammoma battenes, which greatly
reduces their effiCiency

The coolmg compressor statIOn IS located m on the bUlldmg With cold consumers, so the length
dlstnbutlOn pipelines IS not substantial

As a result of the InSpectIOn, It should be noted that the wear and obsolescence of compressor
eqUIpment, lack of automatic deVices for adjustment of compressor station performance and keepmg
of needed temperature m coolers makes the cooling system IneffiCient The reconstructIOn of the
entire system should be consldeled as an optIOn of ItS performance Improvement

Air supply system

In the course of the mspectlOn of the compressor plant, the air temperatures m the mJectlOn Ime were
measured (l30°C) The average air consumptIOn In the air supply system for the penod of time
mspected (March 13-14) was about 7,680 m3/24 hours (4 hours of net time wlthm 24 hours, the 5 m3

compressor and 36 hours 3 m3 compressors were operatIOnal) The plant's maXImum demand III

compressed air IS 16 m3 (refer to Table 3 3 I ) As numerous consumers of compressed aIr were out of
operatIOn at the moment of mspection It can be concluded that there were leaks m dlstnbutlOn system
of compressed air

BOller plant

The bOiler house IS the major consumer of natural gas at the plant As there are two SimIlar bOIlers III

the bOiler house, their effiCient use durmg the year IS rather complIcated Most of the year (fall until
spnng) when the steam productIon has to be at the level of 10-13 t/h One bOIler IS not suffiCIent to
cover thiS demand, therefore two boIlers are m operatIOn at mmlmum loads that sometImes are even
below those avaIlable m a process card At such loads the bOilers' effiCiency IS 2-4% lower than at
nommal loads
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The boilers were tested durmg the audIt wIth the purpose of evaluatmg the efficIency of theIr
operatIon It Included measunng the composItIon of fume gases up- and downstream of the
economIzer, the percentage of CO2, O2, and CO, and the temperature of gases BACHARAH
electromc gas analyzers were used for measurmg

The results of the tests and estImates of thermal losses performed are shown m the AppendIx V

Test results revealed the follOWIng

• Gas-aIr ratIO m the burners at the bOIlers' workIng regImes under process card and beyond Its
lImIts (at a lower load) In total prOVIde effiCIent gas burnmg (lllltIaI SIgns of CO m stack gas)

• SubstantIal aIr suctIOn to bOIlers lme was revealed for BOller 1 It occurs upstream of
economIzer and comprIse 120-180%, whereas for Boller 2 suction IS bIg both upstream of
economIzer (90-110%) and espeCIally In the economIzer Itself(200-250% ) Such substantial
aIr suction results In acute mcrease of heat losses WIth stack gas as well as m addItIOnal load
on bOilers' smoke exhaust system

• Sealmg of hatches and VISIble leaks from Boller 1 dId not result m air suctIOn decrease that
reveals the major air suction through the walls of bOIlers

• AIr suctIOn decrease to standard values wIll result m 2-7% fuel savmg

To evaluate the real values of steam productIOn m a boIler house feed water the flow was checked
wlthm t",,,o hours for Boller 1 and 1 5 hours for BOller 2 ObservatIOn revealed good correlatIOn of the
test and flow meter values for Boller I and 20% overrated test values to compare WIth flow meter
values for Boller 2 The total steam productIOn by two boIlers was 9 5 t/h

AdditIOnally WIth the help of a Fluke multipurpose meter the measurement of electnc power
consumed by feed water pumps, supply and CIrculatIOn water pumps for heatmg and hot water supply
systems were performed

Feed water supplIed to boilers after deaerator, heatmg system water, as well as electnc power
consumed by the pumps of feed water, system and CIrculatIOn water for heatmg and hot water supply
system were measured WIth the use of the Panametncs flow meter

Heatzng and ventIlatIOn system

A visualmspectIOn and the measurements completed on the heatmg and ventIlatIOn system have
shown that It IS m poor bad workmg condItIOn or mlssmg msulatIOn coatmg at substantial lengths of
the pIpes of the heatmg system, hot water supply system, the condensate return from vanous plants
and hot water supply as well as an entIrely mlssmg msulatIOn at the feedmg water plpehnes and the
economIzers Total length ofnon-msulated pIpelIne sectIOns IS about 450 m whIch, gIven hIgh
temperatures of theIr surfaces (up to 100°C and above) results m big thermal losses to the
environment

The results of the above measurements and evaluations of the thermal losses are shown m Table of
the AppendiX VI

The followmg measurements were done to evaluate the loads on the heatmg system flow rate In a
return lme of condensate from the steam heatmg system (800 kg/h), and the flow rate of system water
(70 m3/h) and Its temperature In a feed and return hnes (615°C and 543°C, respectIvely) In
accordance With the evaluatIOn the load on the heatmg system WIth regard to losses at "dead-end"
lmes and m dlstnbutIOn system (600 kg/h) IS 6, 980 GCallyear
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Hot water supply system

In order to analyze the breakdown of consumptIOn of the hot water supply system and to evaluate
losses due to the absence of hot water accumulatmg tanks, the water consumptIOn for hot water
supply needs was measured by a Panametncs mstrument FIgure 5 1 3 shows a 24-hours schedule of
water consumptIon

FIgure 5 1 3 Water consumptIOn for hot water supply needs
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The obtall1ed results demonstrate acute fluctuatIOns of hot water consumptIon from 0 to 90 m3/h
DaJ1y water consumptIOn IS 330 m3 Assummg that the mean temperature of water heatmg m a boJ1er
IS 60°C the estImated heat load on the hot water supply system IS about 7,227 GCallyear or 179% of

total heat productIOn

On the baSIS of the avaIlable data on the consumptIOn of power resources, as well as of the
measurements performed, a heat balance for the entIre of the plant was prepared as shown m Table
5 I 3

Table 5 1 3 Heat energy balance of the enterprise

No Consumer Yearly Dower consumotlOn
GCal %

1 Heatm2: 6,980 172
2 Hot water suoply system 7,227 179
3 Process 8,702 21 5
4 BOllIng house (own consumptIOn) 2,662 66
5 OutsIde consumers 14,883 368

Total 40,454 100
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Water supply system

On the basIs of the performed measurements and calculatIons, as well as on reported data on water
consumptIon m 1997, the water consumptIOn balance was prepared as shown III Table 5 14

Table 514 Water consumptIon balance of the enterprIse

No Consumer Yearly water consumptIon
Thou m3 %

1 BOllm2 house, mcludm2 702 142
Steam productIOn* 502 102
FIlters regeneratIOn 200 4

2 Hot water supply system 1905 388
3 Samtary needs 175 36
4 Ammoma compressors 12 24
5 Air compressors 65 13
6 Process with regard to losses 1946 397

I ITotal I 4913 I 100 I

*mcIudmg condensate return (44%)

5 2 Possible energy savmg measures

The mspection and mstrumental measurements done revealed a potentIal of Improvmg the efficIency
of power use at the enterprIse

RefrzgeratlOn supply system

The refrIgeration eqUIpment IS the mam electrIc power consumer at the enterprIse Mlssmg automatIc
controls, heavy wear of the baSIC refrIgeratIOn eqUIpment, and an Improper cold supply system result
m substantial power consumptIon A complete refurbIshmg of the ammoma compressor plant wIth a
full replacement ofthe present compressors, arrangement ofn."o mdependent CIrCUIts operatmg at
theIr own temperature level, and provlSlon of the cold supply to Its users wIth automatIcs IS one way
for Improvmg efficIency

The mstallatIon of an mtermedlate heat exchanger downstream of compressor statIOn on the
dIscharge lme would permIt the plant to reduce the ammoma vapor temperature to a great extent
upstream of condensers and to decrease theIr load adequately UtilizatIOn of heat potential of
compressed ammoma vapor would provIde heatmg of 53 tons of hot water per day to 70°C and
savmg of 143 thou m3 of natural gas per year Calculations are attached m AppendIx IX Hot water
could be used m the bOIler house, m the hot water supply system and water heatmg system, but WIth
regard to ammoma tOXIC propertIes thIS project can be recommended after addItIOnal analysIs and It
supposes consIderable mvestments that makes It unprofitable under current prIces for gas

All supply system

The heat of compressed aIr m the arr supply system can be used for heatIng and hot water supply
CalculatIons revealed that the utIhzatlOn of compressed air heat would result m savIng of about
6,400 m3 of natural gas that IS eqUIvalent to 1,880 Rb ($308) WIth such savIng the InstallatIon ofa
heat exchanger on an arr Ime downstream of the compressors would have a long payback penod, that
currently IS not acceptable
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Boder house

The major heat losses m the boIler house result from the mefficlent performance of the bOIlers due to
large aIr suctIOn along the stream (m BoIler 2 m particular), as \"ell as both bOIlers are of the same
sIze range The latter fact makes the bOIlers utilIzatIOn mflexlble m terms of reqUIred load A
considerable number of hours per year both ofthe boIlers IS operated at a ITIlmmUm load level and
even below Thus, the heat losses resultmg from aIr suctIOn are aggra\ ated WIth the mcreasmg
mdlrect heat losses to the envIronment resultmg m large fuel overconsumption by the bOIler house
The actually measured effiCIency was 87 5% and 84% for BoIlers 1 and 2, respectively, that IS 4-8%
below the nommal level As the tests have revealed the SItuatIOn IS complex due to the fact that major
suctIOn occurs through the bOIlers lImng that can probably be ehmmated only m the case of
reconstructIOn of itS elements (refer to Project 7 )

The evaluatIOn of the replacement of the current BOIler 2 WIth DKVR 6 5/13 bOIler revealed that
natural gas savmg resultmg from the effiCiency mcrease by 6-8% wlll not permIt to pay back capItal
mvestments for a new boIler m a short time

The large heat losses result from non-use of vapor heat of the deaerator compnsmg about 800 kg of
steam per hour (0 45 GJ/h ) Usually thIS heat IS utlhzed for prehmma0 heatmg of chemIcally treated
water pnor to de-aerator, but such heatmg IS currently performed WIth feed water The latter has a
pOSItive mfluence upon pumps performance and permIts It to utIlIze stack gas heat to a full extent
(feed water from heat exchanger IS sent to the economIzers at a lo\"er temperature)

On the other hand aIr for burnmg can be supplIed both from the outSIde and from the top part of the
boIler house In thIS case bOIler effiCIency mcreases

The combustion aIr mtake can be made both from outSIde and from the top of bOIler house The
negatIve feature IS coolIng ofthe boller house area m the wmter due to the replacement of mSIde
warm aIr WIth the cold outSIde one that reSl 11s m conSiderable tuel o\erconsumption To mcrease the
bollers' effiCIency, It IS proposed to raIse burnmg aIr temperature One optIOn IS the mstallatlOn of a
steam aIr heater m the air mtake hne from the outSide PrIor to the aIr heater It IS recommended to
1l1stall a umt mlxmg mSlde and outSide air A gate valve can be used for adjustment of warm-cold aIr
ratIO With a range from 0 to 100%

ThIS project ImplementatIOn would permit the system to send \"arm aIr to the burners 10 wmter

Capital mvestments wIll mamly mclude the IOstallatlon of an aIr heater and a steam plpehne from the
de-aerator, as well as some reconstructIOn of the air mtake pipes (refer to Project 9 )

ConSIderable heat losses m the boller house are also related to the entire lack. of msulatlOn of all
plpelmes both steam lInes and feed water hnes Their msulatlOn \\'111 reqUIre mconsiderable capital
mvestments and Will result m good savmgs (refer to Project 1 )

Sulphonated coal is used as an agent m the chemical water treatment UnIts Its replacement With
catlOntte, despite the higher pnce of the latter, WIll result m conSIderable water savmgs and
consequent reductIOns of a number of chemIcal regeneration and carry-over (refer to Project 11 )

Heatmg system

The sWitchmg of the heatmg system from steam to water is m process Two thuds of the system is
already usmg water Project 12 discloses the effiCiency of a new heatmg system

33



OAO "Permmoloko"

The study revealed additIOnal opportunItIes of power savmg through further Improvement of the
heatmg system

• Replacement of the system pump wIth a one of lower capacity, especially after the necessary
elImmatlon of moperable bOIler where a system pump dIscharges water Pressure drop at thIS
bOiler IS about 2 atm

• ElImmatlOn of the low efficIent heat screens m the recelvmg shop, etc
• Enhancement of the heat radiatIOn m the admmistrative-amenIty bUIldmgs by removmg the

casmgs
• InsulatIOn of non-msulated pIpelInes and repair of damaged msulatlOn

Note that there are some Improvements m the entire heat power system ElImmatlOn ofthe steam
heatmg wIll result m reductIOn of condensate losses by approximately 600 kg/h and WIll Improve
steam utilIzatIon efficIency due Its dIrect mJectlOn mto water that Will also reduce Its consumption
ElImmatlOn ofthe steam-condensate mIX that IS currently used for heatmg water wIll Improve heatmg
system With only the steam supply from the boIler house Thus, it is possIble to reduce both the steam
productIOn and consumptIOn at the plant

Water supply system

The audit revealed extremely hIgh water consumptIOn by the plant as a whole ReductIon of water
consumptIOn IS possible by sWItchmg of the coolIng system of the process eqUipment (aIr
compressors) to the circulation cycle (refer to Project 5), by the use of the currently avaIlable system
of water coolIng of ammOnIa compressors m the wmter (refer to Project 4), and by the repeated use of
water from the systems of coolIng and heatmg of dIfferent process Ul1lts, such as, pasteUrIZatIOn UnIts
The probabilIty of mIlk gettmg mto water IS actually elImmated due to 111gh water pressure The
permanent mOl1ltonng of milk content m water can be performed With the help of a mdicator-detector
of water contammation WIth a speCIally adjusted alarm system The expenses related to purchasmg of
such an mdicator are about $6,000 (refer to Project 10 )

One more water savmg project IS the mstallatIon of a hot water accumulatmg tank that WIll result m
reduction of steam consumptIOn (Project 6 )
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5 3 Energy savmg measures proposed

PrOject No 1

InsulatIOn of pipelines m steam and water boiler houses

1

2

Savmg
Annual gas savmg
Total savmg

Expenditures (mcludmg VAT)
Mmeral wool
InsulatIOn mstallatlOn
Total expendItures

70 15 thou m3
, 20,590 Rb (3,375 $U8)

20,590 Rb (3,370 $U8)

1,210 Rb (198 $U8)
726 Rb (119 $U8)
1,936 Rb (317 $U8)

3 Payback time

RecommendatIOns
InsulatIon of non-coated segments of pipelInes m boIler houses

DescriptIOn
To reduce heat losses through the non-coated segments of feed water and cIrculatIon
pipelInes, steam lInes and valves they are to be msulated that Will result m savmg of70 15
thou m3 of natural gas

AnticIpated savmg
At current gas rates the savmg of 70 15 thou m3 of natural gas IS eqUivalent to 20,590 Rb
(3,375 $U8 )

Necessary mvestments
To msulate non-coated segments of plpelmes of bOiler houses totalIng 490 m It IS necessary
28m3 of mmeral wool EstImated cost of lI1sulatlOn matenals (mmeral wool and pergamyn)
as well as of theIr mstallatlOn IS 1,936 Rb (317 $U8) mcludmg VAT

Payback tIme
Payback tIme IS 2 month Project scale does not mak.e necessary to estImate the mternal rate
of return

Terms
The Project can be Implemented ImmedIately

Techmcal risks related to variability of quality and amount of commercial products
No data on thIS type ofnsks IS aVailable

Imtial data and calculatIOns
The mitIal data mclude measurements of the length, diameters and surface temperatures of
non-coated pIpelInes m a bOllmg house (refer to Appendix VI )
Total heat losses from non-coated pIpelInes of boIler houses and bOIlers are 84 7 kW
EffiCIent msulatlon thIckness for these plpelmes IS about 30 mm After msuiatlon heat losses
for the coated segments ofpIpelmes will be about II 5 kW
Thus, msuiation wIll result m savmg of about 732 kW that IS eqUIvalent to 70 15 thou m3 of
natural gas or 20,590 Rb (3,375 $U8) m cash
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EstImated efficIency 15 assumed to be 85%
EstImatIOn of heat losses through non-coated segments ofptpelmes and cakulatlOn of
InsulatIOn effiCIent thIckness was performed by reference tables
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PrOject No 2

InstallatIon of automatIc control devIces at the bOIler of hot water supply system

1

2

Savmg
Annual gas savmgs
Total savmgs

Expenditures (mcludmg VAT)
AutomatIc devices
Total expenditures

229 56 thou m3
, 67,3769 Rb (11,045 SUS)

67,3769 Rb (11,045 SUS)

3,000 Rb (492 SUS)
3,000 Rb (492 SUS)

3 Payback time

RecommendatIons
InstallatlOn of automatic control devices at the bOller of hot water supply system

Description
To mamtam hot water temperature downstream of the bOller and to improve the efficiency of
steam utIlIzatlOn it is recommended to mstall an automatic control deVIce on the lme of a
heatmg agent that wIll result m savmg of229 56 thou m3 of natural gas

AnticIpated savmg
At current gas rates the savmg of229 56 thou m3 of natural gas IS eqUIvalent to 67,376 9 Rb
(11,045 SUS )

Necessary mvestments
Estimated cost of automatIC control deVIce WIth Its mstallatlOn IS 3,000 Rb (492 SUS)
mcludmgVAT

Payback time
Payback time IS 1 month Project scale does not make necessary to estImate the mternal rate
of return

Terms
The Project can be Implemented ImmedIately

Techmcal riSks related to variabilIty of quality and amount of commercIal products
No data on thIS type ofnsks IS avarlable

ImtJaI data and calculatIOns
VIsual mspectlOn revealed that the temperature of hot water sent to the consumer was
overrated by 10-15°C and higher As a result heat overconsumption occurs m the course of
water heatmg Annual power savmg Will be as follows

Q = 330 m3x 365 x 15°C = 1,806750 GCal,

that is eqUIvalent to savmg of229 56 thou m3 of natural gas (estimated effiCiency is assumed
85% ) Annual gas savmg m cash IS 67,376 9 Rb (11 045 SUS ) Estimated effiCIency IS
assumed 85%
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PrOject No 3
Improvement of steam pipelInes msulatlon

1

2

Savmgs
Annual gas savIngs
Total saVIngs

Expenditures (mcludmg VAT)
MIneral wool
Steel zInc-coated sheets
InsulatIon InstallatiOn
Total expendItures

33,588 Rb (5,506 $US)
33,588 Rb (5,506 $US)

2,707 Rb (444 $US)
3,089 Rb (507 SUS)
3,478 Rb (570 $US)
9,274 Rb (1,520 $US)

3 Pavback time

RecommendatIOns
Replacement of InefficIent InSUlatIOn of steam plpehnes from the boIler house to boIler

DeSCrIptIOn
To reduce heat losses through the IneffiCIently Insulated segments of steam plpelmes theIr
InsulatIOn IS to be replaced that wIll result In saVIng of 114,438 thou m3 of natural gas

AntiCipated savmg
At current gas rates the savIng of 114,438 thou m3 of natural gas IS eqUIvalent to 33,588 Rb
(5,506 $US )

Necessary mvestments
To Insulate 300 m long pIpelInes from the bOIler house to the bOIler It IS necessary 75m3 of
mIneral wool and 660 kg of steel zInc-coated sheet 0 8 mm thIck EstImated cost of msulatIOn
matenals (mmeral wool pnce IS 360 Rbi m3 and ZInc-coated steel pnce IS 3900 Rb/t) as well
as of their mstallatIOn (l 6 coeffiCIent ofthe total cost of the matenals) IS 9,274 Rb (1,520
$US) Includmg VAT

Payback time
Payback tIme IS 4 months Project scale does not make necessary to estImate the mtemal rate
of return

Terms
The Project can be Implemented ImmedIately

Techmcal rISks related to varIabIlIty of qualIty and amount of commerCIal products
No data on thIS type of nsks IS avaIlable

ImtIal data and calculations
The mitIal data Include the length (300 m), dIameter (114 mm) and surface temperature
(l60°C) ofa steam pIpelIne InsulatIOn effiCIency IS currently about 50% WIth heat losses of
about 135 kW
EffiCient inSUlatIOn thickness (mmeral wool) for these pipelInes IS about 70 mrn After
InstallatIon of new msulatIOn WIth steel sheets total heat losses Will be reduced to 15 6 kW
Thus, It WIll result m saVIng of about 1194 kW or 1,045,944 kW*h per year that IS
eqUIvalent to 114,438 thou m3 of natural gas or to 33,588 Rb (5,506 $US) m cash
EstImated effiCIency IS assumed to be 85%
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EstImatIOn of heat losses through non-coated segments of plpelmes and calculatIOn of
msulatIOn effiCIent thIckness was performed by reference tables
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PrOject No ..j

The use of a system of return circulatIOn for cooling ammoma compressors
m wmter with pump replacement

1

2

Savmg
Annual water savmgs
Electnc power consumptIOn
Total savmgs

Expenditures (mcludmg VAT)
Two K.M50-32-125 pumps
Plpelme constructIOn
Total expenditures

11,3l6thou m
j

,

7,973 kW*h,
64,556 Rb (10,583 SUS)
2,100 Rb (334 SUS)
62,456 Rb (10,239 SUS)

15,000 Rb (2,460 SUS)
14,000 Rb (2,2957 SUS)
29,000 Rb (4,775 SUS)

3 Payback time

Recommendations
The use of cIrculatIOn coolIng system of the ammoma compressors m wmter purposed for
water savmg

DescrIptIOn
To create cIrculatIOn cycle It IS necessary to mstall of two pumps and a system of plpehnes
permIttmg to use the system WIthout water supply to ammoma condensers

Anticipated savmg
At current water rates the savmg of 11,316 m3 of water WIth regard to expendItures on
electnc power consumed by a pump of cIrculatIOn coolmg of compressors IS eqUIvalent to
62,456 Rb (10,239 SUS )

Necessary mvestments
As of the avaIlable mformatlOn an mstallatlOn of a new pIpelIne mIght be necessary for
autonomous operatIOn of a cIrculatIOn loop for compressors coohng (coohng water pool­
pump - water coohng tower Rosmka - pool) aVOldmg water pumpmg to ammoma
compressors A new plpehne maxImum possIble length IS 140 m The expendItures on
constructIon of a new plpehne at a pnce of 1 m of 080-1 00 mm pIpe of about 50 Rb WIll
compnse about 14,000 Rb (2,295 $US)
WIth regard to the cost of two KM50-32-125 pumps (2 x 7,500 Rb) total capItal mvestment
wIll be 29,000 (4,755 $US)

Payback time
Payback time IS 6 months Project scale does not make necessary to estImate the mternal rate
of return

Terms
The Project can be Implemented Immediately

Techmcal riSks related to variabilIty of qualIty and amount of commerCial products
No data on thIS type of nsks IS avaIlable

Imtial data and calculations
On the baSIS of the data of performance of separate ammoma compressors It IS pOSSIble to
evaluate the amount of water consumed from November tIll March when the system of
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circulatIOn coohng of compressors was not used Compressors No 1,2,8,9, 10 and 3,4,5,
6, 7, 11 consume 1 m' and 2 m3 ofwater respectively Total amount of water consumed from
a City system for coolIng In WInter of 1997 IS 11,316 m3 Possible saVIng With regard to
payments for water consumptIOn and water discharge IS 64,556 (10,583 $US ) Savmg
evaluatIOn assumes that the amount of make-up water IS 5% of total coolIng water
consumptIOn To reduce electrIC power consumptIOn It IS pOSSible to conSider an optIOn of
replacement of a 11Igh capacity pump purposed for performance In summer With the other one
of lower capacity At pump capacity of2 2 kW With a discharge flow rate of 125m3 and the
head of 20 mat 24-hours-a-day performance dUrIng 3,624 hours the expenditures Will total
2,100 Rb (344 $US ) Thus total annual savIng of power resources Will comprIse about 62,456
Rb (10,239 $US )
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PrOject No 5

Arrangement of a return circulatIOn of air compressors coolmg water

1

2

Savmgs
Annual water savmgs
Total savmgs

Expenditures (mcludmg VAT)
Total expendItures

38,000 Rb (6,230 SUS)
38,000 Rb (6,230 SUS)

25,000 Rb (4,098 SUS)

3 Payback time

RecommendatIOns
To arrange return cIrculatIOn of air compressors coolIng water

DeScriptIOn
To create return cIrculatIOn It IS necessary to mstall a pump, a coolmg tower and a system of
plpelmes

AntiCipated savmg
At current water rates the savmg of 6,703 m3 of water IS eqUIvalent to 38,000 Rb
(6,230 $US)

Necessary mvestments
ApproXImate cost of necessary eqUIpment IS 25,000 Rb

Payback time
Payback tIme IS 9 months Project scale does not make necessary to estImate the mternal rate
of return

Terms
The Project can be Implemented ImmedIately

Techmcal riSks related to varlablhty of quahty and amount of commercial products
No data on thIS type of rIsks IS avaIlable

Imtlal data and calculations
Currently aIr compressors WIth water coolIng are operated about 36 hours a day Coohng
water consumptIOn IS 0 5 m3/h Arrangement of a return cIrculatIOn of air compressors
coolmg water WIll result m annual savmg of 6,307 m' of water (3 =0 5 m3/h x 36 h/day x
365 days/year = 6,307 m3

)

At current water rates the savmg of 11,316 m3 of water WIth regard to expendItures on water
consumptIon and dIscharge IS 38,000 Rb (6,467 SUS ) The amount of make-up water IS
assumed to be 4%
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PrOject No 6

InstallatIon of accumulatmg tank for hot water supply system

1

2

Savmgs
Annual gas savmgs
Annual water savmgs
Total savmgs

Expenditures (mcludmg VAT)
Accumulatmg tank mstallatlon
Total expenditures

237 thou m3
,

3066 m3
69,560 Rb (11,403 SUS)
1,840 Rb (301 SUS)
71,400 Rb (11,704 SUS)

30,000 (4 900 SUS)
30,000 (4 900 SUS)

3 Payback time

RecommendatIOns
InstallatIOn of accumulatmg tank. for hot water supply system

Description
To ll1staII accumulatmg tank for hot water supply system purposed to more efficient
utlltzatIOn of heat of steam-condensate mix from hot water botler

Anticipated savmg
At current gas rates the mstaIIatlOn of an accumulatmg tank. will result m savmg of 237 thou
ffi"' of natural gas that IS eqUIvalent to 69,560 Rb (11,403 $US) Water savmg WIll compnse
1,849 Rb (301 SUS ) Total savmg wlII be 71,400 Rb (11,704 SUS )

Necessary mvestments
Approximate cost of accumulatmg tank mstaIIatlOn IS about 30,000 Rb

Payback time
Payback time IS 5 months

Terms
The Project can be Implemented Immediately

Techmcal riSks related to variability of quality and amount of commercial products
No data on thIS type ofnsks IS aVailable

ImtIal data and calculations
Dally hot water consumptIOn and temperature, as well as steam-condensate mIX temperature
are used as Imttal data
Heat losses of steam-condensate mix resultmg from the lack of consumptIOn of hot water (3-4
hours a day) and from repair works performed durmg heatmg penod (4 hours a week) as
follows

Q = (hl-h2) x G x t = 4205 GCal/year

Where

hIlS an enthalpy of steam-condensate mIX to the bOiler of hot water supply
system (454 kCallkg),

h I IS an enthalpy of condensate from the boIler of hot water supply system (80
kCallkg),
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G IS condensate flow rate through the boller (800 kg/h),
t IS total tIme of zero water consumptiOn of hot water (3 5 x 365 x + 32 x 4 ==

1405 5 h/year)

Heat savmg dunng the penod of hot water consumptiOn IS eqUlvalent to savmg of 53,428 m3

of natural gas per year
BesIdes, losses of evaporatIOn steam and straIghtway steam from a condensate one are about
240 kglh, whIle condensate losses are 306 6 mJ/year
In the case of mstallatlon of accumulatmg tank, even wIthout automatIC water temperature
control under condItion of relatIvely stable heat agent consumptIOn wIll permIt to mamtam
hot water temperature at necessary level wIthout consIderable steam overconsumptIon that
currently IS an often phenomenon (refer to Project No )
Gas savIng wIll comprIse 183 6 thou m3
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PrOject No 7

ReductIOn of air suction to boilers

1

2

Savmgs
Annual gas savmgs
Total savmgs

Expenditures (mcludlllg VAT)
RepaIr and restoratiOn work
Total expenditures

2276 thou m', 66,800 Rb (10,951 $US)
66,800 Rb (10,951 $US)

30,000 Rb (4,918 $US)
30,000 Rb (4,918 $US)

3 Payback tIme

RecommendatIOns
To reduce air suction on stack gas stream

DescriptIOn
Improvement of bOilers' pressunzatlon by seahng of hatches, cracks ehrnmatlOn, repair of
botler lmmg and mortar It IS recommended to carry out the repair of Boder No 1 first

Anticipated savlllg
At current gas rates the savmg of227 6 thou m3 of natural gas IS eqUIvalent to 66,800 Rb
(10,951 SUS)

Necessary lllvestments
As of the total cost of botler overhaul the estimated cost of the repaIr work for two bOilers IS
about 30,000 Rb mcludmg VAT

Payback tIme
Payback tIme IS 6 months Project scale does not make necessary It to estImate the mternal
rate of return

Terms
The Project can be Implemented Immediately wIthm the penod of annual repair

Techmcal riSks related to variabilIty of qualIty and amount of commercIal products
No data on thiS type of nsks IS avaIlable

Imtlal data and calculations
InspectiOn ofBoders 1 and 2 revealed atr suctIOn compnsmg 150% and 300% resultmg m the
mcrease of heat losses with stack gas Reduction of atr suction to a level complymg with
process cards for bOilers Will result m bOIlers' efficIency mcrease by 23% and 6%,
respectively Total savmg WIll achieve 227 6 thou m' of natural gas that IS eqUIvalent to
66,800 Rb (10,951 $US)

45



OAO "Permmoloko"

PrOject No 8

Feed pump replacement

1

2

Savmgs
Annual electnc power savmgs
Total savmgs

E-xpenditures (mcludmg VAT)
Pump umt
Total expendItures

131 4 thou kW*h, 34,650 Rb (5,680 $US)
34,650 Rb (5,680 $US)

30,500 Rb (5,000 $US)
30,500 Rb (5,000 $US)

3 Payback tIme

RecommendatIOns
To replace feed pump m a bOIler house

DeSCriptIOn
To reduce consumptIOn of bOIler feed water m a cIrculatIon loop one ofTsNSG-38-I98
pumps IS supposed to be replaced WIth a pump of22 m-'/h nommal capacIty, whIle the second
pump WIll be left as a stand-by The replaced pump can be used at other locatIOn

AntICIpated savmg
At current gas rates the savmg of 131,400 kW*h of electnc power IS eqUIvalent to 34,650 Rb
(5,680 $US )

Necessary mvestments
The pump WIth dnve motor costs 30,500 Rb (5,000 $US) mcludmg VAT

Payback time
Pa)' back tIme IS 11 months Project scale does not make It necessary to estImate the mternal
rate of return

Terms
The Project can be Implemented ImmedIately

Techmcal riSks related to varIabIlIty of qualIty and amount of commercIal products
No data on thIS type of rIsks IS available

Imtlal data and calculatIons
Replacement of the pump WIth another of lower capaCIty WIll result to decrease of electrIC
power consumptIOn by 131,400 kW*h a year that comprIses 34,650 Rb (5,680 $US) at
current rates
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PrOject No 9

UtilIzatIOn of de-aerator evaporatIOn heat

1

2

Savmgs
Annual gas savmgs
Total savmgs

Expenditures
InstallatIOn of two aIr heaters
Total expendItures

424,843 m3
, 124,400 Rb (20,400 $US)

124,400 Rb (20,400 $US)

40,000 Rb (6,500 $US)
40,000 Rb (6,500 $US)

3 Payback time

RecommendatIOns
UtIlIzatIOn of de-aerator evaporatIOn heat for heating of combustIon aIr

DescriptIOn
Currently de-aerator evaporatIOn heat IS not utIlIzed that results in direct steam heat losses to
the enVIronment It IS recommended to install a combustIOn aIr heater utIlIZing de-aerator
heat

AntICIpated savmg
At current gas rates utIlIzatIOn of de-aerator heat WIll result in the saVing of 424,843 m3 of
natural gas that IS eqUivalent to 124,400 Rb (20,400 $US )

Necessary mvestments
Capital investments related to mstallatlOn of a umt for utIlIzatIOn of de-aerator evaporatIOn
heat comprIse 40,000 Rb

Payback tIme
Payback tIme IS 4 months

Terms
The Project can be Implemented ImmedIately

Techmcal rISks related to variabIlIty of qualIty and amount of commercIal products
No data on thIS type of rIsks IS avaIlable

Imtml data and calculatIOns
Currently steam dIscharge from de-aerator to atmosphere at 1 2 atm IS performed through a
050 mm pIpe Steam losses estImated accordmg to a reference chart IS 800 kg/h or 0 45
GCal/h UtIlIzatIOn of de-aerator heat for heating of mlet combustIOn aIr WIll result m annual
savmg of 424,843 m3 of gas
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PrOject No 10

Repeated utIlIzatIon of water from process umts

1

2

Savmgs
Annual water savmgs
Total savmgs

ExpendItures
Total expendItures

420,000 Rb (68,600 $US)
420,000 Rb (68,600 $US)

76,000 Rb (12,459 $US)

3 Payback time

RecommendatIOns
Repeated utillzatiOn of water from process uOlts to a bolimg house

DeSCriptIOn
Repeated utIllzatiOn of water from process uOlts WIll result m elimmatIOn ofmuOlcipal water
consumptIOn for a bOIhng house m the amount 70 thou m3

AntiCipated savmg
At current water rates the savmg of70 thou m3 of water IS eqUIvalent to 420,000 Rb (68,600
$US)

Necessary mvestments
CapItal mvestments to the Project are related to a plpelme constructIOn, probable mstallation
of low capacIty pumps and of mdicator-detector of\\ater contammatIOn (daIry goods, butter,
etc) are estImated m amount of76,000 Rb (12,459 $US )

Payback tIme
Payback tIme IS 3 months

Terms
The Project can be Implemented Immediately

Techmcal riSks related to variabIlIty of qualIty and amount of commerCial products
No data on thIS type of rIsks IS avaIlable

Imtlal data and calculatIOns
Accordmg to the plant water balance report botlmg house consumes about 70 thou m3 of
water a year (8 m3/h ) Repeated utIhzation of water from process uOlts (pasteunzatIOn umts)
WIll ehmmate a necessIty to use muOlcipal water for the botlmg house Cash savmg WIll
compnse

3 = 70,000 x 3 96 + 0 88 x 70,000 x 2 32 = 420,000 Rb (68,600 $US )
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PrOject No 11

SubstItutIOn of Ku-2~8 catlOmte for sulfunc carbon

2

SaVIngs
Annual water savmgs
Cuts m dIscharge payments
Savmg on salt
Aggregate savmgs

Costs
Ku-2-8 catIomte (VAT mclusIve)
Total costs

12,2825 m3

10,809 m3

366 t

Rbi 48,638 7 ($7,974)
Rbi 25,120 2 ($4,118)
Rbi 84,180 ($13,800)
Rbi 157,938 ($25,892)

RbI 136,200 ($22,328)
Rbi 136,200 ($22,328)

3 Simple pavback tIme

RecommendatIOns
SubstitutIOn ofKu-2-8 catIomte for sulfunc carbon

DescrIptIOn
SubstItutIon of Ku-2-8 catlOl1lte for sulfunc carbon would decrease regeneratIon frequency
whIch would yIeld savmgs from lower water and salt consumptIOn

AntICIpated saVIng
WIth the current rates of water consumptIOn and dramage and salt pnce, the annual savmg m
the terms of cash would be Rbi 161,363 2 ($26,453)

Investments reqUIred
The estimated cost of mitIal capItal for thIS project would be some RbI 136,200 (VAT
mclusIve) The figure IS obtamed from the mformatlOn supphed by the catlOl1lte suppher

Playback tIme
The SImple payback. time would be II months The scope of the project does not need an
estImate of the mternal rate of return

TImIng
The project may be reahzed ImmedIately

Techmcal rISks related to vanabIlIty of qualIty and amount of commercIal products
No data on thIS type ofnsks IS avaIlable

ImtIal data and calculatIons
As mitial data, the results of estImates of annual water consumptIon for regeneratIon and salt
as well as the cost of sulfunc carbon and catIOl1lte

Resource (materials) Cost umt Annual dlschar~eIf used
sulfunc carbon Ku-2-8 catJomte

salt 230 Rbl/t 469 t 103 t
water used 396 Rbl/m3 19,055 m3 6,772 5 m3

water dramed 2324 Rbl/m3 19,055 m3 6,772 5 m3

At present, annual consumptlOn of sulfunc carbon makes 10% of a fillmg (some I 3 t) whIle usmg
catIOl1lte m the first year, a full fillIng IS reqUIred (8 t) WIth the pnce of catlOl1lte of 15,000 RbI per
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ton and of sulfurIC carbon of 5,000 RbI per ton, mltlal costs less mevltable costs of addmg sulfunc
carbon would make

C = 8 x 15,000 x 1 2 - I 3 x 5,000 x 1 2 = Rbi 136,200

With these costs, a sImple payback time would be 11 months
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PrOject No J2

SWltchlllg of heatlllg system from steam to water

1

2

Savlllgs
Annual gas savmgs
Total savmgs

Expenditures
Total expenditures

113,188 Rb (18,555 $US)
113,188 Rb (18,555 $US)

200,000 Rb (32,780 $US)

3 Payback time

RecommendatIOns
SWItchmg of the rest of the heatmg system from steam to water

DescriptIOn
Currently about 30% of the heatmg system utilize steam The entire transfer to water heatmg
Will result m elimmatiOn of condensate losses and m higher effiCiency of heat utihzatiOn The
additional advantage of thiS project IS the Improvement of samtary-hyglemc conditiOns of
work

Anticipated savlllg
At current gas rates utilizatiOn of de-aerator heat wlll result 10 the savmg of 385,649 mO of
natural gas that IS eqUivalent to 113,188 Rb (18,555 $US)

Necessary lllvestments
ApprOXimate cost of the eqUipment IS about 200,000 Rb

Payback time
Payback time IS 1 year and 10 months

Terms
The Project can be Implemented wlthm summer perIod

Techmcal riSks related to variabilIty of qualIty and amount of commerCial products
No data on thiS type of rIsks IS aVailable

Imtlal data and calculatIOns
The flow measurements, as well as analysIs of the balance of steam productiOn and
consumptiOn at the plant revealed the followmg At condensate losses m "dead-end" of a
steam heatmg system comprIsmg 600 kg/h and more effective steam heat transfer 111 the
course of ItS mJectiOn mto water ofa system, heat savmg (after sWltchmg of the rest of the
heatmg system from steam to water) Will be about 1 t/h or 3,0352 GCal a year (385,649 m3

of natural gas or 113,188 Rb)
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APPENDIX I

OAO "Pelillilloloko"

OUTPUT OF THE OAO "PERMMOLOKO" BY MAIN PRODUCT TYPES IN 1997

No Ploduct VUlt Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Pel
year

1 Mille t 1,005 919 1,015 885 891 891 898 997 963 1,034 1,030 987 1l,515
2 Dietary foods t 540 555 689 565 589 664 663 569 483 515 530 545 6,907
3 Cleam t 92 105 114 78 74 79 79 66 67 59 65 59 937
4 Sour cream t 192 174 200 179 184 215 285 276 258 226 194 197 2,580
5 Cream cheese t 86 100 91 83 82 86 75 72 75 74 79 76 979
6 Junket t 53 55 54 50 45 47 46 43 47 53 58 53 604
7 "Tanzhelllm" beverage t 61 45 70 63 55 46 51 30 15 23 27 33 519
8 Spread cheese t 58 45 23 31 39 29 45 29 43 41 40 35 458

I TOTAL ~ 3,048 I 2,820 I 3,271 I 2,900 I 2,928 I 3,229 I 3,526 I 3,330 I 3,145 I 3,023 I 2,862 I 2,871 136,953'

* The output of commercial products IS shown 111 terms of tons ofwhole null-..
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APPENDIX II CONSUMPTION OF FUEL AND POWER RESOURCES BY THE OAO
"PERMMOLOKO" IN 1997

OAO "Permmoloko"

~ Power resource I Umt I Jan I Feb I Mar I Apr I May I Jun I Jul I Aug I Sep I Oct I Nov I Dec I P year I
1 Natural gas tfe 877 734 728 292 461 363 343 326 368 485 697 821 6,495

OOOm3 763 639 634 254 401 316 299 284 320 422 607 715 5654

Rate RbI/m3 02892 02841 02841 02841 02841 02841 02841 02841 02841 02841 02841 02935

Payment for 1997 RbI 220,660 181,540 180,1l9 72,161 113,924 89,776 84,946 80,684 90,912 119,890 172,449 209,853 1,616,914

2 ElectrIC power
Declared capacity KW 729 807 741 779 754 909 880 1068 1 039 817 844 817

Rate Rbl/kW 66 66 66 66 66 66 66 66 66 66 66 66

Payment fOJ 1997 Rbi 48 114 53262 48906 51 414 49764 59994 58080 70488 68574 53922 55704 53922 67,2144

Elect/lc power MWh 46090 42300 610 10 18470 53140 65140 56200 70720 64380 58190 36460 45360 63746

Rate RbI/kWh 0192 0192 0192 0192 0192 0192 0192 0192 0192 0192 0192 0192

Payment for 1997 Rbi 88493 81216 117 139 73862 102029 125069 107904 135782 123 610 111 725 70003 87091 1,223,923

Reactive powe/ kVAh 0 0 196529 0 0 298176 0 0 63941 0 0 818700 1 377 347

Rate Rbl/kVA 0017 0017 0017 0017 0017 0017 0017 0017 0017 0017 0017 0017
h

Payment fOI 1997 RbI 0 0 3341 0 0 5069 0 0 1,087 0 0 13,951 23,448

Total Rbi 136,607 134,478 169,386 125,276 151,793 190,132 165,984 206,270 193,271 165,647 125,707 154,964 1919515

3 MUniCIpal water
ConsumptIOn m3 32683 32590 32211 35059 46810 44977 44960 54998 49335 41560 34400 41765 491,348

Rate Rbl/m1 396 396 396 396 396 ()<J6 396 396 396 396 396 396 396

Payment for 1997 RbI 129425 129056 127556 138834 185368 178 109 178042 217,792 195367 164578 136,224 165389 1,945,738

Dramage m3 28,761 28679 28346 30852 41 193 39580 39565 48398 43415 36573 30272 36753 432387

Rate RbI/m3 2324 2324 2324 2324 2324 2324 2324 2324 2324 3324 2324 2324 2324

Payment for 1997 RbI 66841 66650 65876 71700 95733 91984 91949 112,477 100,896 84996 70,352 85,414 1,004,867

Total Rbi 196,265 195,706 193,432 210,534 281,100 270,093 269,991 330,269 296,263 249,573 206,576 250,803 2,950,605
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APPENDIX III PRODUCTION OF FUEL AND POWER RESOURCES BY THE OAO
"PERMMOLOKO"
IN 1997

OAO "Permmoloko"

~I POVler resource I VUlt I J'ln I Feb I M'll I Apr I M'lY I Jun I Jul I Aug I Sep I Oct I Nov I Dec I P Ye'lr I
I Heat power GCal 54810 4,5870 45500 18250 28420 2,2690 21440 2010 0 22690 2,9900 43560 5,1310 40,4540

Supply of the heat to GCal 2,050 19680 2,109 1 16210 8210 8200 5850 4200 2640 7807 16092 1,8344 148826
outsldel customers
mdudlng
ResidentIal bUlldmgs GCal 2036 1955 20947 16210 8210 8200 5850 4200 264 0 7770 15953 18200 148090
Car reran station GCal 1430 1296 144 00 00 00 00 00 00 37 139 144 736
In the enterpnse GCal 3431 2,619 2441 204 2021 1449 1559 1,590 2005 2209 2747 3,297 25571

2 Cold GCal 31995 23990 36524 39190 47145 79080 74535 84065 71250 56035 35795 38170 6177 74
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APPENDIXI~

OAO "Permmoloko"

CONSUMPTION OF FUEL AND POWER
RESOURCES BY THE OAO "PERMMOLOKO"

Figure IV-l Power consumption by the bOiler plant
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Figure IV-2 Power consumptIOn by the ammoma compressor plant
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FIgure IV-3 Power consumptIOn by the aIr compressor plant
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FIgure IV-4 Power consumptIOn by the sewage pump house
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APPENDIX "V: BOILERS TESTS

OAO "Permmoloko"

BOilerNo 2 test results of March 12, 1998

Vanable VOlt Test No
1 2 3 4 5 6 7""

Test date Mar 11 Mar 12 Mar 12 Mar 12 Mar 12 Mar 12 Mar 12

Test tune hhmm 1600 1400 1430 1500 1530 1600 1615
Steam output, by mstrument t/h 825 77
Steam pressure kGs/cm2

75 75
BOller burners
Gas pressure at 1st burner Pa 100 50 50 50 50 50 50
Gas pressure at 2nd burner Pa 100 50 50 50 50 50 50
AIr pressure at 1st burner Pa 200 100 100 100 100 30 30
Alr pressure at 2nd burner Pa 200 200 100 50 15 50 50
BoIler vacuum mmWC 2 2 2 2 2 2 2
BOller outgomg gases
Temperature °C 238 236 234 233 230 229 232
Oxygen, O2 % 103 11 6 11 5 11 2 107 105 103
CO2 % 59 52 53 54 57 5 8 59
Alr excess % 90 114 111 105 95 92 90
NOx ppm 43 36 36 38 40 42 42
CO ppm 1 4 4 4 4 4 4
Losses wlth CO underbumed Mcal/h 0 0 0 0 0 0 0
Losses wlth CO underbumed % 0 0 0 0 0 0 0
BOller effiCiency, by mstrument % 863 845 85 855 865 869 87
Feedmg water
TO upstream of the economlzer °C 102
P downstream of the economizer °C 128
Outgomg gases dis of the economizer
Temperature °C 80
Oxygen, O2 % 163
CO2 % -
Air excess % 350
Heat losses With outgomg gases % 120
NOx ppm 17
CO ppm 1
Losses With CO underbumed Mcal/h 0
Losses wlth CO underburned % 0
Losses to the enVIronment % 4
BOller efficlency dis of economlzer % 84

* The test was done after all outer vlSlble silts (man-holes and cracks) have been closed
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BOIler No 1 test results ofMarch 13 1998,
Variable Umt Test No

1 2
Test date Mar 13 Mar 13

Test time hhmm 1430 1500
Steam output, by mstrument t/h 52
Steam pressure kGs/cm2

72
Boller burners

Gas pressure at 1st burner Pa 60 19
Gas pressure at 2nd burner Pa 60 19
Air pressure at 1st burner Pa 15 15
Air pressure at 2nd burner Pa 17 13
Boller vacuum mmWC 2 2
Boller outgomg gases
Temperature °C 227 224
Oxygen, O2 % 140 116
CO2 % 3 7 52
AIr excess % 193 116
NOx ppm 18 41
CO ppm 9 2
Losses with CO underburned Mcal/h 0 0
Losses with CO underburned % 0 0
BOller efficIency, by mstrument % 796 922
Feedmg water
TO upstream of the economizer °C

TO downstream of the economIzer °C

Outgomg gases dis of economIzer

Temperature °C 103
Oxygen, O2 % 140
CO2 % 3 7
AIr excess % 193
Heat losses wIth outgomg gases % 765
NOx ppm 17
CO ppm 9
Losses wIth CO underbumed Mcal/h 0
Losses with CO underbumed % 0
Losses to the envIronment % 5
BOller efficiency dis of economizer % 923

* The test was done after all outer vIsible slIts (man-holes and cracks) have been closed
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APPENDIX VI HEAT LOSSES THROUGH THE NON-INSULATED
SEGMENTS OF BOILING HOUSE PIPELINES

No PipelIne segment length, m Pipe Surface temperature, lIeatlosses, kVV
dlameter,m °C

IBOllmg house I
1 56 0027 120 72
2 12 0036 120 1 8
3 65 0042 120 99
4 28 0053 80 364
5 73 0060 130 11 24
6 68 0080 80 1292
7 20 0089 160 114
8 4 o180 80 2 1

Total for boIllD2: house 602
Bozler
1 14 0042 80 095
2 43 0060 70 531
3 16 0060 100 358
4 48 0076 70 73
5 42 0089 70 733

If'Th'tal for boiler 2447
Total 8467

59



ENCLOSURE VII.

OAO "Permmoloko"

LOCATION OF DRL LAMS IN THE
ENTERPRISE WORKSHOPS

No EnterprIse umt No of lamps Installed, pes
DRL-250 DRL-400

1 Tare workshop 28 3
2 Sour cream and cream cheese workshop 16 -
3 FIllmg workshop 20 -
4 Ice workshop 5 -
5 Acceptance equIpment workshop 6 1
6 Cheese workshop 22 3
7 InstallatIOn workshop 4 -
8 Compressor plant 11 -
9 Garage 3 -
10 Refngerator 4 3
11 Boller house - 10
12 Outdoor store lIghtmg 7 -
13 Marketmg 4 22
14 Parkmg 10 -

TOTAL 137 42
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APPENDIX VIII LAYOUT OF THE BOILER PLANT

OAO "Permmoloko"

Condensatc from TP

MUnIcIpal water

I I

I rCondensate tankIn No I

l !Condensate t~nkl r---n No 2 I

I
Deaerator, Vp = 30 m3 ~ml

~ li
CWT I r1to the

nH -1 ~

Nacat I 1

Feedmg --l'.

filter No
I I water r H

3, 2nd

nH-2 ~

treatment I I II stage
I I H nH-3 ~

Intermediate
thermal exchanger

Pumps of the 2nd 11ft

: : } Steam for the
boderplant

t----:

NSB-I

T

NSB-2

T

NSB-3

T
BOllerNo I
AKBP-10/13

BoI1erNo 2
AKBP-10/13

Steam
~ Steam to TP

61



OAO "Permmoloko"

APPENDIX IX. ESTIMATION OF FUEL SAVING THROUGH
UTILIZATION OF AMMONIA VAPOR HEAT

Actual refngeratiOn capacity of ammoma compressor statiOn m 1997 compnsed 6,177 4 GCal The
followmg parameters were consIdered whIle estImatmg mimmum heat removal 7 5 atm dIscharge
pressure, I 5 atm suctiOn pressure

I Cycle pomt I Temperature,OC I Pressure, atm I Enthalpy, kCal/kg I
SuctiOn to compressor 15 1 5 417
Discharge lIne 110 75 462
Saturated stearn 17 75 405
Outlet from condenser 17 75 120
Inlet to evaporator -25 1 5 120

MaXimum heat that theoretically can be utilIzed is vapor heat q =462 - 405 = 57 kCaI/kg

At certam yearly refngeratiOn capacity of the system it is possIble to calculate annual cooler
consumptiOn Specific refngeratiOn capacity of the cycle is q =417 - 120 =297 kCallkg

Yearly cooler consumption can be calculated as follows

G =Q/q =6,177,400,000/297 =20,7993 t

To calculate the amount of water a number of assumptIons are necessary Assume, that cold water
temperature is l2°C

Q= 20,799,300*57 = 1,185 6 GCal that is the heat of vapor coolmg

Assume \vater temperature from the heat exchanger to be 70°C, then water amount is the followmg

G = 1,185,600,000/(70 - 12) = 20 44 thou t per year or 56 t1day

At 95% heat exchanger effiCIency vapor heat Will be 1,1263 GCal that will make it possible to prepare
19,491 t of water per year or 53 t1day

ProductiOn of such amount of heat m a bOIhng house will neceSSitate 143 1 m3 of gas or m cash It WIll be
42,000 Rb (6,886 SUS )
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APPENDIX X VENTILATION EQUIPMENT LIST

OAO "Permmoloko"

No Sbop Fan type Q-ty All flow rate, m3/h Dnve
Motor type Horsepower, kW

Exhaust ventilatIOn
1 Compressor statIOn Ts4-70 1 18800 4A132M6 7,5
2 Canteen Ts4-70 2 2600 4A80M2 1,5
3 Battery room Ts4-70 1 11000 4AlOO16Y2 4,0
4 EqUIpment room KTs3-90 4 33200 4AI00LB4 8,8
5 Lab Ts4-70 1 3100 4A71A4 0,75
6 Packagmg shop washmg Ul1It Ts4-70 1 4000 4A80B4 1,5
7 UtIlity rooms Ts4-70 1 5000 4A90LA4 2,2
8 Packagmg shop KTs3-90 6 33000 4A80A6 4,5
Intake ventilatIOn
1 Packagmg shop Ts4-70 1 16100 4A13296 5,5
2 Packagmg shop Ts4-70 1 17410 4A132M6 7,5
3 Spread cheese shop TsP7-40 1 2400 A042-4 2,18
4 Spread cheese shop BTs4-70 1 18300 A52-4 7,0
5 Cottage cheese fel ment shop Ts4-70 1 25300 A073-6 20,0
6 Battely room Ts4-70 1 5600 AO-32-6 1,2
7 Umt aIea Ts4-70 1 19700 K021-4k 15,0
8 Umt area Ts4-70 1 23600 A02-72-4 30,0
9 BottlIng shop Ts4-70 1 9200 K021-4k 15,0
10 Mechal1lcal shop Ts4-70 1 5420 4AMl12 5,5
11 Compressor shop Ts4-70 1 17000 4A132S6 5,5
12 Packagmg shop washmg Ul1It Ts4-70 1 10000 4A112MA4 5,5
13 Canteen TsP7-40 1 1810 A042-4 2,2
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No Shop Fan type Numbel Air flow I ate, m3III Drive
Motor type Capacity, KW

Heat screens
1 Packagmg shop Ts4-70 1 17000 A02-52-6 7,5
2 Packagmg shop Ts4-70 1 21000 A02-62-8 10,0
3 ReceiVing Units Ts4-70 3 2500 AOL2-11-6 0,4
4 Platform Ts4-70 1 38000 A02-71-6 17,0
5 Spread cheese shop Ts4-70 1 3000 AOL2-12-4 0,8
6 Battery room Ts4-70 1 8000 A02-42-4 5,5
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